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l^th mstruments carefully standardized at the Bureau International at 

jpBe analysis was made by a method already used at Harvard^ for de- 
tennining sodium sulfate and silver nitrate. About 20 cc. of the solution 
were removed and weighed; the water was then evaporated and the an> 
hydrous salt remaining was also weighed. An attempt had previously 
been made to carry out the evaporation in an open platinum basin heated 
in an oven, but this was found to be quite impracticable, because of spat¬ 
tering. Resort was then had to fused silica flasks of 0.05 liter capacity 
provided witli long necks. Into these the solution was placed, and they 
were heated to about 103° in an electric oven, while a current of dry air 
was blown upon the surface of the solution in each. A glass tube, pro¬ 
vided with a fused silica cap held in place by a platinum wire, conducted 
the air down the neck of the flask to wnthin four or five centimeters of the 
surface of the solution. Any projected particles or drops adhered to this 
Cap. After the w^ater had been driven off*, the temperature was gradually 
raised to 400° and kept there for over two hours, when experiment showed 
that constant weight was attained. The quartz cap was then detached 
and dropped into the flask, and after cooling in a desiccator over caustic 
potash, the flask with its contents was weighed, together with the cap 
and platinum wire. 

An attempt was made to make the dehydration yet more certain by 
fusing the salt in the quartz flask. With great care this can be done, 
but the result was sometimes disastrous to the flask, the molten salt at¬ 
tacking the fused silica to a considerable extent. Accordingly, this ex¬ 
treme treatment was abandoned. The fairly constant quantity of water 
still retained by the salt dried at 400® was probably less than one part 
in ten thousand, but as it must have been approximately constant in differ¬ 
ent specimens, no correction was applied for this amount. The loss on 
fusion, found some time ago by one of us for dehydrated sodium sulfate, 
was 0.0003 gram from 3.30658 grams of the salt.^ 

The weighings were all made by the method of substitution on a Troem- 
^iHer balance, using standardized weights, and all weighings were reduced 
to the vac^ium standard, 

Considef^^le difficulty was experienced at first in weighing the quartz 
flasks, Somitimes two hours were needed for the attainment of constant 
weight, widll on other days accurate weighing was impossible. The 
trouble was ptobably due, as usual, to three causes, namely, static charges 
of electricity upon the flask, inequalities in temperature, and humidity. 

The first-mentioned dlflBculty seems to have been the most serious of 
the three, for after a very small tube containing impure radium chloride 

‘ Richards, Pw. Amer. Acad.^ 36, 258 (1891) 

• Richards and Forbes?, This Journal, ag, 813 (1907) 
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in water; and after twenty-three days they were taken out, wi|Jfed dry, 
and left exposed to the air of the room for six hours. The counterpoise 
was dipped into water for a moment and wiped dry under identital con¬ 
ditions with the other flasks, except as to the length of time of inti^ersion. 
No change in the relative weights of the flasks was found to have occurred. 
Hence the silica absorbed no water during its three weeks' itijbliersion. 
This having been shown, the experiment was repeated, using a^sodium 
sulfate solution containing 11 % of the salt. The flasks were kept immersed 
in this solution for over a montli and then washed and weighed. As 
before, no change in weight was fotmd. 

It appears safe, therefore, to conclude that the best quality Of fused 
quartz does not absorb water or sodium sulfate to any appreciable extent 
when exposed to the action of these substances. 

The densities of the floats were determined towards the close of the 
investigation. Float A was brought into floating equilibrium with the 
sodium sulfate solution at 20.003*^. The density of this solution was 
ascertained in a large Ostwald pycnometer, of 0.0^ liter capacity, pro¬ 
vided with ground glass caps and the density of float A was thus found 
to be 1.10155 at 2 oV4°* 

From this value, and the appropriate coeSicients of expansion, together 
with the curves to be shortly depicted, the densities of floats C and D were 
calculated to be 1.10151 and 1.10166. Dividing the weight of each float 
by its corresponding density, we obtain, as the volumes of the floats, 
4.92344, 2.71307 and 4.39704 cc., respectively. 

The cubical expansion for fused quartz is often taken as 0.0P00018. 
This is so small as to affect its density only 0.00001 over the range of 
temperature (4.1°) covered in this research. Assuming the usual value 
of the coefficient of expansion of glass (0.000025), the volume of glass 
float D at the lowest temperature (15.9®) is found to be 4.39667 and the 
density 1.10177, instead of 1.10166, the value at 20*^. 

These preliminary data having been recorded, the data and curves which 
show the change of floating equilibrium temperature with concentra¬ 
tion of the sodium sulfate solutions may be given. The experiments were 
begun in January, but the preliminary experiments were affected by the 
fact that the floats were new and had not attained equilibrium. Hence, 
for the present purpose these preliminary experiments may be Emitted. 
In the near future we hope to present complete data concerning t^e slow 
alteration in volume exhibited by glass and fused quartz on sta|:i^ing as 
determined in this way; for the method lends itself with especial fitness 
to this test. The values tabulated are five sets of determinatiofjls made 
in March, 1911. These include all those made during that montM except 
one determination which was vitiated by a known accident. 
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TABLS.-^*'Fi;OAriNG KQtJn:,IBRIUM’* Tempbraturbs of floats togbthbr with thb 
* Corresponding Concentration of Sodium Sudfate. 



Results. 



Wt salt 

Date of determination. 

Float A. 

Float C. 

Float D. 

Wt solution 

Mar. 7. 

. 15.888 

15 991 

1 

5o 109322 
^0.109319 

Mar. 9. 

. 17-394 

17.497 

16.910 

Jo. 109887 
)o.109885 

Mar. 22. 

. 18.408 

18.509 

18.025 

Jo. 110267 
)o.110267 

Mar. 25. 

i 

. 19-421 

19.516 

19.145 

Jo.110670 
)o.110678 

Mar. 28. 

. 19.968 

20.068 

19.729 

Jo.110866 
)o.110858 


The meaning of this table will be made more clear if a single determina¬ 
tion is described. A certain solution of sodium sulfate containing nearly 
11% of the anhydrous salt was made. On March 9th float A was in equi¬ 
librium with this solution imder the precautions already stated at the 
corrected temperature 17.394°; float C at the temperature 17.497°, 
and the glass float D at 16.910°. When these temperatures had been 
satisfactorily determined, two portions of the solution were weighed out 
in quartz flasks. Of these portions, one weighing 20.1283 grams yielded 
2.21184 grams of dried sulfate, and another weighing 20.1471 grams yielded 
2.21387 grams of solid. The percentage of sodium sulfate present in the 
solution was thus found to be 10.9887 and 10.9885 by the two determina¬ 
tions, respectively, as given in the last column of the table. The difference 
between them corresponds to 0.04 milligram, which is about the probable 
error of weighing. Some of the pairs agreed more closely ; others less 
closely, but it was clearly possible to determine the concentration of 
the solution with great accuracy. As already stated, the chief uncer¬ 
tainty lay in the question as to whether or not the salt was wholly dry, 
on account of the inexpediency of fusing this substance in a quartz flask. 
A platinum flask would have served better. 

The results, when plotted with regard to concentration and tempera¬ 
ture, give two almost linear parallel curves for the two quartz floats. The 
glass float also gives almost a straight line, but its greater alteration in 
volume with change in temperature is indicated by the increased slant 
towards the temperature axis as compared to the curves given by fused 
silica. The fact that these curves are so nearly straight is very fortunate 
as regards the application of the method to the calibration of thermometers; 
for Very few points are needed to fix the line throughout its length. 

The (tnethod of using either of these curves for standardizing a thermom¬ 
eter is follows: The particular float chosen or one constructed of similar 
^ Below the graduation of the thermometer. 
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material and of nearly the same average density, is placed in absolution 
of sodium sulfate maintained at the lower of the temperatures 
fied. A weaker or more concentrated solution of sodium sulfate is jjdded 
at this constant temperature until the float is in precise floating equilib¬ 
rium. Some of the solution is then removed and put on one sidefor anal¬ 
ysis. Immediately afterwards the solution is warmed to the o^er end 



Fig. 2.—Curves showing relation of floating equilibrium temperature to concentration 
of solutions for three floats: A, C (silica) and D (glass) 

of the temperature-interval under investigation; floating equilibrium is 
again attained by increasing the concentration of the sodium sulfate, 
and a new portion is taken out for analysis. The two points on the curve 
corresponding to these two percentage compositions of solution should give 
the true temperatures; and the corrections of the thermometer employed, 
are simply found by subtracting its readings from the two values thus*^ 
read off from the curve. ' ' 

For example, let us suppose that with a given thermometer and 4 similar 
g^s float, tte temperature 17.200® was found to correspond eXf^Jjly with 





































CONVBNIl^NT method FOR CAlrlBRATiNG THERMOBfETERS, 9 

11.0000% of dissolved sodium sulfate, whereas the temperature 18.200® 
was found to correspond to 11.0325%. The temperatures (as found from 
a much enlarged curve or by interpolation) which ought to have corre¬ 
sponded to these concentrations were, respectively, 17.244® and 18.195®. 
Accordingly, the thermometer read 0.044® too low on the lower point 
and 0.005® ^00 high on the upper point. Instead of being exactly i.ooo®, 
the true temperature-interval was, therefore, the difference between the 
two last-given figures, namely, 0.951®. 

Evidently, in order to attain the certainty of 0.001®, very great ac¬ 
curacy in analysis is necessary. A varJ||ion of 0.01 ® in temperature corre¬ 
sponds to only about 0.0034S0 tbe weight of salt in the solution, or 0.06 
milligram when only two grams are weighed. Of course, the curve as 
given above, is nothing but a preliminary one, and serves rather merely 
to exemplify the method than to act as a final standard of reference. 
The technique may clearly be much unproved. The line, as drawn, is not 
perfectly smooth; the irregularity may be due either to an imperfect 
analysis of the solution taken from either of the two upper series of points, 
or to an error in the thermometer employed at one of these positions. 
Such irregularities are not inherent in the method but may be traced to 
their source through further experiment. For finality, many more de¬ 
terminations should be made with a number of tliermometers standardized 
independently with the greatest care at the Bureau International, and, 
moreover, floats of definite materials should be employed so that the stand¬ 
ard may be easily duplicated in any given locality at any given time. 
In the near future, experiments are to be made here with a variety of 
such floats, for example, of platinum, silver and glass of definitely known 
composition. Besides this, solutions of other substances, especially hydro¬ 
chloric acid, are to receive attention. 

Nevertheless, even without further knowledge, a single curve of this 
sort may be useful in comparing one part of a given thermometer with 
another part, or in smoothing out irregularities in a curve giving its cor¬ 
rections. If a smaller degree of precision, than that aimed at in the pres¬ 
ent work is sought, the analysis may be carried out volumetrically, and the 
problem becomes vastly easier. 

It is evident that, when the locus of a given curve over a definite interval 
has been once for all obtained, any similar float may be standardized 
by means of a very few points. For example, if a small range were con¬ 
cerned, the two points recently found at Harvard for the transition tem¬ 
peratures of sodium chromate, namely, the decahydrate-hexahydrate, 
19.525®, and the decahydrate-tetrahydrate, 19.987®, might be used; 
or for a larger range these points in conjunction with the transition tem¬ 
perature of sodium sulfate, 32.383®. 

If efficient care is employed, this method may also be used for deter- 
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mining the coeiEcients of expansion of liquids with known floats, or co- 
eflSdents of expansion of floats with known liquids. Therefore, any substance 
which may be made into a float may profitably be studied as to its coef¬ 
ficient of expansion in this way; and such studies will be made in the near 
future in the Wolcott Gibbs Memorial Laboratory. 

The authors take pleasure in expressing their gratitude to the Carnegie 
Institution of Washington for generous help in the prosecution of this work. 

Summary. 

In this preliminary paper, experiments are described showing how the 
phenomenon of floating equilibrium may be used to standardize ther¬ 
mometers. The method consists in determining the temperatures, at 
which different analyzed solutions of a given substance attain exactly 
the density of a given float. When the almost linear curve, showing the 
relation of this floating equilibrium-temperature to percentage composi¬ 
tion, has once been established, it will serve for the calibration of any ther¬ 
mometer at any time. 

The use of the method as a convenient means of determining the coef¬ 
ficients of expansion of liquids with known floats, or coefficients of ex¬ 
pansion of floats with known liquids is also indicated. 

Further work upon the subject is now being prosecuted in the Wolcott 
Gibbs Memorial Laboratory of Harvard University. 


[Contribution from run Chbmical Laboratoribs of Nbw Hampshire College.] 

THE DIMETHYL PHOSPHATES OF THE RARE EARTHS. 

Bv J, C. Morgan and C. Jamrs. 

Received November 8, 1913. 

The study of methods for the separation of the rare earths, and oT 
new compounds of the rare earths that seem likely to be of use for such 
purposes, has, for a long time, occupied the attention of those interested 
in this branch of chemistry. 

The rare earth salts of dimethyl phosphoric acid seemed, on preliminary 
investigation, to be possessed of properties which would mnlfp dimethyl 
phosphoric acid an extremely valuable reagent *for the separation of some 
of the rare earths. Therefore, a study of the properties of these compounds 
was commenced. 

This investigation involved the preparation of dimethyl phosphoric 
add; the preparation of the rare earth compounds from this; the determina¬ 
tion of the composition and solubility of these compounds; and finally 
several fi’actionations of rare earth mixtures. 

Preparation of Dimetityl Phosphoric Acwi.—This add was prepared, 
•ccordix^ to the method of Hugo Schiff/ by allowing methyl ni/v%hAl to 
* Ckm. CentralbhU, 1857, 761-^63, 864. 
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drop slowly into phosphorus oxychloride. About 200 cc. of phosphorus 
oxychloride were placed in a liter flask and 250 cc. of methyl alcohol 
were added, drop by drop, through a separatory funnel fitted to the flask. 
During the reaction, the flask was shaken in a stream of cold water and 
the temperature maintained between 25® and 30°, The large quantities 
of hydrochloric acid gas and methyl chloride which were evolved, passed 
off through a side tube. At the completion of the reaction, which required 
from an hour to an hour and a half, there remained a colorless, somewhat 
syrupy liquid, consisting of both dimethyl phosphoric and phosphoric 
acids with some hydrochloric acid and methyl chloride. This was removed 
to an evaporating dish and heated upon the steam bath until the hydro¬ 
chloric acid and methyl chloride were expelled. The syrupy acids were 
then diluted and neutralized with barium carbonate. The phosphoric 
acid was removed as barium phosphate. The precipitate was filtered 
off, leaving a clear filtrate consisting of a solution of barium dimethyl 
phosphate, together with traces of barium monomethyl phosphate. This 
solution was treated with just sufficient sulfuric acid to precipitate all 
the barium as the sulfate, which after digestion at 95° was removed by 
filtration, leaving a clear solution of dimethyl phosphoric acid. 

Yttrium Dimethyl —This salt was obtained by dissolving 

yttrium hydroxide in dilute dimethyl phosphoric acid. After stirring 
for some time, the liquid became clear. The solution was then filtered 
and placed upon a water bath, the temperature of the latter being kept 
at about 90°. This treatment caused a quantity of cryvStallinc yttrium 
dimethyl phosphate to form. The precipitate was filtered off and washed 
with boiling water. The compound was next dissolved in as small an 
amount of water as possible, and permitted to ciystallize by spontaneous 
evaporation. Groups of white needle-like crystals, radiating from a com¬ 
mon center, were formed. These were removed, dried between filter 
papers, and then placed in an oven at 100° for four hours. The results 
of the analysis seemed to show that a very small amount of water was 
retained. Further drying at the same temperature failed to make any 
difference. 

Yttrium dimethyl phosphate dissolves in water at 25® to the extent of 
2.80 parts of the anhydrous salt to 100 parts of water. At 95® only about 
0.55 parts dissolve in 100 parts of water. 

Calculated; Y2O8, 24.34; found: 24.06. 

Lanthanum Dimethyl Phosphate .—This substance was prepared by dis¬ 
solving the oxide in dilute dimethyl phosphoric acid. The solution, 
after filtration, was concentrated upon a water bath until a skin began 
to form upon the surface, after which it was permitted to crystallize by 
spontaneous evaporation. The resulting crystals were dissolved in water 
and recrystallized once again by spontaneous evaporation. These crystals 
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were separated from excess of mother liquor by pressing between filter 
papers and finally dried in air. 

Lanthanum dimethyl phosphate forms white hexagonal crystals. 
One hundred parts of water dissolve 103.7 parts of the anhydrous salt 
at 25*". The solubility at 100° did not vary like that of tlie other rare 
earths. The solubility at 95® appeared to be somewhat difficult to de¬ 
termine, owing to the fact that the solution had a tendency to become 
colloidal. 

In order to determine the phosphorus, a weighed sample of lanthanum 
dimethyl phosphate was first fused with sodium peroxide to-oxidize the 
methyl groups and get the phosphorus present as phosphate. The usual 
method was then followed. 

Calculated: LasOs, 29.63; PjOfc, 38.75; found: La20A, 29.45; P2O6, 38.63. 

From the above analysis, it was considered that the compound con¬ 
tained four molecules of water of crystallization, as shown by the formula: 
La2[(CH3)2P04]6.4H20. 

Cerous Dimethyl Phosphate. —The cerous compound was obtained by 
treating cerous carbonate with a dilute solution of the acid. The clear 
solution was evaporated on the water bath until a skin began to form upon 
the surface, as was observed in the case of the preceding substance. It 
was further concentrated by spontaneous evaporation. The crystals 
obtained in this manner were again ciy’^stallized from water. 

Cerous dimethyl phosphate is a white crystalline solid belonging to 
the hexagonal system. It is very soluble in cold water, but less soluble 
in hot. One hundred parts of water dissolve 79.6 parts of the anhydrous 
salt at 25®, and about 65 parts at 95®. Upon analysis 33.08% CeOj 
was found. This still remained after drying^for some time at 100®, 
and corresponded t^o the formula: Ce2[(0113)2^04]6.H20. 

Praseodymium Dimethyl Phosphate. —solution of this dimethyl phos¬ 
phate was prepared by dissolving praseodymium oxide in the acid. The 
liquid was concentrated on the water bath until small crystals began to 
form, after which it was set aside to evaporate at ordinary temperatures. 
The compound, purified by recrystallization, formed green, hexagonal 
crystals. 64.1 parts are dissolved by 100 parts tf water at 25® 

Neodymium Dimethyl Phosphate was prepared in a similar manner to 
the praseodymium compound. It forms pale lilac-colored hexagonal 
plates. At 25®, 56.1 parts dissolve in 100 parte of water, while at 95®, 
only about 22.3 parts are dissolved by 100 parts of water. An analysis 
showed the presence of 32.27% of Nd208, thus pointing to the 
formula: Nd2[(CH8)2POj6. 

Samarium Dimethyl Phosphate. —^A small quantity of the acid^was 
neutralized with samarium oxide. The solution thus obtained was con¬ 
centrated on the water bath until nearly solid, owing to the formation of 
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the dimethyl phosphate crystals. It was filtered while still hot. The 
salt was dissolved in water and crystallized by evaporation at ordinary 
room temperature. 

Samarium dimethyl phosphate forms cream-colored hexagonal prisms. 
One hundred parts of water dissolve 35.parts of the salt at 25° and about 
10.8 parts at 95°. 33.11% Sa203 was found to be present, indicating no 
water of crystallization like most of the rare earth dimethyl phosphates. 

Gadolinium Dimethyl Phosphate was separated from its solution by care¬ 
fully heating. 

It forms white, needle-like crystals very similar to the yttrium com¬ 
pound. One hundred parts of water dissolve 23.0 parts of the salt at 25°, 
while only 6.7 parts are dissolved by the same quantity at about 95®. 
The compound contained 34.00% GdsOs. 

Erbium Dimethyl Phosphate was prepared in a similar way to the ytter¬ 
bium salt described below. 

It forms very pale-colored needles, 1.78 parts dissolving in 100 parts 
of water at 25 

Ytterbium Dimethyl Phosphate. —^The ytterbium oxide was dissolved in 
a slight excess of hydrochloric acid, and the solution diluted considerably. 
A sufficient quantity of dimethyl phosphoric acid to react with the ytter¬ 
bium present was neutralized with sodium carbonate, and then made slightly 
acid with a few drops of dimethyl phosphoric acid. This .solution was 
diluted and slowly added to the ytterbium chloride with careful stirring. 
A precipitate of ytterbium dimethyl phosphate formed, which slightly 
increased in amount on heating the solution to 100®. The precipitate 
was filtered off, dissolved in cold water, and again precipitated by heating. 
The white needle-like crystals dissolve to the extent of 1.2 parts per 100 
parts of water at 25®. Only 0.25 is dissolved by 100 parts of water at 
about 95®. An analysis showed 35.73% Yb203, which corresponds to 
the amount contained in the formula of the anhydrous substance. 

Table of Solubilities of Dimethyl Phosphates. 

Parts of salt per 100 

Element. Crystal form. parts of water at 25®. 


Lanthanum.♦... 

Hexagonal crystals 

103.7 

Cerium. 

Hexagonal plates 

79.6 

Praseodymium. 

Hexagonal plates 

64.1 

Neodymium. 

Hexagonal plates 

56.1 

Samarium. 

Hexagonal prisms 

35.2 

Gadolinium. 

Long needles 

23.0 

Yttrium. 

. Long needles 

2.8 

Erbium. 

Long needles 

1.78 

Ytterbium. 

Long needles 

1.2 


Fractionation of Material. —Since, as already stated, the study of new 
•compounds of the rare earths is carried on mainly to obtain compounds 
.adaptable to a more complete and more rapid separation of these elements, 
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no study would be complete without determining the behavior of mixtures 
of the dimethyl phosphates. Several fractionations were conducted, and 
the method employed was that of precipitation by heat. In the case of 
the less soluble compounds, a dilute solution was prepared. The beaker 
containing this solution was then placed in a water bath and the tem¬ 
perature of the bath gradually raised, the solution being constantly stirred. 
As soon as a fair amount of precipitate had formed, the liquid was filtered 
off and the precipitate retained as Fraction I. The filtrate was again 
heated until another lot had separated, and again filtered. The dimethyl 
phosphates collected from this second heating were put aside as Fraction 
II. In this manner fractions were taken up to and inclusive of 95°. 
Additional fractions were obtained by fractionally evaporating the mother 
liquor. 

These fractions were further fractionated by dissolving the least soluble 
fraction in water, and heating in the water bath to the temperature at 
which Fraction I was removed. The precipitate which had formed at 
this point was removed by filtration and retained as Fraction I 2. The 
filtrate was used to dissolve Fraction IT, and the solution heated as before 
to the temperature of removal of Fraction II. The precipitate was taken 
as Fraction II ~2, and the filtrate UvSed to dissolve Fraction III. By 
proceeding in this manner any degree of fractionation, which was desired, 
could be obtained. 

During, and at the completion of the fractionation, various fractions were 
examined with regard to color of oxide, nitric acid solution, and spectrum. 

Gadolinium Material .—^A material, containing gadolinium with only 
sufficient traces of terbium to color the oxide orange-brown, was first 
submitted to fractionation with dimethyl phosjAoric acid. 

The oxide of this crude gadolinium was dissolved by stirring with the 
acid until all had dissolved. The liquid was then treated as described 
above. 

The fractions were taken as follows: Fractions I, I’-’2, I~3 at 65; Frac¬ 
tions II, 11-2, II-3 at 90®; Fractions III, III-2, III-3, after evaporating 
the mother liquor from Fractions II to one-half volume; and Fractions 
IV, IV-2, IV-3, upon complete evaporation. * 

A fair idea can be formed, with regard to the rapidity of the method, 
by observing the change in color of the oxides. The oxide from Fraction 
II was of a dark brown color* that of Fraction IV light brown, and that of 
Fraction IV-3 pale cream. 

This showed a rapid concentration of the gadolinium in the most soluble 
fractions, while the impurity—terbium—collected in the least soluble. 

It is interesting to note that this fractionation required only about 
forty-eight hours to give a comparatively pure gadolinium. This shows 
a great increase in the rapidity of the separation over all previous methods* 
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Fractionation of Yttrium Material, —^The next oxides consisted of a 
mixture of those of yttrium, holmium and dysprosium with traces of er¬ 
bium, samarium, gadolinium, terbium, neodymium and praseodymium. 
They were dissolved in hydrochloric acid, the solution diluted and boiled 
with an excess of sodium hydroxide. The precipitated hydroxides were 
filtered off and washed with hot water until free from chlorides and dis¬ 
solved by stirring with the dilute dimethyl phosphoric acid. The resulting 
solution was then submitted to the usual fractionation. 

Fraction I was removed at 38°, Fraction II at 48°, Fraction III at 65°, 
Fraction IV at 96°, while Fractions V, VI, VII and VIII were taken by 
fractionally evaporating the mother liquor from Fraction IV. 

Fraction I, —The oxide was yellowish, and the absorption spectrum 
showed a rapid concentration of erbium. Holmium and dysprosium 
were also present. 

Fraction //.—This portion gave a yellowish colored oxide. The spectro¬ 
scope showed holmium and dysprosium with very small quantities of er¬ 
bium. 

Fraction VI, —^The oxide was colored an orange-brown. An intense 
absorption proved the presence of very much dysprosium, less holmium, 
and the merest possible trace of neodymium. 

Fraction VIL —Reddish brown oxide. The absorption spectrum was 
very weak, showing the presence of a small amount of neodymium and 
traces of samarium and dysprosium. The green band of holmium could 
barely be detected. 

Fraction VIII, —^This gave an orange-brown oxide. The spectrum showed 
intense absorption bands, indicating the presence of a large quantity 
of neodymium, a very little praseodymium, and only a trace of samarium. 

Fractionation of a mixture of earths, from monazite, giving more soluble 
double sulfates. The earths present consisted largely of gadolinium and 
dysprosium with small amounts of terbium, holmium and neodymium. 

The oxides were warmed with dimethyl phosphoric acid until entirely 
converted into dimethyl phosphates, after which the thick mass was 
stirred with water until dissolved. 

The fractions were collected as follows: Fractions I to III up to 95®; 
and Fractions IV and V by evaporation of the mother liquor from Frac¬ 
tion III. 

Fraction 1 gave a brownish yellow oxide, which, when dissolved in nitric 
acid, gave a yellowish green solution. With the aid of the spectroscope, 
it was found that large amounts of dysprosium were present, accompanied 
by a little holmium. 

Fraction II, —^The oxide was chocolate-brown. Its nitrate solution was 
faintly green and showed weak absorption bands of dysprosium and ter¬ 
bium. 
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Fraction V .—Oxide red-brown. Absorption spectrum indicated very 
small quantities of neodymium and dysprosium. 

It will be observed from the above fractionations that the rate of separa- 
tion of the rare earths is vastly greater than practically all the methods 
given up to the present time. Lanthanum, cerium, praseodymium, 
neodymium are left at once in the mother liquor. Samarium, europium, 
and gadolinium are much less soluble than those previously mentioned, 
while they are more soluble than terbium, dysprosium and holmium. 
Erbium, thulium, yttrium, ytterbium, etc., collect in the least soluble 
portions. 

Since the solubilities of these compounds are the reverse of the usual 
type, they may be used for the rapid purification of many of the rare earths. 
For instance, we can easily remove traces of neodymium from samarium 
by this means, as the samarium dimethyl phosphate separates before the 
neodymium compound. 

It is necessary to state that there is some inconvenience when working 
with the salts of dimethyl phosphoric acid, since they undergo a very grad¬ 
ual decomposition. A gelatinous precipitate is formed, very slowly, in 
the case of the rare earths, which filters with difficulty. 

Durham, N. H, 


THE UTILIZATION OF DIFFUSION PROCESSES IN THE 
PREPARATION OF PURE SUBSTANCES. 

By John Johnston. 

Received October 27, 1913. 

The possibilities of utilizing diffusion processes in preparing certain 
substances in Hie form of relatively large crystals appear to be much less 
widely known than they deserve to be, in view of the simplicity of the 
procedure and the purity of the resultant product. This type of method 
is quite generally applicable; its use is especially advantageous in the forma¬ 
tion, by precipitation, of sparingly soluble substances. Such substances, 
as ordinarily prepared, tend to separate out in very fine powder which, 
by reason of its large extent of surface, often contains much absorbed 
material, in which case they are extremely difficult to purify satisfactorily. * 
By allowing the solutions to mix by the operation of diffusion we may 
ensure very slow precipitation, and in this way obtain large, well-developed 
crystals, which can easily be washed free from any adherent foreign material. 

The size of grain of a precipitate AD {e. g., CaCOH^)), formed by the 
interaction of solutions AB and CD {e, g., CaCL and NaOH), depends 
upon the virtual concentration in the mixed solution of the ions and 
D', relative to their concentrations in the solution which, under the condi¬ 
tions of experiment, is saturated with respect to AD. This was demon¬ 
strated directly by von Veimam for precipitates of barium sulfate;* 

* P. P. von Veimam, Z. Chm. Ind. KoUaide, a, 3. 
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and all available lines of evidence substantiate its general applicability. 
In other words, the fineness of grain is determined by the virtual and mo¬ 
mentary degree of supersaturation of the substance AD in the mixed 
solution. Indeed, the truth of this is apparent from general principles,, 
for a high degree of supersaturation is obviously most readily dispersed 
by the precipitation of a large number of particles, consequently by 
the formation of very fine particles. Moreover, growth of larger particles 
will occur only if the degree of virtual supersaturation is so low that the 
rate of deposition from the solution does not exceed a certain maximum 
characteristic of the particular crystal. 

The formation of large particles of slightly soluble substances, there¬ 
fore, is favored: (i) by causing the separation of the substance to proc'ced 
very slowly: (2) by so choosing the temperature and composition of the 
medium as to have the substance as soluble as possible. Moreover, 
the average size of grain of a precipitate is increased when it reinaitis in 
contact with a medium in which it is vSoluble at all, because a solution 
saturated with respect to the larger grains is iinsaturated with respect to 
the smaller.^ i\dvantage can be taken of all of these favorable factors by 
making use of a process in which mixing of the reacting solutions is ef¬ 
fected by difTusion. 

Such diffusion methods were used many years ago by Daubree and others 
of the French school, in their work on tlie artificial production of minerals. 
They generally placed the reacting solutions in two vessels connected by 
some sort of siphon—a glass tube or a wick; but this procedure has the dis¬ 
advantage that precipitation takes place witliin the siphon and closes 
it up. It is much better to allow each of the solutions to diffuse separately 
into a large volume of liquid within which they come together slowly 
and react. The choice of liquid depends upon the solubility of tlie sub¬ 
stance, being either a saturated solution of the substance {AD), or, water 
alone, or a solution containing some foreign substance which increases 
the solubility of AD but at the same time does not separate out along 
with it as a solid double salt. 

To carry out such a process the easiest way is to fill up with appro¬ 
priate liquid a large vessel at opposite sides of which two small evaporating 
dishes*—one containing the solid AB, the other CD —are carefully placed; 
the whofe is left in some place not exposed to violent temperature fluctua¬ 
tions, in order to eliminate the disturbing effects of convection. In this 
way, beautiful crystals of calcium hydroxide formed by interaction of 
calcium chloride with sodium hydroxide in a large desiccator (24 cm. di- 

' Just as small liquid drops are unstable in presence of larger drops, by reason of 
the greater vapor pressure of the former. 

* It is advisable that the upper edge of these vessels be sensibly horizontal; other¬ 
wise, flow may take place over tlie lowest point of the rim. 
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ameter, capacity about 6 liters) in about 3 weeks at room tem&rature; 
the crystals thus formed being hexagonal prisms, with the about 
I mm. thick and 2-3 mm. long.^ Similar experiments carried oijij at 100 
yielded fine crystals of barium sulfate,^ 1-2 mm. long, which wer|, within 
the unavoidable error of the determination, free from the occluded Material 
carried down by barium sulfate when it is precipitated in the prdinary 
way. In carrying out experiments of this kind at temperatiires other 
than room temperature, it is a matter of considerable difficulty to pre¬ 
vent premature mixing by convection at the moment when the compon- 

- -- ^\ introduced. To sur- 

I ' ^ y'C I I ^ n C 1 mount this difficulty, recourse 

1 IP'I ' lii iHay be had to the following 

y I I I y modified procedure, illustrated 

/ \ figure, the principle of 

^ h — L~ ZTTq which is that the component 

^ AaB “Ew y- CDJ solutions siphon very slowly 

_I medium: 

Into the main mass of liquid® 
dip two tubes, each of which 
I ’ serves as a siphon for the 

-p transfer of one of the com¬ 

ponent solutions; the latter are 
: : contained in stoppered flasks 

placed, if desirable, outside of 
the temperature bath. These 
V r - siphon tubes are not con- 

a: ~ - stricted, because they choke up 

^ very soon if they are nm*row 

E enough to be effective for the 

purpose in hand; but a very 
slow transfer of each solution 

-1==:^- is secured by allowh^ air to 

Diagram of arrangement for securing slow enter each of the flasks only 
mixing at 100° of the component solutions {AB through a second tube which 
and CD). T is the steam bath, M the vessel jg toCtjeedinely 

containing the main mass of liquid, evaporation « * 

of which is prevented by a layer of paraffin wax. capillary. It some- 

The rate of transfer of the solutions down what difficult to dtEW down 

through the siphons L is regulated by the two such capillaries, So as to 

entrance of air through the extremely fine capil- obtain equal rates Of flow; 

lary tubes K, 


lary tubes K. Ijjjg helped by adjust¬ 
ing the concentrations of the two solutions. \ 

‘ A crystallographic description of these crystals will be published ^elscsVi^erS. 

* J. Johnston and h H. Adams, This Journai,, 33, 834 (1911)- 

* Evaporation of this liquid is readily prevented by a floating layer of ^j^affin. 
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It majr be remarked that, in spite of a long and varied series of diffusion 
cxperiml&hts, we have been unable to prepare magnesium hydroxide in 
good crystals, presumably because the actual rate of diffusion was still 
not smslJ enough in view of the limiting saturation of this substance. 
Similar attempts with silicates resulted in the separation of colloidal 
mat^at only; this may be due to hydrolysis, or to the insolubility of the 
silicate, or to both of these factors. The only possibility of increasing 
the saturation limit in this case would seem to be increase of temperature; 
and it id very doubtful if this would avail much, since the indications are 
that silicates are still very sparingly soluble in water even at temperatures 
of 360° or higher. A few trials made at 200^ in a small autoclave were 
unsuccessful; indeed the experimental difficulties in the way of securing 
sufficiently slow mixing at temperatures above loo*^ are very great, so 
that we abandoned attempts to prepare crystalline silicates in this way. 

Nevertheless, it is probable that, by means of diffusion experiments as 
described above, one may prepare good crystals of many sparingly soluble 
substances, which otherwise cannot readily be obtained except as very 
fine powder, usually more or less contaminated with occluded material. 
The slowly formed crystals obtained in this way are practically free from 
impurity and hence constitute first-rate material with which to undertake 
physico-chemical determinations, such as measurements of solubility. 
The use of this type of material for such purposes would doubtless yield 
quite definite and reproducible rcvsults which would, with advantage, re¬ 
place some of the present uncertain data. 

GBOPHYSICAI. l^ABORATORY, 

Carmkois Institution op Wasiungton, 

October, 1913. 


A IfEW METHOD FOR THE PREPARATION OF COLLOIDAL 
FERRIC HYDROXIDE. 

By Thbodors Cohen. 

Received November 3, 1913. 

Many of the methods already in use for the preparation of soluble 
ferric hydroxide are based upon the hydrolysis of a ferric salt. The 
soluble ferric hydroxide thus formed is held intact without any ap¬ 
preciable evidence of the settling of the solid phase, after standing for 
some tilde. A typical reaction of this kind takes place when a molar 
ferric chloride solution is neutralized with a molar ammonium carbon¬ 
ate solution. If the liquid thus obtained is filtered and then dialyzed, 
ferric hydroxide vdll be obtained in the colloidal state, brought about 
through the hydrolysis of the ferric salt, according to the main reaction:^ 
PeCla + 3HOH = Fe(OH)3 + 3HCI. 

* A. A. Noyes, This Journal, 27, 94 (1905). 
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The writer claims another method for preparing colloidal ferric hydroxi|tie> 
due to the hydrolysis of an iron salt, ferric nitrate, which iQ^rolylsit 
takes place in a nitric acid solution, containing free reacting coppei?'. 
A carrful research through the available chemical literature gave no 
account of the preparation of colloidal ferric hydroxide accoitiing to 
the method which is described below. 

While working with a copper sulfate solution, in which was luimersed 
an iron nail, dilute nitric acid was accidentally added in excess. A violent 
reaction took place, brownish fumes were evolved (liberation of N2O4, 
nitrogen peroxide) and at the end of the reaction, a reddish yellow mixture 
was obtained. This was filtered several times, the liquid passing through 
the filter paper unchanged, and viewed by transmitted and reflected 
light. In the former case, the color was deep red, but in the latter, a 
distinct reddish yellow opalescence (probable presence of a colloid) could 
be readily seen. A drop of concentrated sulfuric acid was added, when 
a red-brown gelatinous precipitate immediately appeared. This pre¬ 
cipitate was found, upon analysis, to be ferric hydroxide. Another 
portion of the liquid was placed in a U-tube and an electric current sent 
in. A red gelatinous mass appeared on the cathode and when analyzed 
was also found to be ferric hydroxide. Concluding that a colloid was 
probably present in solution, and that the presence of copper influenced 
its formation, the following experiments were carried out: 

(r) Three grams of iron (nails) were placed into 10 cc. concentrated 
nitric acid in a large test tube. No reaction took place. This would 
be expected, since concentrated nitric acid renders the iron passive. 

(2) Three grams of iron (nails) were placed in 10 cc. concentrated 
nitric acid in an Erlenmeyer flask and a small piece of sheet copper was 
added at the same time. No action occurred but when diluted with a 
little water, immediate violent action took place. At the conclusion of 
the reaction, a dark red liquid was obtained which was filtered and dialyzed 
to remove electrolytes, (a) A 10 cc. portion was treated with concen¬ 
trated sulfuric acid, when immediate coagulation took place. (6) An¬ 
other portion was placed in a U-tube and a current of no volts passed in. 
A gelatinous red precipitate collected on the cathode, (c) Still another 
portion was treated with electrolytes of varying concentration and in 
each case coagulation took place, with increased speed as the concen¬ 
tration of the electrolytes increased. Electrolytes having anions of high 
valence were still more effective in producing coagulation than those 
having low valence anions. The facts that sulfuric acid, other electro¬ 
lytes and the electric current precipitated ferric hydroxide, verify its 
original colloidal nature. The collection of the precipitate aitpnd the 
cathode proves the colloid to have a positive charge. Such U known 
to be the case with true colloids of ferric hydroxide. 
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(3) Three grams of iron (nails) were placed in dilute nitric acid, specific 
jpravity 1.20, and allowed to react. A slight brownish solution was ob¬ 
tained. The addition of sulfuric acid failed to produce coagulation; 
there was simply a change in color to pale green, as would be expected 
of ferric salts when they are treated with sulfuric acid. At times, in the 
.above case where copper was absent, a slight precipitate appeared upon 
the addition of sulfuric acid. This was probably due to the slight hydrolysis 
of the ferric salt, giving soluble ferric hydroxide, which would be pre¬ 
cipitated by the addition of sulfuric acid. 

Anotlier set of experiments was carried out with iron as filings, contain¬ 
ing copper as an impurity. Colloidal ferric hydroxide was also obtained. 

(1) Two grams of iron (filings) were added to 5 cc. concentrated nitric 
acid in an Erlenmeyer flask. No action took place. Water was added 
from a buret until the reaction started. A brownish red, curdy, gelat¬ 
inous mass was left, which went into solution on the addition of water. 
This was filtered and dialyzed, when a yellow-brown liquid was obtained, 
which showed distinct opalescence. 

(2) Three grams of iron (filings) were placed in 5 cc. concentrated nitric 
acid and then diluted. Reaction began and the resulting liquid was 
filtered and dialyzed. Opalescence was clearly visible. 

(3) Three grams of iron (filings) were added to 10 cc. concentrated nitric 
acid and diluted The mixture was filtered and dialyzed when a deep, 
ruby- or blood-red liquid was obtained. In this case, the color was deeper 
red than in the two previous experiments. The acid when diluted in each 
case had a specific gravity about 1.20. Each .solution .showed distinct 
opalescence and a drop of sulfuric acid or the electric current caused 
coagulation with the separation of ferric hydroxide. These tests again 
verify the colloidal nature of tlie ferric hydroxide. Mixtures thus prepared 
have remained vsince April without the least evidence of the settling of 
the solid phase, ferric hydroxide. 

However, when i gram of iron filings was added to concentrated nitric 
acid, diluted, and then filtered at the end of the reaction, a clear yellow- 
brown filtrate was obtained; the addition of sulfuric acid-^^^^e 
duce any coagulation.* This may perhaps be due to the ex^ nitric 
acid in the solution, which would tend to drive back the hydrolysis com¬ 
pletely, in the case of the nitrate.^ 

Fe(N08)8 + 3H2O Fe(OH)3 + 3HNO3. 

Having obtained a colloid with iron filings which were known to contain 
copper, iron, reduced by hydrogen, was placed into dilute nitric acid. 
This solution gave no test for colloidal ferric hydroxide; but when a similar 
portion was placed into concentrated nitric acid, containing a small piece 
of copper, and then diluted, the colloidal ferric hydroxide which was pro- 
^ A. Smith, “Inorganic Chemistry/* 1912, p. 755. 
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duced was precipitated upon the addition of a drop or two of concentrated! 
sulfuric acid. 

Since iron, copper, water and nitric acid are the chief constituents^ 
the main reaction which produces the colloid could be expressed by an 
eouation, 

FeCNOs)* Fe+++ + sNO," 

3HOH 3OH + 3H+ 

it it 

Fe(OH )8 3HNO8. 

The formation of soluble ferric hydroxide, brought about by the hy¬ 
drolysis of the ferric nitrate in tlie solution, must have been favored in some 
manner, by the presence of the copper. 

As shown by the second equation, the presence of nitric acid would 
drive back the hydrolysis of the ferric salt completely. Reasoning upon 
this fact led to the conclusion that the ferric hydroxide formed as a result 
of hydrolysis would remain as such, if the effect of the nitric acid could 
be destroyed. With this in view the following experiments were carried 
out: 

(1) A concentrated solution of ferric nitrate was boiled for a consider¬ 
able time, when the yellow-red original color of the solution became deep 
red. Upon cooling, however, the deep red returned to its original color, 
and sulfuric acid gave no trace of colloidal formation. This would be ex¬ 
pected, since the nitric acid formed would reverse the reaction, as already 
indicated. 

(2) Another boiling solution of ferric nitrate was treated with copper 

filings and a deep blood-red solution was obtained. This was filtered and 
allowed to cool but the deep blood-red color still remained. The addition 
of sulfuric acid gave a heavy precipitate of ferric hydroxide, and further 
tests verified the presence of cupric nitrate in the solution. Copper hav¬ 
ing combined with the nitric acid, the ferric nitrate could then hydrolyze. 
Cooling would have no effect since the reversing power of the acid was de¬ 
stroyed. copper was similarly treated with the same result, except 

that the id-red color was tinged with a brownish opalescence, due, no 
doubt, to the incomplete removal of the nitric acid, since finely divided 
copper would be more effective in reacting with the acid. 

The next question that arose, would other metals have the same effect? 
To answer this, the following experiments were necessary: 

(3) Solutions of ferric nitrate were boiled with an iron nail, reduced 
iron, iron filings (containing copper), mossy zinc and zinc dust. In each 
case filtration retained no precipitate on the filter paper. Beautiful red 
solutions were obtained when the metal was in a finely divided condition 
and tinged with a brown opalescence when otherwise. Each solution gave 
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ferric hydroxide when treated with sulfuric acid or the electric current, 
and obeyed the characteristic tests for colloids. Dialysis gave the crys¬ 
talloids which were analyzed and found to be, in each case, the nitrate of 
the metal. In fact the colloids formed by starting directly with ferric 
nitrate were deeper in color than when nitric acid was employed to first 
form the nitrate. 

The conclusions arrived at are: that hydrolysis was temporarily possi¬ 
ble only at the boiling temperature when nitric acid was present in excess; 
that the addition of a metal combining with the nitric acid formed as a 
product of the reaction, when the nitrate was used; and with the excess 
acid when ferric nitrate was formed in the presence of the free acid, 
favored hydrolysis by destroying the effect of the nitric acid present; that 
the most favorable condition under which colloidal ferric hydroxide is 
formed would be one in which the nitric acid was completely removed; 
and that the finer the state of division of the metal which is used to re¬ 
move the nitric acid, the deeper red the colloidal solution, since the com¬ 
pleteness of the removal of the nitric acid would favor the degree of 
hydrolysis of the ferric nitrate to colloidal ferric hydroxide. 

Experiments are also being carried out to determine whether the nitrates 
or other salts of the metals would behave similarly, or whether the metals 
in the electromotive series could be advantageously employed, as was the 
case with iron and copper salts, to bring about colloidal reactions by pre¬ 
cipitating a metal from its solution by one that is more electropositive. 

CoMMflRciAi. High School, Chemical Laboratory, 

Brooklyn, N. Y. 


THE REDUCTION OF HYDRONITRIC ACID. II. THE STRUC¬ 
TURES OF THE TRINITRIDE RADICLE. 

By J W. Turrentinb. 

Received November 12, 1913. 

It is the purpose of this paper to show that Fisher's interpretation of 
the reaction yielding diazobenzeneimide, on which is based the concep¬ 
tion of the cycloid structure of the trinitride radicle, is erroneous, since 
that reaction in all essentials is an oxidation of hydrazine; that in no in¬ 
stance where the oxidation of hydrazine has been studied has a reaction 
been observed analogous to the one in this case proposed by Fisher. It 
will be maintained that the interpretation of a reaction which is open to 
such doubt can not be taken as a sufficient basis for the structure of a 
compound resulting from this reaction. A new open-chain structure 
will be proposed for the trinitride radicle and evidence adduced from new 
reactions observed in a study of the reduction of hydronitric acid and its 
salts will be brought to bear in support of that structure. 
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Historical. 

Curtius^ first prepared hydronitric acid from its sodium salt, obtainable 
from benzoyltrinitride by saponification with sodium hydroxide. Fisher^ 
had ascribed the cydoid form to the trinitride group of diazobenzeneimide^ 
previously suggested by Kekul 4 ,® from which Curtius logically conduded 

yN 

that the structural formula for free hydronitric acid was H— N\ II • 

Fisher prepared diazobenzeneimide, formerly described by Griess,^ 
by heating phenylnitroso-hydrazine in a dilute solution of potassium 
hydroxide. He expressed the reaction by the equation, 

C6H6.N2H2.NO = CsHb-Nj, + H2O, 

and regarded it merely as a splitting-off of water, or a dehydration. 
Phenylnitroso-hydrazine was prepared from phcnylhydrazine hydro¬ 
chloride by treatment, in cooled solution, with sodium nitrite,* as indicated 
by the equation: 

C6H5.N2H3.HCl + NaN 02 = C6H5.N2H2.NO + NaCl + II2O. 

In hot solution, or in acid solution, the reaction would have gone directly 
to diazobenzeneimide.® Phenylnitrosohydrazinc, therefore, can be re¬ 
garded as an intermediate oxidation product of phenylhydrazine to di¬ 
azobenzeneimide, or of hydrazine to hydronitric acid. Concentrated 
sulfuric acid and a few related reagents are capable of extracting tlie water¬ 
forming elements from compounds, but dilute caustic potash can scarcely 
be so regarded. On the contrary, it is rather a hydrolyzing or saponifying 
agent. The reaction, then, could not have been a splitting-off of water, 
but since water was a product of the reaction through the combination 
of oxygen and hydrogen, it was an oxidation (or reduction). 

Superficially, it would appear that the oxidation was intramolecular. 
It probably is of little moment whether the reaction was intramolecular 
or resulted from the interaction of the saponification or hydrolysis products 
of phenylnitrosohydrazinc. The reaction, it is maintained, is an oxida¬ 
tion of an organic derivative of hydrazine; and it will be shown in the fol¬ 
lowing paragraphs that the oxidation of hydrazine, or its derivative, yields 
ammonia, or its derivative, as an additional oxidation product wherever 
hydronitric acid or its derivative has been produced by that oxidation. 
There is no reason to suppose that this reaction is an exception. 

' Ber,, 23, 3023. 

2 Ann. Chew. {Liebig), 190, 67. 

* Lekrbuch, 3, 230. 

* Ann. {Liebig), 137, 65. 

* Fisher, Loc. cit. 

« Altschult, J. prakt. Chem., [2 ] 54, 496. 
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The Oxidation of Hydrazine. 

Inorganic ,—Due to the researches of Browne and Shetterly on the oxi¬ 
dation of hydrazine^ it now has become possible to classify the reactions 
between hydrazine and the oxidizing agents containing no oxynitrogen 
radicle into three groups: (1) those yielding fairly large amounts of hydro- 
nitric acid and ammonia; (2) those yielding little or no hydronitric acid, 
but large amounts of ammonia, and (3) those yielding little or no hydro¬ 
nitric acid and ammonia.* The main point brought out in this investi¬ 
gation, having a bearing on the present discussion, is that, in every instance 
where hydronitric acid was a product of the oxidation of hydrazine, 
ammonia also was evolved. This work, as well as that of certain others, 
also emphasizes the fact that when hydrazine is oxidized by this class 
of oxidizing agents there is a strong tendency for ammonia to be formed. 
In fact, in every instance where the oxidation of hydrazine is not com¬ 
plete, that is, does not go completely to nitrogen and water, ammonia 
is a product of the reaction. 

In the work of Browne and Shetterly, ammonia was looked for among 
the products of the oxidation by 24 oxidizing agents, and in 23 instances 
it was found to be present. In the 24tli case, the oxidation by mercuric 
chloride, ammonia could not be identified positi\ely. In one other case, 
that of the oxidation by cupric sulfate, ammonia was present only in 
traces. 

The oxidation of hydrazine by oxidizing agents containing tlie oxy- 
nitrogen group, or a group made up of nitrogen united to negative ele¬ 
ments, does not lend itself to .such a satisfactory classification. This, 
probably, in the main, is due to the lack of systematic study of tlie reac¬ 
tions involved. From an examination of the literature of the subject it 
becomes evident that in some cases the same reacting substances have 
given entirely diflerent and even contradictory results in the hands of 
the different investigators. 

Angeli* obtained a precipitate of silver trinitride when he allowed 
silver nitrite, in cold saturated solution, to react with a saturated hydrazine 
sulfate solution. He proposed the following equation to represent the 
reaction: 

H3N.NH2 + NO2H = H2NN : NOH(+ H2O) = NsH + H2O. 

Ammonia appears not to have been looked for among the reaction products. 
Dennsted and Gohlich^ prepared hydronitric acid from hydrazine sulfate 
and potassium nitrite in sulfuric acid solution. The presence of ammonia 

1 This Journal, 29 , 1305 (1907); 30, 53 (1908); 31, 221 (1909); 3i» 783 (1909)- 
, 2 Ibid., 31, 783 {1909); cf. p. 793. 

* Ber., 26 , 885 (1893); AUi accad. d. Lincei Roma, [5] 2 , 1, 569; Chem. Centr,, 1893 , 
n, 559- 

* Chem. Ztg., 21 , 876; Chem. Centr., 1897 , TI, 1073. 
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was not noted among the products of the oxidation. The resulting re¬ 
action is expressed as follows: 

3N2H4.H2SO4 + 6KNO2 + 3H2SO4 = 

3N3H + 8H2O + 6KHSO4 + 2O + 2N2O. 

Tanatar^ oxidized hydrazine with nitrogen trichloride in alkaline solution. 
A gas, supposedly nitrogen, was evolved. The presence or absence of 
ammonia was not mentioned. De Girard and de Saporta® employed 
hydrazine in the determination of copper sulfate and sodium nitrite. 
The following equation is given to represent the reaction taking place 
between hydrazine and sodium nitrite: 

N2H4.H2SO4 + 2NaN02 = N2 + Na2S04 + 2NOH. 

It is not stated that ammonia was looked for. In striking contrast with 
this equation is that proposed by Dennsted and Gohlich, above. In 
both instances the reaction was carried out in acid solution, hydrazine 
sulfate, as is well known, gives an acid reaction. Francke^ records the 
formation of ammonia as the result of the oxidation of hydrazine by nitrous 
acid, and has determined the following equation to be a quantitative ex¬ 
pression of that reaction: 

N2H4 + HNO2 = N2O + NHa + H2O. 

This equation again is in striking contrast with those proposed by Denn¬ 
sted and Gohlich and by de Girard and de Saporta. M. J. Brown* cor¬ 
roborates Francke’s observation relative to the formation of ammonia 
from the action of nitrous acid on hydrazine (potassium nitrite in sulfuric 
acid solution), but notes also that hydronitric acid is produced. Thus, 
practically the same reacting substances, under approximately similar 
conditions, have 3delded four dissimilar sets of results in the hands of 
as many different experimenters. Thiele^ observed the formation of hydro- 
nitric acid as the result of the action of a nitrite on hydrazine in alkaline 
solution. No reference is made in the account of the experiment to the 
simultaneous production of ammonia. 

In every case where it is definitely known that ammonia was looked 
for among the products resulting from the oxidation of hydrazine by the 
class of oxidizing agents under divseussion, ammonia was found. In the 
one case where ammonia was looked for as an additional oxidation product 
to hydronitric acid, ammonia was found. This fact appears significant. 
In the instances cited, ammonia, if not looked for particularly, would 
have escaped the notice of the investigator. Only a negative result to 
a definite test can be taken to mean its absence. However, it is scarcely 

1 Ber., 32 1399 (1899). 

2 Chem, Centr,, 1904, II, 731. 

® Ber., 38, 4102 (1905), 

^ This Journai., 31, 792 (1909); cf. footnote 6. 

* Ber., 41, 2681 (1908). 
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justifiable, in the absence of such tests, to assume the formation of ammonia 
in every case, however grateful to the argument such an assumption would 
be, or however strongly such an assumption might appear to be warranted. 

The oxidation of hydrazine by that class of oxidizing agents containing 
no nitro-group is susceptible of such precise classification, and the reactions 
resulting readily fall into such distinct types, that one is surprised that 
an analogous classification is not possible with the oxidizing agents con¬ 
taining the nitro-group. It is strongly indicated that a full understanding 
of the chemistry involved would make possible such a classification, 
and it is believed that the reaction recorded by M. J. Brown would be 
typical of a group instead of an isolated instance as it now stands. Still, 
other results, at variance with that of Brown might ensue through second¬ 
ary reactions involving the two products of the oxidation, NH3 and HN3, 
causing the elimination of one or the other. On the other hand, it must 
be admitted that a simultaneous oxidation by the oxygen and nitridation 
by the nitrogen of the ox3’’-nitrogen group might induce an entirely differ¬ 
ent order of reaction, one that is in no wise analogous that by the non¬ 
nitrogen ous oxidizing agents. 

Organic .—In the oxidation of organic hydrazines a similar tendency to 
form ammonia, or organic derivatives of ammonia, is exhibited. The 
analogy of the reactions of hydrazine with those of the organic derivatives 
of hydrazine with oxidizing agents has been pointed out by Browne and 
Shetterly.^ Fisher^ obtained benzene and aniline as the products of the 
oxidation of phenyl hydrazine by Fehling’s solution. Curtius® has re¬ 
viewed a number of reactions involving the oxidation of hydrazine, in 
all of which ammonia and hydronitric acid, in the form of their derivatives, 
are formed. Chattaway and Aldridge,^ in the intramolecular oxidation 
(reduction) of organic hydrazines, foimd that (a) a primary hydrazine 
yielded a primary amine, nitrogen and ammonia; (b) an unsymmetrical 
secondary hydrazine yielded a secondary amine, nitrogen and ammonia, 
and ((;) a symmetrical secondary hydrazine yielded a primary amine and 
an azo-compound. In the case of each of the six hydrazines of the various 
types studied, ammonia or a derivative was an invariable product of the 
oxidation. 

Since the work of Chattaway and others has shown that invariably 
the intramolecular oxidation of organic hydrazine derivatives results 
in the formation of ammonia or its derivatives, it is indeed anomalous 
that ammonia was not a product—^if it was not—of the reaction recorded 
by Fisher. To regard the reaction, as one must, as an oxidation of hydrazine, 

1 This Journai., 31, 783 (1909); cf. p. 799. 

* Ann., 190, 67 (1878). 

* Ber., 26, 1263 (1893). 

^ J. Chem. Soc., 99, 100, 404. 
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whether ammonia was formed or not, precludes the acceptance of Fisher’s 
proof of the structure of diazobenzeneimide. To establish the formation 
of ammonia or a derivative in this reaction, would absolutely falsify this 
proof. 

The Derivation of the Chain Structure from Certain Theoretical Con- 

siderations* 

Mendel^eff^ regarded hydronitric acid as theoretically obtainable 
from the secondary ammonium ortho-nitrate by the abstraction of five 
molecules of water. Erdmann^ prepared orthonitric acid and determined 
its composition as N(OH)6 or N2O6.5H2O. The secondary ammonium 
salt would be (NH4)2H3N06. Regarding the oxygen atoms of the ortho¬ 
nitric acid as united to hydrogen to form hydroxyl groups, the structure 
of the secondary ammonium salt could be represented thus: 


H H H 

\l/ 

H~N — O — O — H 



H H II 


In subtracting five molecules of water it should be true that the hydrogen 
atoms united to oxygen to form hydroxyl would remain so united and would 
go to make up a corresponding number of molecules of water. On the 
removal of water, then, there would remain the nuclear pentavalent nitrogen 
united to the nitrogen of the two ammonia groups, to one of which is 
attached the only remaining hydrogen atom, one which originally com¬ 
posed a part of an ammonia group. This hydrogen, with the nitrogen 
to which it is attached, forms an imide group. The result of this dehydra¬ 
tion would have to be represented thus: 


H H H 

Xi/ 

H -O 
H —O 


N 


H 


-o/: 

■o —N<: 
-o\; 


5H2O « H — N = N i 


:n 


H 


giving hydronitric acid a chain structure. 

Mendcl^eff® advanced the suggestion that one of the nitrogen atoms 
of hydronitric acid should be pentavalent and, in attempting to conform 
to the cycloid conception held by Curtius,* proposed the structure, 

^ ‘Trindples of Chemistry/* second edition, i, 267. 
anorg. Chem., 32, 431 (1902). 

* “Principles of Chemistry/* first Eng. Ed., 2, appen. 3, 460; cf. footnote 3, p. 27, 
^ Ber., 23, 3023. 
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H — 1 . Preferring to ascribe the simplest possible valence to nitrogen, 

however, he suggested as more probable the structure, H—N_As 

a further argument in favor of this formula he cited the formation of the 


acid from nitrous oxide, whose structure he regarded as 0_and am¬ 

monia : 


H —N 


+ O 


~N 
— N 


= H —N 


— N 

— N 


+ H2O. 


If nitrous oxide is derivable, however, from primary ammonium ortho¬ 
nitrate, as believed by Mcndel^cff, its structure must be N N ~ O. 
This conclusion inevitably must be reached if the line of reasoning is 
followed which is suggested in the analogous derivation of the structure 
of hydronitric acid from the secondary ammonium orthonitrate. The 
formation of hydronitric acid from nitrous oxide and ammonia, or more 
strictly, the formation of sodium trinitride from nitrous oxide and sodium 
amide, is the basis of the Wislicenus method of preparing hydronitric^ 
acid. The structure indicated by the interaction of these substances, 
therefore, is of special interest as also indicating the open chain structure: 

til_ 

N JEN '0 + h|_N —II - N eeN - N —II + H2O.2 


Of interest in this connection is the discussion of the structure of tri¬ 
methylene, ethylene and hydronitric acid by Armstrong, who first ques¬ 
tioned the validity of Curtius's formula.® Armstrong^ considered the 
determination of the structure .of nitrous oxide® of special importance, 
“as it is one of a group of compounds including trimethylene, ethylene 
and diazoimide, all of which it is the fashion at the present moment to 
formulate as cycloids : 

' Ber.f 25, 2084; cf. also Dennis and Browne, This Journal, 26, 577 U9<^>4)- 

2 In ''designing” structures for compounds, one's ideas arc apt to be formed from 
what one is able to j)roduce on paper ratlier than by what, from deduction, one knows 
must be the conditions and relations existing within the molecule In working out 
the structures supposedly resulting from the hypothetical reactions, for example, of 
Mendcl6eff, one finds one's self attempting to draw structures wherein the oxygen 
atoms may be made to apj^ear in juxtaposition to the hydrogen atoms, and, being 
carried away by this success, is apt to forget that chemical icactions probably take 
place in more than one plane. 

* Cf. also Angcli, Beal. Acccid. dei Lined, 16, II, 790 (1907), 20, I, 623 (191 0 - 

* Chem. News, 67, 153 (1893). 

* Gladstone (7. Chem. Soc., 45, 241) regarded the value obtained by kiveing and 
Dewar for the molecular refraction of nitrous oxide as favoring the view that nitrogen 
in that compound has the low value which it exhibits in nitriles. 
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Ha Ha 

II II 

C — C 0 NH 

\/ /\ /\ 

C « Ih; Ha = C — C = Hj; N « N 

But apparently these is no valid evidence to justify the practice and it is 
in no way necessary to adopt such a practice.” 

Quoting further: “Passing now to nitriles and nitrous oxide, we have 
the most indefinite ideas as to the former: they are conventionally regarded 
as compounds of triad nitrogen, but this practice is but the outcome of 
formal obedience to certain artificial, dogmatic rules of valence, and has 
no real justification. As we must admit the existence of latent affinities 
in CO, which may be written — C — O, we may also admit the possibility 
of their existence in nitrogen and may represent the nitriles as compounds 

of the form: X — C ~ - N —. Nitrous oxide on this assumption would be 

11 

11 

— N — O — N Diazoimide in like manner, might be regarded as 

— N — N— N—, a formula which is implied in MendeMefT’sassumption 

I 

that it is dinitrile,” 

The refractive power of the phenyl derivative of diazoimide was de¬ 
termined by Dr. Perkin, the results of which examination did not indicate 
that diazophenimide was a dinitrile, “nor is it possible to deduce from them 

.N 

any special argument in favor of the formula, Ph—N\ II , the problem, 
in fact, remains unsolved.”^ 

Much evidence is at hand favorable to Armstrong’s idea of the latent 
valence of nitrogen. Nitrogen in ammonia, for example, is commonly 
regarded as trivalent, yet it shows a marked tendency to become penta- 
valent, without displaying any evidence of an oxidation. In fact, it may 
be made to change back and forth from the trivalent to the pentavalent 
form without an oxidation or a reduction. The same is true of both of 
the nitrogen atoms of hydrazine. That of nitric oxide, likewise, unites 
with oxygen to form the peroxide, which immediately polymerizes to a 
double molecule, in which the nitrogen atoms must be represmted as 
pentavalent, as: 

= N = 0; 0 = N = 0; 0«N = o' 

O « N « O 

Kanonikoff* determined the refractivity of the NO2 group through 
measurements applied to picric acid; making allowances for the high dis- 

^ Armstrong, Loc. cit, 

* /. Russ. Phys. Chem. Soc., 1883, 434* 
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persive power of the latter, he concluded that the nitrogen in this group 
was pentatomic, with each of the oxygens united to it by a double bond. 

It would be of distinct interest to see if the nitrogens in the trinitride group 
have the value characteristic of the nitrogen in nitric acid (5.1), or the 
lower value (4.1) of that in the cyanide group. The value for the tri- 
nitride group as now regarded, —N = N ^N, should be (2 X 4.1) + 5.1 = 
13*3; or, the first nitrogen, not occupying the terminal position, might 
have a still different value. 

Before the discussion of the latent valences of nitrogen is concluded, 
it should be pointed out that nitrogen compounds enter into reactions of 
two distinct types, both of which iiivolve a seeming change in valence. 
These are typified by the reaction of ammonia with water, or hydrochloric 
acid, a reversible reaction, and that of nitric acid on hydrazine, the latter 
a true oxidation (and reduction), and irreversible. 

Experimental, 

In a study of the electrochemistry of hydronitric acid and its salts, ^ 
certain anode reactions were observed which were explainable only on the 
basis of the supposition that hydronitric acid, or the trinitride ion, was 
acting as an oxidizing agent. ExceSvSive anode efficiencies were obtained 
simultaneously with an anodic evolution of nitrogen. Ammonia and, 
in one case, hydrazine were found to be present in the solution which 
had undergone electrolysis. When certain reactions, which were supposed 
to be analogous to those hypothesized as taking place at the anode in tri¬ 
nitride solution, were induced chemically,^ it was observed that hydro¬ 
nitric acid was an active oxidizing agent. Cuprous oxide in its presence 
became cupric trinitride, and formed ammonia and free nitrogen as the 
reduction products of the acid radicle. Metallic copper® reacted with 
the acid to become cupric trinitride, with the production of ammonia 
and free nitrogen. 

The further study^ of the free acid as an oxidizing agent established 
the fact that numerous metals lying below magnesium in the electrochem¬ 
ical series dissolved in a dilute aqueous solution of this acid with an evolu¬ 
tion of nitrogen and gave rise to the formation of ammonia or of ammonia 
and hydrazine. This action is of especial importance in view of the 
fact that the literature dealing with the reactions of hydronitric acid 

^ Tiirrentine, This Journal, 33, 803 (igii). 

2 Turrentine and Moore, *‘Tlie Reduction of Hydronitric Acid by Cuprous Oxide/' 
This Journal, 34, 375 (1912). In this connection see '‘The Action of Hydronitric 
Acid on Cuprous Chloride and Metallic Copper,” Ibid,, p. 382. 

8 Turrentine and Moore, Loc, ciL 

^ Turrentine, “The Reduction of Hydronitric Acid. I. A Preliminary Note 
on the Structure of Hydronitric Acid,” This Journal, 34, 385 (1912). 
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H — O — C = N Cyanic acid 
H — N = C = O Isocyanic acid* 

H — S — C = N Thiocyanic add 
H — N = C = S* Isothiocyanic add 


xj/ 


•N — C = N Cyanamidic add 
H — N = N = N Hydronitric add 


Assuming the correctness of the structures here given, it is seen that 
oxygen may occupy any of the three positions and in ozonic add occupies, 
all three at the same time. Sulfur is found in the a-position in thiocyanic 
acid and in the y-position in the isothiocyanic acid. Carbon shows less 
mobility. Nitrogen, finally, is found in the a-position in isothiocyanic 
acid in the y-position in cyanic acid and in the / 3 -position in the fulminates. 
In cyanamides, it occms simultaneously in both the a- and the y-positions. 
In hydronitric acid it appears simultaneously in all three positions. 

Since the announcement by the writer of his conception of the chain 
structure of the trinitride radide, but before its publication in the form of 
a journal article,® Thiele^ announced his derivation of the same structure. 
Thiele’s deductions were based on certain experiments which showed 
that the condensation products of hydrazine with ketones, instead of 

yN —H 

being hydrazi-compounds, RR'C\ , are in fact hydrazones,. 

^N —H 

RR'C=N — N = H2. The oxidation of the latter leads to the formation 
of diazo-compotmds with such ease as to justify the conclusion that the 
hydrazones contain an open chain rather than a ring structure. Other 
arguments are advanced by this author, all of which are attacked by 
Forster,® who fails, however, to bring,to his assistance any experimental 
evidence whatever and bases his arguments entirely on what appear as 
probabilities. 

Franklin, in his interesting work on the ammonia system of adds, bases 
and salts,® frequently has referred to the amides of the respective acids aa 
ammono-acids and has shown that the amides in their relation to ammonia 
are strictly analogous to the adds in their relation to water. In its bearing 

^ The position of the nitrogen in cyanic and isocyanic acids appears to be in some 
doubt. 

^ The structure assigned to mustard oils. 

«Turrentme, Loc, cit. 

44> 2522 (1910- 

* "Structure of the Azoimide Nucletis,” Trans. 8th Intern. Congr. Appl. Chem.^ 
6, 108 (1912). 

• Am. Chem. ax, 8 (1899). 
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on the matter under discussion in the present paper, the following quota¬ 
tion from Franklin^ is of especial interest: 

‘‘More perfect analogs of the aquo acids, however, would be compounds 
•entirely devoid of oxygen, and in which all the functions of oxygen in the 
aquo acids are performed by nitrogen. 

“If, after the familiar manner, acetic acid, carbonic acid, and nitric 
acid, and their anhydrides are assumed to be derived from the normal 
acids of the respective formulas, CH3C(OH)3, C(OH)4, and N(OH)6 
by successive dehydration, the formulas for strictly analogous ammono 
acids and their anammonides may be deduced from the hypothetical 
ammono acids of the formulas, CIl3C(NH2)3, C(NH2)4 and 

“Normal ammono nitric acid and its deammonalion products [are then 
represented] by the formulas 



“The indicated successive dcammonation of nitrogen pentamide is 
^especially interesting in view of the fact that the formula of the final 
product is identical with that recently proposed********for hydronitric 
.acid. The experimental work*****shows very clearly the analogy be¬ 
tween hydronitric acid and nitric acid as acids, respectively, of the ammonia 
and water systems, and proves to a practical certainty the correctness 
•of the formula HN = N = N for hydronitric acid.” 

[Contribution prom tub Rbsbarch Laboratory of Physical Chemistry op the 
Massachusetts Institute op Technology, No. 97.] 

ON THE RELATION BETWEEN THE CONDUCTANCE AND THE 
VISCOSITY OF ELECTROLYTIC SOLUTIONS AND ITS 
BEARING ON THE THEORY OF THESE SOLUTIONS. 

By CRAR1.BS A. Kraus. 

Received October II, 1913. 

I, Introduction.^ 

That the conductance of an electrolytic solution is dependent on its 
irfecosity was first suggested by G. Wiedemann(i)® in 1856. The ex- 

^ **The Organic Acid Amides and their Metallic Derivatives as Acids and Salts 
•ot the Ammonia System of Acids, Bases and Salts/’ Trans. 8th Intern. Congr. Appl. 
' Chem.t 6 f 119 {1912). 

* This investigation was assisted by a grant made to Prof. A. A. Noyes by the 
Carnegie Institution of "Washington. I wish to express my indebtedness for this 
assistance whereby the completion of this work was made possible. 

^ References to earlier papers will be found in the collected list of references at the 
«nd of this paper. 
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periments on which Wiedemann based his conclusions are not decisive 
in the light of our present knowledge; nevertheless, he correctly inferred 
that if the conductance of solutions is a simple function of their viscosity, 
then the conduction process must consist in a migration of carriers through 
the s<ji|pSon under the influence of the impressed potential gradient aJSKi 
against the opposing frictional resistance of the surrounding caolecules. 

Grotian(2) subsequently adduced conclusive evidence connecting the 
conductance with the viscosity of solutions, by showing that the tem¬ 
perature coefficients of conductance and fluidity are practically identical. 
Stephan(3) studied the conductance and viscosity of solutions in mixtures 
of alcohol and water and found that, with increasing dilution, the ratios 
of the products of conductance and viscosity in these mixtures to that 
in pure water approach approximately the same limiting value. He also 
found that for these solutions the temperature coefficients of conductance 
and fluidity are substantially the same. 

The law of the independent motion of the ions was discovered by Kohl- 
rausch(4) as a result of the consideration that in dilute solutions the 
motion of the ions is entirely controlled by the frictional resistance due 
to the solvent. He accounted for the increase in conductance with tem¬ 
perature, by assuming a decrease in the frictional resistance due to the 
solvent as a result of its greater fluidity. Kohlrausch also pointed out 
the important fact that, with increasing temperature, the difference 
in the conducting power of different electrolytes diminishes.^ 

Arrhenius(5) finally established the ionic theory of electrolytic con¬ 
duction on a quantitative basis, and thereafter it was possible to study 
the relation between conductance and viscosity under widely varying 
conditions. Ostwald(6), after having shown that the law of maSs-action 
applies to solutions of the weak acids, attempted to harmonize discrep¬ 
ancies arising between the measured and the calculated conductance 
values of concentrated solutions of but3rric acid in water, by correcting 
the observed conductances in direct proportion to the fluidity change 
of the solution, 

Arrhenius(7) made an extensive investigation of the influence of various 
non-electrolytes on the conductance of electrolytic solutions in watet*^ 
He found that, for a given percentage addition of various non-electro^ 
lytes to solutions of a given electrplyte, the conductance change varied 
being greater for substances of high molecular weight. For a given nofr 
electrolyte, the conductance change was found to vary with the natui^ 
of the dissolved electrolyte, being in most cases greater for electrolytes 
with slow ions. From the results of Arrhenius it appears that, for a given 
viscosity change, the change in conductance is greater the smaller the 
dimensions o;^^e molecules of the added non-electrolyte, and the greater 
' Kohlrausch(4) p, 196. 
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the dimensions of the ions of the dissolved electrolyte. Arrhenius recog¬ 
nized the fact that different ions experience different changes in the re¬ 
sistance to their motion as a result of viscosity change, and he suggested 
that the observed change in the transference numbers of various elec¬ 
trolytes with concentration is due to the specific influence of the accom¬ 
panying viscosity change on the speed of the anion and the cation, respec¬ 
tively. 

In recent years many investigations have been carried out on the rela¬ 
tion between the conductance and the viscosity of solutions. Walden (8) 
has pointed out that for a given electrolyte in various solvents the Ao 
values are very nearly proportional to the fluidities of these solvents. 
Martin and Masson(9), Jones and his associates(io), Fawsitt(ii), Hartley, 
Thomas and Appleby(i2), Green(i3), and others have studied the re¬ 
lation between the conductance of electrolytic solutions containing non- 
electrolytes and the viscosity of these solutions. Bousfield(i4), R. 
Lorenz(i5), Herzog(i6), and others have attempted to apply to solutions 
of electrolytes the laws which have been found to hold between the di¬ 
mensions and the mobilities of colloidal particles in solution. 

Johnston(i7) investigated the relation between the conductance and 
fluidity of dilute aqueous solutions at temperatures as high as 156®, 
employing the conductance data obtained by Noyes(i8) and his associates 
in this laboratory. Johnston fomid that this relation may be expressed 
by the equation: 

Ao = kf. (I) 

When k and p are constants, Ao is the limiting conductance of a given, 
electrolyte at any temperature and / is the fluidity of water at the same 
temperature. Johnston showed that p does not differ greatly from 
unity, ^ generally being less, and that it has a specific value for the individual 
ions. Recently, Washburn (19) has proposed to apply a correction for 
viscosity to the conductance of each ion, assuming that the change in 
speed which an ion experiences, as a result of a given viscosity change 
with concentration, is the same as that which it experiences for the same 
viscosity change due to temperature change. In other words, in making 
corrections for the viscosity effect due to concentration change, he em¬ 
ploys the exponent p of Equation I, determined by Johnston from tem¬ 
perature change. How far this assumption is justified will appear below. 
2« General Considerations. 

It is the purpose of this paper to investigate the conditions under which 
corrections may be applied to conductance values for the influence of 
viscosity and to interpret the results in the light of the ionic theory, 
but, before examining the experimental data, it will be well to inquire 
into the principles underlying viscosity change in order that the data 
^ With the exception of the esse of the hydrogen and hydroxyl ions. 
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may be correctly inteipreted. The slipping of the particles of a fluid 
with respect to one another or the motion of a particle through a collec¬ 
tion of other particles is peculiarly dependent on the relative dimensions 
of the various particles concerned. This is shown by the work of Milli¬ 
kan (20) who investigated the motion of small charged particles of oil 
through air. If the moving particles are small with respect to those of 
the surrounding medium, their speed will undoubtedly be greater than 
would be that of larger particles in the same medium. 

It is evident that, in interpreting the influence of viscosity on conduc¬ 
tance, the relative dimensions of the ions and of the various molecules 
which resist the motion of the ions, are of primary importance. 

Change in viscosity is, in general, brought about in one of three ways, 
namely: first, change in concentration, which may be due either to the 
addition of a new substance or of a larger amount of one already present 
in solution; second, change in pressure; and, third, change in temperature. 

The influence of the viscosity change on the speed of an ion in a solu¬ 
tion will, in general, differ \frith the nature of the process by means of which 
the viscosity change is brought about. I shall consider below, and in 
order, the relation between the change of ionic speed and the change of 
viscosity as it is brought about in the different ways suggested above. 

3« Experimental Material. 

A. Viscosity Change Produced by Concentration Change. 

In many respects the most important case to be considered is that in 
which the viscosity change is due to the electrolyte itself, the speed of 
whose ions are under consideration; for this case arises whenever the 
concentration of a solution approaches normal, and in many cases at much 
smaller concentrations. If we are to determine the concentration of 
the ions at higher concentrations by the conductance method, it is essential 
that the law be known connecting the speed of the ions with the concen¬ 
tration of the solution. It is not obvious that the viscosity factor is the 
only one influencing the speed of the ions as the concentration increases. 
I shall, however, show below that this is the case in some instances. 

The greatest difficulty which it has been necessary to overcome, in 
attacking this problem, has been the lack of a law connecting the con¬ 
ductance and concentration of solutions. As is well known, the law of 
mass action does not apply, even approximately, to solutions of strong 
dectrolytes in water. Other relations than the mass-action law have 
been suggested, notably the law of Storch(22) which may be expressed 
by the following equation: 

{cyY/di -y) ^D. (II) 

Where n and D are constants, c is the concentration and y is the degree 
of ionization, y is determined by the equatidn: 

y = A/Ao. 


(HI) 
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where A is the conductance at concentration c, and A© is the equivalent 
conductance which is approached as the concentration of the solution 
approaches zero. It is obvious that, if the speed of the ions changes, 
the value of A© for each ion must be corrected proportionately. 

It has been found that the law of Storch does not apply strictly in dilute 
solutions, where the viscosity effect is negligible, and, therefore, any 
extrapolation to more concentrated regions is rendered uncertain. It 
has recently been shown by Kraus and Bray (23)^ that, for a large number 
of electrolytes in various solvents, the following equation holds: 

(^ 7 )V^(i “ 7) = D{cyr + (IV) 

where m and K are constants and the other symbols possess the same 
significance as above. At high concentrations K becomes negligible 
in comparison with D(cy)^ and the equation reduces to the form of Equa¬ 
tion II. The wide range of applicability of this equation iustifies its 
application as an extrapolation function to more concentrated solutions. 
The influence of viscosity may then be determined by comparison with 
the extrapolated values from this equation. ^ 

Any arbitrariness in this procedure may be overcome by studying a 
system in which the solution possesses a minimum viscosity. In such 
solutions the viscosity at first decreases with concentration, then in¬ 
creases again, and finally becomes greater than that of the pure solvent. 
The point at which the viscosity of the solution becomes equal to the vis¬ 
cosity of the solvent thus furnishes a reference point, by means of which 
the validity of tlie extrapolation may be checked without any arbitrary 
assumptions.^ 

By way of illustration, the results of such a calculation are given for 
potassium iodide dissolved in water at 0°, in which case the viscosity change 
is very large. The conductance data in concentrated solutions are due 
to Sloan(24). Those in dilute solution are due to Kahlenberg(25). 

The last five of Kahlenberg's values in dilute solutions were employed in 
determining the value of A© for KI. These last five points agree with the 
data of Sloan. They do not, however, agree with the remainder of Kahlen- 
berg's determinations, which appear to be uniformly low. The value 
of A© obtained, and employed throughout these calculations, is 81.12. 
This value is in good agreement with the A© value employed by Washburn 
and Maclnness(26) for KCl, which is 81.0. A small error in A© will not 
affect the extrapolation function in concentrated solutions to a marked 
degree. The experimental data are shown graphically in Fig. 1, where 
values of A are plotted as ordinates and those of log c as abscissas. Sloan*s 
determinations are represented by circles and Kahlenberg’s by crosses. 
It will be observed that in concentrated solutions the conductance curve 
^ See also Kraus and Bray (49). 

* This condition is partially fulfilled in the case of solutions of KI in water. 
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odubits a distinct minimum and maximum. As we shall see bdow, 
this peculiar trend of the curve is due to viscosity change.' 



Fig. I. —^Fluidity and conductance curves for KI in water at o®. 


* Washburn(42, p. 1464) has suggested that the maxima and minima frequently 
observed in the conductance curves of solutions, are due to viscosity change. In the 
case of non-aqueous solutions, in which this phenomenon occurs most frequently, the 
minimum is not due to viscosity change, as has been shown by Kraus and Bray (49). 
Only in the case of aqueous solutions are both the maximum and minimum due to 
viscosity. 


Relative fluidity^ ///« 
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The viscosity data are due to Sprung(27). The fluidity curve of po¬ 
tassium iodide at 0° is represented graphically in Fig. i (Curve C), values 
of ///o being plotted as ordinates, /© being the fluidity at zero concentra¬ 
tion and / the fluidity at concentration c. The lowest temperature at 
which Sprung measured the viscosity of KI was 5®. The values at o® 
were obtained by graphical extrapolation. In Table I the concentration 
c of the solution is given in the first column; A, the conductance, as de¬ 
termined by Sloan and Kahlenberg, is given in the second column; and 
in the third column are given the values of n, the viscosity, as obtained 
by extrapolation. 

Tabi^E I.—Conductance and .Viscosity Data for Potassium Iodide in Water 

AT o® 


c. 

A. 


5 662 

57*30 

0.8330 

5.420 

59.17 

0 8145 

4.818 

64 33 

0.795 

4 218 

65 20 

0.777 

3 623 

67.83 

• 0.765 

3*614 

67.65 

0 765 

3.012 

69 31 

0.763 

2.410 

70 40 

0.777 

1.807 

70.40 

0.809 

1.506 

70.43 

0.831 

1.205 

70.61 

0.856 

0.7528 

70.46 

0.900 

0,6025 

70.65 

0.9185 

0.3772 

70.83 

0 946 

0 3012 

71.56 

0.9565 

0.2410 

72.03 

0.965 

0.1884 

72.36 

0 9725 

0.1280 

73.13 

0 981 

0.09417 

74.13 

0.986 

0.07528 

74.55 

0 989 

0.04706 

75.60 

0 9927 

0.03125 

76.5 

0.995 

0.01563 

77.7 

0.9975 

0.007812 

78 9 

0.9987 

0.003907 

79.4 


0.001953 

79.8 


Since the fluidity of the solutions in question is greater than that of 
pure water, it seemed reasonable to assume that, whatever the mechanism 

to which the fluidity change may be due, 

the ions in their motion will 


not meet with molecules or molecular aggregates that are larger than 
those in pure water. Accordingly, the several conductance values were 
corrected in direct proportion to the viscosity change, each value of A 
being multiplied by the corresponding value of the viscosity ratio 
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These values were then tested by means of the extrapolation Function II 
which is a special case of the more general Function IV as already ex¬ 
plained. Equation II may be written in the form: 

n log (cA) = log [(:(Ao — A)] + log DAo’*'*“^ (V) 

which is the equation of a straight line when log (cA) and log [c(Ao — A)] 
are considered as variables. 

In Fig. 2 this function is plotted for solutions of potaSvSium iodide in 
water at o®, values of log (cA) being plotted as abscissae and values of log 
[c(Ao —A)] as ordinates. The scale, in each case, is indicated on the 
lower and left hand margins, respectively. The circles represent points 
in which the conductance has been corrected for \nscosity, while the 
crosses represent the same points without any viscosity correction. The 
distance between the two series of points gives a fair idea of the extent 
of the viscosity correction, which at its maximum is a little over 30%. 

It is apparent, on inspection, that the circles all lie on a straight line 
and that the points in the more dilute solutions, where the correction 
for viscosity is small or negligible, also follow this line. It is thus demon¬ 
strated that, in the case of solutions of potassium iodide in water, Equa¬ 
tion II, and by consequence also the more general Equation IV, is obeyed 
up to a concentration as high as 5.66 normal, and that the sspeed of the 
ions over this range is a linear function of the fluidity within the limits of 
experimental error. 

In Fig. I, the continuous curve marked J?, passing through the ex¬ 
perimental points, represents the equation 

(cA')'Mo(Ao — a') - D{cK^/KoY-\ 
where D = 2.62, Ao = 81.12, n = 1.51, and A' = Ary/iyo. The branch- 
curve marked A represents the conductance curve of KI on the assumption 
that no change in speed has taken place. The points on Curve B are 
thus obtained by multiplying the conductance values of Curve A by 
the viscosity factor 77/770, 

The agreement between the experimental and the calculated values is 
fully as good as the experimental data lead us to expect. The maximum 
and minimum of the conductance curve are perfectly reproduced in the 
calculated curve. A comparison with the fluidity curve (C), which ap¬ 
pears on the same figure, shows clearly how the minimum and maximum 
result from the peculiar form of the fluidity curve. 

The negative viscosity effect in potassium iodide at o® is the largest 
for which both conductance and viscosity data are available. The cor¬ 
rection has likewise been applied to potassium iodide, ammonium chloride, 
and potassium chloride at 18®,^ all of which give solutions having a vis¬ 
cosity smaller than that of water. In all of these cases tthe agreement 
^ For RCl see Kraus and Bray (49), p. 1407, et seq, ^ 
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with Equation II, after correcting for viscosity in proportion to the vis¬ 
cosity change, is within the limits of experimental error. The viscosity 
correction in these cases is much smaller than it is in the case of potassium 
iodide at o®. 

Solutions of salts whose viscosities are greater than that of water have 
also been investigated. In the case of sodium nitrate, when corrected 
for viscosity in direct proportion to the viscosity change, the resulting 
curve agrees with Equation II as well as could be expected, since the data 
are not very consistent among themselves. In the case of sodium chloride 
and sodium acetate, the corrected conductance is greater than it should 
be according to Equation II. 

The behavior of salts of this type is well illustrated in the case of lithium 
chloride at 0°. The viscosity change for this salt is very great. At 
normal concentration the viscosity of a lithium chloride solution is 12.4% 
greater than that of water^ Up to this concentration the very excellent 
conductance and viscosity measurements of Washburn and Maclnness(26) 
are available. I have, therefore, .selected this salt as a typical example 
whereby to illustrate the relation between conductance and viscosity 
where the latter is larger than that of pure water. 

In Fig. 2, the upper plot represents the Function V for lithium chloride. 
Curve A represents the function before any correction has been applied 
for viscosity. Curve B represents the function after multiplying the 
conductance by the viscosity ratio. It is evident that in the first case the 
deviation from a straight line is due to the influence of viscosity. On the 
other hand, the pronounced departure of Curve B from the experimental 
points shows that the speed of the ions is affected far less than the vis¬ 
cosity of the solution as a whole. For reasons which I shall elucidate 
more fully below, I have constructed a third curve, C, on the assumption 
that the speed of the lithium ion varies in direct proportion to the change 
in tlie fluidity of the solution, but that the speed of the chlorine ion re¬ 
mains unaltered. As may be seen by inspection, the Function II gives 
an excellent straight line when the conductances are corrected in this 
manner. 

At higher concentrations than normal, the correction of the conduc¬ 
tance of one ion alone will not suffice; although even up to 9 normal the 
correction factor is always less than corresponds to the viscosity change 
of the solution. Beyond 9 normal the correction factor again begins to 
decrease rapidly.* In obtaining the results discussed in this paragraph, 
the conductance and viscosity data of Green were employed. Green’s 
conductance data, in dilute solutions, are not entirely satisfactory, and only 

^ This is shown by an increase in the ratio A//, at this point, which is dearly brought 
out in Fig. 5, page 2045 of Green’s paper(i3). The increase in A// beyond 9 normal 
is doubtless due to increasing speed of the ions in consequence of dehydration. 
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a qualitative result can be obtained as to the general trend of the change 
in conductance with viscosity. There is, however, no question as to its 
general character. 

Log (cA) for LiCl. 


OX) o.s 1.0 1.5 2.0 



Fig. 2.—Plots for KI and LiCl in water as 0“. 


Data relating to the conductance and viscosity of non-aqueous solutions 
are very meagre. In the case of ammonia solutions, however, the con¬ 
ductance data of Franklin and Kraus(28), and of Franklin(29) and the 
viscosity measurements of Fitzgerald(3o) make it possible to determine 
the general character of the relationship between conductance and vis¬ 
cosity in the case of this solvent. Kraus and Bray have recently shown 
that Equation IV holds for ammonia solutions within the limits of ex¬ 
perimental error up to concentrations which, in some cases, are above 


Log [e(A. — A) J ftar LiO. 
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normal. In general, this concentration is higher the smaller the molecular 
weight of the electrolyte and the greater the speed of its ions. For po* 
tassium iodide the equation holds to normal concentration. At higher 
concentrations, the conductance values calculated from Equation IV 
are greater than the experimental ones. 

This phenomenon appears to be a very general one and is particularly 
evident in the case of solvents of relatively low dielectric constants, in 
which case the exponent m of Equation IV is greater than unity. When 
m is greater than unity the conductance curve passes through a minimum, 
usually in the neighborhood of i.o to o.io normal concentration, to both 
sides of which the conductance rises. The experimental values, however, 
after passing through the minimum, reach a maximum in the more con¬ 
centrated solutions, after which they continue to decrease indefinitely. 
Franklin and Gibbs(3i) and Franklin(32) have suggested that this final 
drop in the conductance curve, in concentrated solutions, is due to in- 



Fig. 3.—Conductance and fluidity curves for KI in NHi at —33.5®. 


Relative fluidity, ///« 
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creasing viscosity of the solution. In case tn is not greater than unity, 
the conductance curve does not pass through a minimum and a maxi¬ 
mum, but the curve exhibits double curvature, indicating that the same 
factors are operative in this case as in the one in which m is greater than 
unity. 

In Fig. 3 are shown the conductance and fluidity curves for solutions 
of potassium iodide in ammonia. Values of log c are plotted as abscissae 
and values of A as ordinates. The scale is indicated on the lower and 
left hand margins. Curve AB is the conductance curve calculated on 
the assumption that the mobility of the ions does not change with con¬ 
centration. Curve AC is the experimental curve, the various points 
being indicated by circles. Curve AD is the conductance curve, calcu¬ 
lated on the assumption that the mobility of the ions is proportional to 
the fluidity of the solution. The viscosity data are due to Fitzgerald; 
the fluidity curve (F) is shown in the lower portion of Fig. 3, values of the 
relative fluidity, f/fo, being plotted as ordinates and of log c as abscissas. 
The scale of ordinates is indicated on the right hand margin of the figure, 
while the scale of abscissae is the same as that of the conductance curves. 

B. Change in Viscosity and Conductance Due to Added Non-electrolytes^ 

When the viscosity change is brought about by the addition of a non¬ 
electrolyte, a conductance change takes place in the direction of the vis¬ 
cosity change, but in most cases the conductance change is smaller than 
the corresponding viscosity change. The experimental material is very 
incomplete. It is fairly evident, however, that the smaller the molecules 
of the added non-electrolyte and the larger the ions, the more nearly does 
the conductance change in direct proportion to the fluidity change. 

It has been found that, for small additions of non-electrolytes, the re¬ 
lation between conductance and fluidity may be represented by an equa¬ 
tion of the form of Equation I, in which p and k are constants, A© is the 
limiting conductance of the electrolyte in the solution containing the non- 
electrolyte, and / is the fluidity of tlie solution. The less the conductance 
of the electrolyte is influenced by the fluidity change, the smaller will 
be the value of p. Table II, which is reproduced from Green’s paper(i3), 
shows the value of p for various solutions. 

TABhH II.—Change of Conductance of Electrolytes Due to Added Non-Elec¬ 
trolytes. 


Electroljrte. Non-electrolyte. p , 

HCl. Sucrose * 0.55 

KCl. Sucrose o. 70 

LiCl. Sucrose 0.70 

CuSOi. Glycerol 1.0 

NaOH. Carbamide i.o 

KCl. Carbamide x. o 

LiNOa. Pyridine 10-1.3 
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An inspection of the table shows that, in the case of sucrose, tlie con¬ 
ductance of hydrochloride acid is affected much less than that of KCl 
or LiCL In the case of CUSO4, the conductance change is proportional 
to the viscosity change due to the added glycerol. The molecular weight 
of glycerol is much smaller tlian that of sucrose, while the dimensions of 
the Cu"*"^ and SOr” ions are doubtless greater than those of the 
Cr, or ions. Carbamide, with a molecular weight of only 60 , in¬ 
fluences the conductance of both NaOII and KCl in direct proportion 
to the fluidity change. 

C. The Influence of Pressure on Viscosity and Conductance, 

So far as our present knowledge goes, water is the only solvent whose 
viscosity decreases with increasing pressure. The viscosity does not, 
however, continue to decrease indefinitely, but passes through a minimum 
after which it begins to increase rapidly. The minimum lies in the neigh¬ 
borhood of 1000 atmospheres. At higher temperatures the minimum 
becomes less and less pronounced and finally disappears altogether. The 
viscosity-])ressure curve bears a striking resemblance to the viscosity- 
concentration curve of electrolytes which exhibit negative viscosity. 
Tammann^ has shown that certain properties of solutions are comparable 
to the properties of water under pressure. He thus ascribes the influence 
of salts on the properties of water to the influence of internal pressure. 
However, we may look at the phenomenon, tliere can be no doubt that 
the negative viscosity effects, exhibited by water under pressure and by 
aqueous solutions under the influence of an added solute, are due to the 
same kind of molecular changes. 

Tammann(33) has investigated the conductance of solutions of strong 
electrolytes in water under pressure. Some of his results for sodium 
chloride are reproduced in Fig. 4, where values of the relative resistance, 
R/Ro, are plotted as ordinates and the pressures in kilograms per square 
centimeter as abscissae. The continuous curves are drawn to pass through 
these points. The upper curve represents the results at 20° and the lower 
those at 0°. The concentration of the sodium chloride solution was 
o.i normal. It is unlikely that the trend of the conductance-pressure 
curve is materially influenced by change in ionization at this concentra¬ 
tion. The circles represent the fluidity of pure water as determined 
by Cohen (34), the upper points representing the results at 15° and the 
lower those at i respectively. 

It is evident that the conductance curve of the NaCl solution corresponds 
very closely with the fluidity curve of pure water as determined by Cohen, 
coinciding within the limits of experimental error. This result is of 
great importance, since it shows that, while the conductance of a sodium 
chloride solution is affected far less than the viscosity by concentration 
^ Tammann, Eigenschaften der Losungen, Gdttingen, 1906. 
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duage of the electrolyte, the conductance of the same ions is affected 
in proportion to the fluidity by the pressure change. 



O 500 1000 1500 2000 2500 3000 3500 4000 

Pressure (in kg’s/cm’.). 

Fig. 4.—Showing the influence of pressure on conductance and viscosity. 


The important conclusion may, therefore, be drawn that viscosity 
change affects the same ions differently when the viscosity change is brought 
about by different causes. We shall inquire into the nature of this phenome¬ 
non more particularly after having presented the results of the next sec¬ 
tion. 

D. The Influence of Temperature on Conductance and Viscosity. 

As regards the influence of temperature, various electrolytes exhibit 
great uniformity in their behavior, although differing greatly in degree. 
Kohlrausch(35) was the first to point out the relation between the inn r 
conductance and the temperature coefficient of ionic conductance. A 
paper by Johnston has already been mentioned in which he showed that 
the Ao values of different ions may be expressed as a simple exponential 
function (Equation I) of the fluidity* of the pure solvent. The fdlowing 
table gives the values of p for univalent and bivalent ions: 

‘ Kohlrausdi(47) first showed that the conductances of the ions in water follow 
the fluidity curve of water at different temperatures, particularly in the case of the 
larger ions. His conclusions, however, were based on the results for a much smaller 
temperature interval than Johnston’s. 


Relative resistance, R/R, 
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Table III.—^Influence oe Temperature on Ion Conductances. 


Univalent Ions. 

Ion. a". K+. NH4+. NOr. Ag+ Na+ CsHiO* 

p . 0.88 o 887 0.891 0.807 o 949 o 97 i 008 

A. 65.4 64.7 64.4 6i.8 54 o 43 5 34 6 

Bivalent Ions. 

Ion. V1SO4—. VtCtOi—. V*Ba++ i/2Ca++ 

p . 0.944 o 931 O 986 I 008 

A. 68.7 63.8 55.9 52 1 


In Table III, the different ions are arranged in order of decreasing 
conducting power. It will be seen that, in the case of the univalent ions, 
this order corresponds with the order of increasing values of p, with one 
exception in the case of the NOa" ion. The same relation holds for the 
bivalent ons with one exception in the case of the €204“" ion (which, 
however, is probably within the limits of experimental error). It is 
evident that there is an intimate relation between the conductance of 
an ion, and the change of its conductance with fluidity change, due to 
change in temperature. 

Only two of the ions have an expement greater than unity. These 
arc C2H3C)2“ and Ca'*''^. Both of these ions have very low conductance 
values, being, respectively, the final members of the two scries. Wlicther 
the exponent is actually greater than unity is doubtful; for the A© values 
under the best conditions are probably not accurate to more than 2%,^ 
At higher temperatures the values may be expected to be correspondingly 
less certain. As the size of an ion increases, it is probable that, ultimately, 
its speed will become a linear function of the viscosity. That its speed 
should change more rapidly than viscosity docs not seem probable im- 
less the dimensions of the ion change. In order to bring out this relation, 
and to show that it holds at high temperatures as well as at low, the con¬ 
ductances of the different univalent ions have been compared with that 
of the C2H802~ (acetate) ion. Johnston has shown that this ion changes 
its speed proportionally to the fluidity of water. The radios of the con¬ 
ductances of the different ions to that of the C2H3O2’’ ion are givep in 
Table IV and are shown graphically in Fig. 5. Under/' are given values 
of the fluidity divided by the conductance of the C2Hs02“ ion. Since 
the conductance of this ion is proportional to the fluidity of the solvent, 
the ratio of / to the conductance of the acetate ion remains constant and 
independent of temperature. At 306® the conductance of the acetate 
ion was approximated from that of the sodium ion. 

In Fig. 5 the relative conductance of the various ions (with respect 
to the conductance of the acetaSs^ ion) are plotted as ordinates against 
temperatures as abscissae. On the left hand margin, the various curves 
^ Compare Kraus and Bray(49), p. 1410, ei seq. 
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Tabi,b IV.—Inbbuencb of Tbmpbraturh on thb Coptductancb of Various Ions 
Relativb to that of the Acetate Ion. 

Ion. 0.0®. 18®. 25® 50®. 75®. 100®. 128®, 156®. 218®. 306®. 

K”*". 1.99 i 1*83 I 72 1.66 I 58 1.54 1.50 1.32 1.18 

Na"^. 1.28 1.26 1.25 I 22 1.20 I.19 1.19 I.18 I.15 I.II 

NH4”^- T.98 1.86 1.83 1.72 I 66 1.59 1.55 1.52 1.37 1.30 

Ag-^-... . 1.62 1.57 154 1.51 1.49 1.45 143 1.42 1.29 

Cl" . 2 02 T.89 I 85 I 73 1.67 1.59 1.54 I 51 1.32 

NOa". 1.99 I 78 I 73 1*55 1.46 1.37 1-30 1.25 1.21 

. 11.82 908 8.58 695 5 88 4.95 4.23 3.68 2.79 1.82 

OH" . 5.17 4.95 4.71 4.24 3.75 3.38 3.07 2.81 2.08 1.62 

f * . 2.73 2.72 2.73 2.71 2.72 2.71 2.71 2.71 


are marked with the symbols of the ions to which they relate. The curves 
for potassium, ammonium and chloride ions differ so little that they are 
represented by a single curve, that of the ion. The curve for the NOj~ 
*ion is indicated by a broken line. 



Temperature. 

Fig. 5.—Showing relative change in ionic conductances with temperature. 

It will be seen on inspection of the Table and the figure that the fluidity 
curve, /', is a horizontal straight line, and that the C2H8O2’' ion, there¬ 
fore, changes its speed in proportion trf^fhe fluidity change. In the case 
of all the other ions the relative speed decreases with increasing fluidity 
and temperature. The relative decrease in speed is greater, the greater 
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the conductance of the ion, it being greatest for the hydrogen ion and least 
for the sodium ion. The nitrate ion alone is exceptional, in that its relative 
speed decreases far more than that of other ions of the same conducting 
power. 

From a consideration of the above results, we are led to conclude that, 
for very large ions, conductance and fluidity change in direct proportion 
to each other; but that, for ions of smaller dimensions, the speed under¬ 
goes a relatively smaller change than the fluidity of the solvent; and that 
this change is smaller the smaller the ion, i. ^., the larger the original speed 
of the ion. 

4* Discussion, 

A. Nature of the Molecular Changes Occurring in Water, 

The dependence of the phenomena concerned in conductance and 
viscosity on the relative dimensions of the molecules of the solvent and 
of the ions has already been j)ointed out. Before proceeding farther it 
is necessary to consider the molecular state of water itself and the changes 
to which it is subject under various conditions. It is the accepted view 
that water consists not of single but of associated molecules, the complexity 
of which is a function- of the temperature. As is well known, water ex¬ 
hibits a maximum of density in the neighborhood of 4°. This peculiar 
fonn of the density curve is readily explained on tlie assumption that^ 
as the temperature falls, the volume change is the result of two factors:* 
first, a normal contraction, due to a diminution of the distance between 
the various molecules; and, second, an expansion due to an increase 
in the number and complexity of tlie molecular aggregates. The assump¬ 
tion that the aggregates occupy a space larger than that of the simple 
molecules is a logical one, since the density of solid water is much less 
than that of the liquid. These aggregates, which precipitate from solu¬ 
tion—^so to speak—when solidification occurs, are doubtless present in 
water even at high temperatures, although their complexity and their 
number is much decreased. In this connection, it may be recalled that 
in other cases than pure water it has been shown tliat cryvStalline aggre¬ 
gates persist in a liquid at temperatures far above that at which they are 
normally present.^ 

Since the volume of the aggregates is greater than that of the simple 
molecules, it follows, that if water be placed under pressure the percentage 
of aggregates present in water will be less than in pure water under normal 
pressure. 

Now, the viscosity of a liquid is greatly increased by the presence of a 
few large aggregates. This is shown by the fact that the addition of a 
substance of large molecular weight increases the viscosity of a solution 
^ Sutherland (36). 

* Young and Mitchell(37). 
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enormously. Such, for example, is the case when sugar is added to water. 
The viscosity of water at ordinary temperatures is, therefore, for the most 
part due to the presence of highly complex aggregates. If pressure be 
applied to water at a temperature not too far removed from its freezing 
point, the percentage of the aggregates, or the average extent of aggrega¬ 
tion, is reduced thereby. As a result, the fluidity of water is increased 
with increasing pressure and decreasing volume. Of course, if the pressure 
be carried high enough, the viscosity must ultimately increase again, 
because of the reduction of tlie mean distance between the molecules of 
the liquid. At temperatures, far removed from the freezing point where 
the largest aggregates have already disappeared, the viscosity will not be 
reduced by application of pressure. 

Similarly, the cause for the negative viscosity of certain solutions in 
water is, doubtless, the dissociation of the molecular aggregates of the liquid, 
the ones to which the high viscosity of water is due; and it seems highly 
probable that this dissociation is due to an increase of the internal pressure 
on the liquid as suggested by Tammann.' The correspondence of the 
viscosity-pressure curve of water with the viscosity-concentration curve 
of certain electrolytes (Fig. 4), both as to form and to temperature range, 
leaves little room for doubting that the negative viscosity of solutions 
is due to disgregation of the solvent aggregates. 

Even in the case of electrolytes which do not exhibit negative viscosity, 
the disgregation effect enters, but it is combined with an increase in vis¬ 
cosity due to the presence of large ions or im-ionized molecules. The 
resulting effect, therefore, is that initially (f. c., at lower concentrations) 
the viscosity curve rises much less rapidly than it does at higher concen¬ 
trations. 

The foregoing considerations account for the fact that tlie conductance 
<5an be corrected proportionately to the viscosity change in the case of 
electrolytes which exhibit negative viscosity, but not in the case of elec¬ 
trolytes which exhibit a large positive viscosity effect. In the case of 
lithium chloride, for example, the viscosity change is due to the presence 
of very large neutral molecules of the salt and, probably, also to large 
lithium ions. Now, Washbuni(39) has shown that the lithium ioh is 
much more highly hydrated than the cliloride ion. The lithium ion will, 
therefore, experience much greater opposition to its motion tfian the rela- 
Itively small chloride ion. If the difference in the size of the ions is great 
enough, the smaller ion will, in the limit, experience no change whatever 
in resistance to motion; while the larger ion will experience an increased 
resistance, which is directly proportional to the fluidity change. It is 
.obvious that the transference number of the ions will be affected, in this 
case, in correspondence with the change in the speed of the larger ion. 

1 Compare, also Euler(38). 
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There are many experimental observations which bear out this hy- 
T^othesis. According to Denison(40) the relative speed of the anion in 
.’gelatin solutions of SrCU is greater than in pure water. In this case only 
the largest ions undergo any alteration in speed in consequence of the pres- 
*ence of the colloid. In the case of aqueous solutions, those electrolytes 
whose solutions exhibit a marked positive viscosity effect likewise exhibit 
a marked change of their transference numbers with concentration. 
This change corresponds to a smaller relative speed of the more slowly 
moving ion. Thus, w’ith increasing concentration the transference number 
of the lyi*^ ion in LiCl solutions decreases, while in IICl the transference 
number of the Cr ion decreases with concentration. The change in the 
relative speed of the ions is thus opposite in direction to what is to be 
expected on the assumption that the more highly hydrated ion is losing 
its hydrate molecules at higher concentration. On the other hand, if 
we assume that the more highly hydrated ion (the larger ion) experiences 
a greater diminution of speed, owing to the viscosity change, than does 
the smaller ion, the expected change in transference numbers is in agree¬ 
ment with the observed results.^ 

At 1.25 normal the viscosity of pure I/iCl solution is approximately 
1.14 times that of pure water. Assuming that the speed of the Cl" ion 
remains unchanged with increasing viscosity, but that the speed of the 
much larger Li"^ ion decreases in proportion to fluidity, w’^e may calculate 
the transference number of the Li"*" ion at 1.25 normal. Assuming the 
limiting conductance of the Cl" and Li"^ ions to be 65.5 and 33.3, respec¬ 
tively, we have for the transference number of the Li^ ion at 1.25 normal 
the value: 



65*5 + 33-37i-I4 


0.304. 


The transference number of the Li*^ ion at infinite dilution is 0.337. The 
change in transference number of the Li”^ ion as calculated above is smaller 
than the change of the ordinary transference number. This discrepancy 
may be due to the influence of hydration on the transference results. The 
curve C of Fig. 2 has been calculated on the assumption that the lithium 
ion changes its speed in direct proportion to the viscosity change. On 
inspection, it is apparent that a straight line results and that it is in ex¬ 
cellent agreement with the points in the more dilute solutions, where the 
correction for viscosity is either very small or negligible. So far as our 
available data go, the observed change of transference numbers with 

^ The consideration of the influence of viscosity change on the transference dfcmbers 
is greatly complicated, owing to uncertainties as to the influence of hydration on the re¬ 
sults of transference measurements. In the case of transference measurements made 
in the presence of a non-electrolyte uncertainties arise in consequence of the influence 
of the viscosity due to the added non-electrolyte on the speed of the ions. 
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concentration may be accounted for on the hypothesis that the viscosity 
change, due to the presence of large molecules, affects the speed of large 
and small ions in different degree, causing the greater change in the case 
of the larger ion.^ 

It is at once apparent that it is not, in general, possible to correct for 
viscosity except in case the viscosity change is due to small molecules, 
as, for example, in the case of salts with negative viscosity. The changes 
due to hydrostatic pressure can also probably be corrected in this way. 
In other cases it is necessary to correct the conductance of each ion sepa¬ 
rately. From what has been said, it is obvious that the correction will 
be larger, the larger the ion. Washburn(42) suggested applying a vis¬ 
cosity correction in this manner. He assumes that the relation between 
viscosity and conductance for concentration change is the same as for 
temperature change, and employs, for the constant p of Equation I, 
the values for the .several ions determined by Johnston from the change 
of conductance with temperature. It is obvious, from the preceding con¬ 
siderations, that the value of p deduced from temperature change is not 
necessarily applicable to a viscosity change due to some other agency. 
The constant p of Equation I is smaller, the larger the conducting power 
of the ion. Now it is in the case of these ions that we have solutions 
with negative viscosity, where the conductance change is proportional to 
the fluidity change, i, p should be equal to unity as far as the concen¬ 
tration viscosity correction is concerned. On the other hand, in the 
case of a highly hydrated salt, such as LiCl, for example. The correc¬ 
tion to be applied is much smaller than the viscosity ratio. 

It is not possible to account for the change in transference numbers 
by assuming that-the highly hydrated ions break down at higher con¬ 
centrations. For, while it is true that a change in the transference num¬ 
ber with concentration is found only in the case of highly hydrated salts, 
yet the change is always in a direction corresponding to a slowing up of the 
more highly hydrated ion, f. ^., the more slowly moving ion, and it is ob¬ 
vious that if the hydration of the larger ion decreased with increasing con¬ 
centration, its speed would become relatively greater. 

The fact, that the conductance of KI solutions may be corrected in 
direct proportion to the viscosity change up to a concentration of 5.66 
normal, is practically conclusive evidence that the hydration of the K*** 
and I” ions does not change materially with concentration. This is not 
unexpected, since the activity of water in a normal solution is only about 
2% ^ss than that of pure water. 

jB. Change of Ionic Conductance with Temperature, 

One of the most remarkable phenomena in connection with the con¬ 
ductance of aqueous solutions, and one for which no adequate explana- 
* Compare, ArrheniusCy), p. 500, et seq. 
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tion has heretofore been suggested, is the change of the conductance 
of the various ions with temperature. That the ionic conductances of 
the different ions are tending toward an approximately common value 
at higher temperatures was pointed out by Kohlrausch. The work of 
Noyes and his associates, in which the conductances of aqueous solutions 
were measured as high as 306 has shown, beyond a doubt, that the rela¬ 
tion pointed out by Kohlrausch at low temperatures holds equally well 
at high temperatures. The change of conductance with temperature is 
strikingly shown in Fig. 5. Whereas, at 0°, the ratio of the conductance 
of the hydrogen to that of the acetate ion is 10.6,^ at 306° it is only 1.82. 
In other words, at 306°, the speed of the hydrogen ion, relative to that of 
the acetate ion, is less than that of the potassium ion, relative to the 
speed of the acetate ion at 0°. A change of this order can occur only 
as a result of some far-reaching and fundamental change of the conditions 
existing in the immediate neighborhood of the ions. 

Before pursuing this subject farther, it will be well to point out some 
other significant facts. Foremost among these is the fact that the larger 
the ion, i, c., the smaller its conductance, the more nearly does its change 
of conductance with temperature change approach a linear function of 
the fluidity of the solvent.- This is shown in Table IV, and also in Fig. 
5, where the fluidity line /' of the acetate ion is practically a straight, 
horizontal line. 

It is interesting to note, in this connection, that, while the ratios Ao// 
of the conductances of the more rapidly moving ions to the fluidity of 
the solvent in aqueous solutions differ greatly from the same ratios in 
ammonia, the ratios for the slowly moving ions are practically identical. 
Thus, in water the ratio A©// for the acetate ion has the value 0.367. 
The conductance of the acetate ion in ammonia is not known, but, if we 
consider that of the negative ion in cyanacetamide, we find the ratio 
Ao// = 0.346.® 

If the considerations, regarding the relation between viscosity and con¬ 
ductance, in an earlier section of this paper are correct, then the approach 
of the conductance of the different ions toward a common limit at higher 
temperatures can be explained only on the assumption that at higher 
temperature the dimensions of all ions approach a common limit. Now, 
it might be suggested that as the temperature rises the more highly hy¬ 
drated ions break down and thus approach the conducting power of the 
less hydrated ions. This hypothesis, however, is not in agreement with a 
number of important facts. Thus, if the highly solvated ions increased their 

* Johnston’s value for the conductance of the ion gives 11.8. This number 
appears to be somewhat too large. The above value has been approximated from 
Fig. 5* 

* Compare Kohlrausch (47). 

» Kraus and Bray(49), p. 1343. 
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speed as a result of diminution of their dimensions» we should expect tlte 
conductance of these ions to increase more rapidly than in correspondence 
to the fluidity change of water. Such is not the case. The slowest univa¬ 
lent ion for which we have data over a large temperature range, namely 
the acetate ion, experiences a conductance change in exact proportion 
to the fluidity change. Similarly, the sodium ion, whose conductance 
is the smallest next to that of the acetate ion, experiences an increase 
in conductance which is smaller than that of the fluidity, but the higher 
the temperature the more nearly does its conductance change become 
proportional to that of the fluidity of pure water. The same considera¬ 
tions hold for all the other ions without exception, save that the smaller 
the ion, the less does its conductance increase in proportion to the fluidity 
of the solvent. If the phenomenon under consideration were due to a 
decrease in the hydration of the ions, we should expect the conductance 
of the rapidly moving ions to increase in proportion to the fluidity change, 
while the conductance of the larger ions should increase much more rapidly. 
The converse of this is actually true. 

But even were we to deny the force of this argument, there are other 
considerations of equal force which show that the hydration of the ions 
does not decrease with increasing temperature. If we consider a system 
of particles moving in a medium of molecular structure, the speed of the 
particles under a given impressed force will vary inversely as their di¬ 
ameter, according to Stokes' law, provided the particles are large 

comp&red with the dimensions of the molecules of the medium. If, 
now, we were to reduce the dimensions of all the particles, the medium 
remaining the same, a point would ultimately be reached where the speed 
of the smaller particles would increase more rapidly than that of the larger 
particles, and this divergence of the speed of the particles would continue 
until the dimensions of all the particles were small compared to those of the 
molecules of the medium. Now the acetate ion, even assuming it to be 
unhydrated, is large in comparison with a water molecule. At high tem¬ 
peratures the association of water decreases and the acetate ion is rela¬ 
tively larger in comparison. If we were to assume that all the ions lost 
their combined solvent at high temperatures, the difference in the speed 
of the different ions at 306° should be very great. In other words, with 
increasing temperature we should expect the different ions to approach 
limiting values which, instead of being the same for all ions, should differ 
as much as or more than those at lower temperatures. 

It is evident from an examination of the experimental data that the 
different ions are approaching a common limit of conductance; at any 
rate, this is true of ions whose complexity does not exceed that of the 
acetate or nitrate ion. Their dimensions must, therefore, be the same. 
Since they can approach this condition only by adding water moleculesi 
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it follows that, with increasing temperature, the water envelopes, which 
probably surround all ions in aqueous solution, increase, and that the 
ions ultimately are all surrounded by envelopes of the same dimensions. 
This may at first seem an unwarranted assumption, but a careful examina¬ 
tion discloses nothing inconsistent with known facts. If we assume that 
the forces concerned in the hydration of the ions are electrical in their 
origin, it follows that the force acting between a charge and the molecules 
of its surrounding envelope must be relatively independent of tempera¬ 
ture, or even increase with it. For, since the dielectric constant of water 
decreases with increasing temperature, it follows that the field of force 
about a charge increases. If, then, an equilibrium exists between the 
ions and the solvent, the degree of hydration of the ions will increase with 
temperature. Another way of looking at the same phenomenon is to 
consider the solvent as a highly associated liquid. Let us assume that the 
water molecules are added to an ion, not as aggregate.s, but as single 
molecules. At low temperatures, where the association of the liquid 
is high, the number of single w ater molecules present will be relatively small 
and the envelope surrounding an ion will be small. At higher tempera¬ 
tures, however, the association of the solvent decreases, the proportion 
of single molecules increases and the degree of solvation of the ions in¬ 
creases. At low temperature^ only those ions will be highly hydrated 
which exhibit a strong tendency to form solvates in the free salt. At 
high temperatures, however, the purely electrical forces become more 
and more determinative of solvation and consequently all ions approach 
each other in size. 

C, The Hydrogen and Hydroxyl Ions, 

The preceding considerations have a bearing on questions regarding 
the large difference in the speed of the various ions in water. N on- 
aqueous solvents have much smaller dielectric constants and are much 
less associated than water. Therefore, the solvent envelope will, in 
general, be larger and the different ions will approach each other more 
nearly in speed. Because of the high degree of association of water, some 
ions lose their envelopes in a very large measure, the resulting ion becomes 
small in comparison with the solvent molecules and an abnormally high 
speed results. The hydrogen and hydroxyl ions are examples of ions of 
this type. 

It has been a commonly accepted hypothesis that the abnormally high 
speed of the hydrogen and hydroxyl ions bears some relation to the fact 
that these ions result when water itself dissociates.^ Kraus and Bray,^ 
however, have shown that the NH4’^ and the NH2~ ions in ammonia, 
which bear the same relation to ammonia as the and OH~ ions do to 

1 Banned (48). 

* Kraus and Bray (49), pp. 1368-9. 
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water, possess, in ammonia, a conductance far below the average. Further, 
and this is most important, the H”*" and OH" ions in water exhibit ex¬ 
ceptional speed in far smaller degree at high than at low temperature. 
If any relation existed between the abnormally high conductance of these 
ions and the dissociation of water, we should expect these ions to become 
more exceptional as the dissociation of water increases. 

The conception underlying this hypothesis, which seeks to connect the 
high conductance values of and OH~ ions with the dissociation of water, 
embodies some elements of the so-called “Grolthuss Theory,*' accord¬ 
ing to which conductance takes place by an interchange of and OH" 
ions with the water molecules between the electrodes along tlie lines of 
current flow. If this theory were true, we should certainly expect the 
effect to become more pronounced at higher temperatures, which it does not. 

There has been a discrepancy between the values of the transference 
number for the H"^ ion, as determined by conductance and transference 
measurements. The value for the transference number of H"^ in hydro¬ 
chloric acid has, in most cases, been found larger by transference than by 
conductance measurements, even in dilute solutions. Lewis(43) has 
recently cited this intance as showing that the speed of the ions may 
change with concentration, even in relatively dilute solutions. It is, 
of course, obvious that the conductance method can not give correct values 
of the ionization when the transference number changes. The reason 
for the observed changes in transference numbers I have already given. 
In the case of the hydrogen ion, certain circumstances have operated to 
lead to a seeming disagreement. In a recent paper, Kraus and Bray 
have shown that the A© value for KCl, as commonly accepted, is too high 
by several units. ^ This discrepancy is due to the uncertainty in correc¬ 
tion for the conductance of the solvent in dilute solution, and likewise 
to the use of a method of extrapolation for A© which is inapplicable. In 
the case of the acids, these sources of error have not been operative to 
the same extent as in that of the salts. Therefore, the commonly accepted 
value for the conductance of the hydrogen ion is more nearly correct than 
it is for other ions. Kendall(44) has recently determined the conductance 
of the hydrogen ion at 25^ to be 347a). At 18® this gives a value of 312.6. 
If we take for the conductance of the chlorine ion, instead of the value 
65.5, the lower value 64.4 deduced from the A© of KCl as found by Kraus 
and Bray, we obtain for the transference number of the H"^ ion in hydro¬ 
chloric acid the value 0.830. This is in excellent agreement with the value 
obtained by Noyes and Kato(45), in dilute solutions by direct determina¬ 
tion, and also with the results of Drucker(46). Actually, therefore, no 
discrepancy exists, and the transference number of the ions in HCl undergo 
only a small change even up to fairly high concentrations. 

1 P. 1407, et seq, of reference 49. 
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D. Speed of the Ions in Different Solvents. 

If the forces governing the solvation of the ions are electrical rather 
tlian chemical in their origin, we have a ready explanation for the fact, 
that in different solvents the ratio A©// of conductance to fluidity has 
approximately the same value in different solvents. For the electrical 
forces are in all cases approximately the same for different solvent media, 
as well as for different ions. The envelope will, therefore, be large in all 
cases and relatively independent of the nature of the solvent. 

It is interesting to compare the speed of the ordinary ions in water and 
ammonia with that of the ions produced in hexane by radiations. In 
Table V the name of the solvent appears in the first column, that of the 
ion in the second column, the absolute speed, 5 , of the ion X lo^ in the 
third column, the fluidity / in the fourth column, and in the last column 
the ratio S/f X lo®. The values in hexane are due to JafT^(2i). 


TaB 1 .K V.-SpIv 1 : 1 > of ]f)NS IN Diffkkknt Solvicnts. 


Solvent 

lull 

.S X io< 

/. 

S/f X 10 *. 

TIoO 

Acetate 

3 5^ 

95 35 

3 76 

NHj 

Lithium 

11 60 

379 

3 t>5 

Hexane 

Positive 

6 03 

312 

1 98 

Hexane.. 

Negative 

4 17 

312 

1.34 


The speed of the positive and negative ions produced by radiations 
of radioactive substances in hexane is, therefore, a little less, relative to 
fluidity, than that of the slowest ions in ammonia or water. Since these 
ions in ammonia and water are ver\’^ large, it follows that a single charge 
in hexane must be combined with a considerable number of solvent mole¬ 
cules. 

E. Non-aqueous Solutions. 

Examination of Fig. 3 shows that the mobility of the ions in ammonia 
changes less than the fluidity of the solvent. This is not surprising, since 
both the and ions in ammonia possess relatively high mobilities. In 
this connection, it is of importance to note that the viscosity change due 
to the presence of the salt is enormously greater for non-aqueous solvents 
than for water. This is illustrated in Table VI. 


Table VI. —^Viscosity of Soi#tions in Different Solvents. 

Relative viscosity at concentration. 


Solvent. 

Solute. 

0 . 5 . 

I 0 . 

2 5 

Water. 

. LiCl 

1.05 

I . TO 

I 42 

Ammonia. 

. KI 

I 16 

I 3H 

2 38 

Methylamine. 

. AgNOa 

1.40 

I 96 

6 38 


In the first column appears the name of the solvent, in the second the 
name of the solute, and in the third, fourth and fifth columns, respectively, 
the relative viscosities of the solutions at 0.5, i.o and 2.5 normal. As 
aqueous solutions go, the viscosity of lithium chloride solutions is very 
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large. Yet, as is apparent from the table, the viscosity of KI in ammonia 
is enormously greater than that of LiCl in water. Values are also given 
for the viscosity of solutions of AgNOg in methylamine. As may be seen, 
the viscosity of silver nitrate solutions in methylamine is far greater than 
that of KI in ammonia. The viscosities of other inorganic salts, in am¬ 
monia and methylamine, do not differ greatly from those of the salts 
given in the table.^ 

According to considerations already set forth in this paper, the rela¬ 
tive dimensions of the ions and solvent molecules do not differ greatly 
in different solvents; although in water at low temperatures the ions are, 
relatively, somewhat smaller than in the solvents. It follows, therefore, 
that the viscosity change in ammonia solutions is due to molecules which 
are relatively very large. IVobably the viscosity change is due to molecules 
of the un-ionized salt associated with a large number of solvent molecules.^ 
If this is the case, then we should expect the speed of the ions in ammonia 
to be affected less, due to concentration change, than in water. This 
explains why Equation IV holds for non-aqueous solvents to such high 
concentrations, as Kraus and Bray have shown. The tendency of the 
dissolved salt to form large aggregates with the solvent apparently in¬ 
creases with decreasing dielectric constant. In non-aqueous solvents, 
then, we can not hope to apply a correction for the viscosity of the solvent. 
On the other hand, we are justified in assuming that no correction is neces¬ 
sary so long as Equation IV holds. The fall in the conductance curves 
of concentrated non-aqueous solutions, with increasing concentrations, 
is undoubtedly due to the influence of the increasing viscosity of the solu¬ 
tions. 

F. 'The Calculation of Molecular Dimensions. 

A number of writers have attempted to determine the dimensions of 
ions and dissolved molecules from conductance and diffusion experi¬ 
ments. The equations which are employed for this purpose involve a 
knowledge of the molecular weight or the density of the particles in ques¬ 
tion. For this purpose the densities of the salts in the solid or liquid state 
have been employed. In the light of the present investigation, it is ob¬ 
vious that we have no knowledge of the density of the ions or of dissolved 
substances, in general; nor do we possess a knowledge of their molecular 
weights save in a few instances. Calculations of this kind are entirely 
futile and their results are misleading. 

G, Deviation from the Mass-Action Law and Change of Ionic Mobilities, 

One of the important problems confronting the further development 
of the theory of electrolytic solutions is the question whether the conduc- 

1 Fitzgerald (30). 

»It is to be noted that in solvents of lower dielectric constant, the proportioti of 
un-ionized molecules is relatively much greater than in water. 
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tance method gives a correct measure of the ionization in dilute solutions, 
i, e., where viscosity and other similar effects are negligible. As is well 
known, the ionization values, as calculated from conductance data, do 
not satisfy the law of mass action. This may be due to the fact that the 
mobility of the ions is not independent of the concentration, as was first 
pointed out by Ostwald. There has been much controversy regarding 
the applicability of the conductance method as a measure of ionization 
without, however, leading to any definite results. In a recent paper, 
Lewis(43) reverts to this question and suggests that in aqueous solution the 
mobility of the ions is a function of concentration, but he makes a reserva¬ 
tion to the effect that in other solutions, particularly non-aqueous solu¬ 
tions, it may be necessary to make the additional hypothesis that a real 
deviation from the mass-action law exists. 

The results of the present paper have an important bearing on this 
question, for it has been shown that solutions in water obey Equation 
II, which is a special case of Equation IV, to concentrations greater than 
5.0 normal. Now, Kraus and Bray(49) have shown that this equation 
is quantitatively applicable to all non-aqueous solutions for which accurate 
data are available. It is clear, therefore, that the nature of the deviation 
of the actjial conductance curve from that required by the mass-action 
law is precisely the same whether the solutions be aqueous or non-aqueous. 
Any explanation for the observed discrepancies must, therefore, be gener¬ 
ally applicable to all solvents without exceptions, otherwise it must fall 
to the ground. 

If the mass-action law holds at high concentrations, then Equation 
IV expresses the relation between the change of ionic mobility and con¬ 
centration. On this hypothesis it is evident tliat according to equation 
IV the mobilities of both ions change with concentration in exactly the 
same manner. For, in Equation IV, A©, the sum of the ionic conductances 
enters, and not the individual ioni^ conductances. When combined with 
a given positive ion, M’^, for example, the negative ion X“ follows the 
same law of change of speed as the ion When however, the ion X“ 

is combined with anotlier positive ion Mi'*', it follows an entirely nevv’ law 
of conductance change which, in this case, is the same for Mi"*" and X”; 
for the constants of Equation IV for the two salts MX and MiX will, in 
general, be different and this difference is often large. If we grant tlie 
correctness of the law of the independent motion of the ions, then it is 
obvious that the hypothesis which assumes the mobility of the ions to 
change with concentration becomes untenable. 

Other considerations, also, go to show that the hypothesis of increasing 
ionic mobilities is incorrect. If the speed of the ions increases with in¬ 
creasing concentration, then this increase in speed can only be ascribed 
to a diminution in the size of the ions; for the increase in speed can not be 



62 


CHARtBS A. KRAUS. 


due to increased fluidity, since the fluidity in general decreases and ulti¬ 
mately reduces the speed of the ions, as has been shown above. Now 
the increase in speed which would have to be assumed in certain non- 
aqueous solutions is as much as looo-fold. A diminution of the dimensions 
of the ions of a magnitude sufficient to account for this order of change 
in speed is too improbable to warrant serious consideration. Even if 
we were to grant that such change in dimensions took place, we would 
only meet with another inconsistency, since, if the dimensions of the ions 
were reduced to this extent, their motion should become practically inde¬ 
pendent of the viscosity of the solution, which is manifestly due to the 
presence of large molecules or aggregate. We have seen, however, that 
in all cases in concentrated solutions, the conductance ultimately de¬ 
creases with increasing concentration, as a result of increasing viscosity. 
Finally, it should be noted that, although a large number of electrolytes 
have been investigated in many different solvents, no case has ever been 
discovered where the ratio A/A© exceeds unity in concentrated solutions. 
If the mobility of the ions increases with concentration, we might well 
expect to find, at least, some instances in which the speed increases to such 
extent that the ratio A/A© exceeded unity. This would indeed be a crucial 
test in favor of the hypothesis in question. 

One other point remains to be considered; the mobility of the ions may 
remain unaltered with concentration change, the deviation from the law of 
mass action being due to the superposition on the normal ionic conduc¬ 
tion process of another type of conduction which, for example, might be 
of the nature of a “Grotthuss chain” effect. Whatever the nature of such 
a process might be, it must manifestly be ionic in character, since, at the 
electrodes, Faraday’s laws hold for the electrochemical change accompany¬ 
ing the current. That the solvent itself takes any direct part in the con¬ 
duction process is extremely unlikely; fdr the deviation from the law of 
mass action is not a function of tlie chemical properties of the solvent, 
but rather of its physical properties, the dielectric constant in particular. 
We thus find deviations of tlie .same order of magnitude in solvents having 
the same dielectric constant; whether the solvent be elementary in its 
nature, or whether a compound, whether the solvent be readily dissociable 
into ions, or whether it be a compound which is entirely neutral in its 
properties. The deviation, moreover, is a direct function not of the con¬ 
centration of the un-ionized fraction, but of the ions. The observed 
results can not, therefore, be explained by means of a '‘Grotthuss chain” 
effect through the im-ionized molecules. 

As we have seen, the hypotheses which seek to account for the devia¬ 
tions from the mass-action law by assuming that the ratio A/A© does not 
give the correct degree of ionization lead to conclusions which are not 
in accord with the facts. In contrast to these, the hypothesis, that the 
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ratio A/Ao gives the correct ionization, accounts for all the known facts 
in a simple manner and without conflict with any theoretical principle. 
In dilute solutions, as Kraus and Bray have shown, the mass-action 
law applies in all cases. That deviations from the mass-action law should 
arise at higher concentrations is a result which was to have been expected, 
since the applicability of this law postulates that the forces acting between 
molecules of different species or of the same species are negligible. That 
large forces come into play in the neighborhood of the ions is evidenced 
by the extent to which the ions are surrounded with solvent molecules. 
There is no coUvSideration wdiich, at the present time, would enable us to 
predict at what concentration the forces between the individual particles 
of an electrolytic system become negligible. The assumption that these 
disturbing forces would begin to become negligible in the neighborhood 
of o.i normal concentration as they do in non-electrolytic systems is en¬ 
tirely unwarranted. The only means we now have for determining at 
what concentration the disturbing forces between the particles become 
negligible is that of direct experiment. The results of such experiments have 
shown that the influence of tlie forces between the particles in an elec¬ 
trolytic system is, in most cases, appreciable even beyond a concentra¬ 
tion of 0.001 normal, and that, as was to have been expected, the devia¬ 
tion from tlie mass-action law is, in general, smaller the higher the dielec¬ 
tric constant of the medium. The original assumption of Arrhenius that 
the ratio A/A© measures the true degree of ionization is borne out by the 
facts; and the future problem of the theory of electrolytic solutions is to 
develop an adequate theory for the equilibrium of charged systems. 

S. Summary. 

The general principles governing conductance as a function of viscosity 
change are discussed. 

It is shown that in the case of aqueous solutions exhibiting negative 
viscosity, the conductance may be corrected for viscosity in direct pro¬ 
portion to the fluidity change. The same is probabl}' true for viscosity 
change due to external pressure. 

In the case of aqueous solutions exhibiting a positive viscosity, I'orrec- 
tion for viscosity can not in general be made, although in some instances, 
correction may perhaps be effected by considering the influence of vis¬ 
cosity on the individual ions. 

The change in the true transference numbers of electrolytes with con¬ 
centration is due to the different effect of viscosity on the speed of the two 
ions. 

The viscosity change due to concentration change in non-aqueous 
solutions is positive and much greater than it is in water for inorganic 
electrolytes. The speed of the ions in non-aqueous solutions changes 
far less than the fluidity of the solutions, although at high concentrations 
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a marked influence results. Correction for viscosity, so far, is not possi¬ 
ble in these cases, and up to normal concentration a correction is in many 
cases unnecessary. 

The influence of viscosity on the speed of the ions is governed by the 
relative dimensions of the ions and the molecules to S^hich viscosity change 
is due. The characteristic relations observed in the case of aqueous solu¬ 
tions are due, in part at least, to the complexity of the molecules of liquid 
water. 

At higher temperatures the speeds of different ions in aqueous solutions 
approach, approximately, a common limit, indicating that the ions, under 
these conditions, are approaching one another in size. 

It is shown that the dimensional changes observed can not be accounted 
for on the assumption that the larger ions become smaller at higher tempera¬ 
tures; and it is suggested that the smaller ions increase in size (due to in¬ 
creasing hydration) with increasing temperature. This increase in di¬ 
mensions is due to the decrease in the value of the dielectric constant with 
increasing temperature and probably also to decreasing complexity of 
the water molecules. 

It is shown that the commonly accepted hypothesis, according to which 
the high speed of the hydrogen and hydroxyl ion is related to the fact 
that these ions are ions of the solvent itself, is not true. 

The facts discussed in this paper corroborate the fundamental hypothesis 
of Arrhenius that the degree of ionization of electrolytes is correctly meas¬ 
ured by the conductance ratio, A/A©. 
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CALIBRATION TABLES FOR COPPER-CONSTANTAN AND PLATI- 
NUM-PLATINRHODIUM THERMOELEMENTS. 

By L. H. Adams. 

Received November I, 1913 . 

In view of the fact that chemists are making more and more extensive 
use of thermoelements as a means of measuring high temperatures, it 
seemed desirable to present two tables which save much trouble in con¬ 
verting microvolts into degrees. Nothing will be said here as to the pre¬ 
caution^ to be observed in the use of thermoelements,^ further than that 
•experience has shown the necessity of frequent recalibration in order to 
insure trustworthy results. The experimental work required for such 
a calibration involves comparatively little time or labor, but interpolation 
between the fixed points can be accomplished accurately only by means 
-of an empirical equation expressing the relation between electromotive 
force and temperature, and repeated recalculation of such an equation 

1 These precautions have been discussed by W. P. White, Physic. Rev., 23, 449 
<<1906); Am. J. Sci., [4] 28, 479 (1909). 
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may prove a somewhat tiresome task. This may be avoided by the use- 
of a table representing a standard curve in conjunction with an appro¬ 
priate “deviation curve*'; the advantages of this procedure have already 
been pointed out by Sosman.' Such standard curves are arbitrary, but 
it is always advisable, for the sake of accuracy, that they represent closely 
the actual form of curve characteristic of the thermoelement, so that the 
deviations may be as small as possible. 

Standard curves for use with platinum-platinrhodium^ and copper- 
constantan® elements have been given in previous publications; but they 
now require amendment. Certain changes in the accepted temperature 
scale below 650® have necessitated a recalculation for the curve for the 
Pt-PtRh couple; and the superior qualities of the kind of constantan wire, 
which we have lately succeeded in obtaining, made it desirable to construct 
for copper-constantan elements a new table which should conform more 
closely to tlie actual observations with that kind of wire. 

The Copper-constantan Curve .—(Table I.) The curve given in Table 
I represents very closely the observations for a sample of “Ideal** wire.^* 
This wire is of such uniformity—a characteristic which is very desirable— 
that three lengths cut from the same spool did not differ in electromotive 
force against copper by as much as i part in 15,000. 

The table was calculated from the equation 

E = 74.672/ — 13892 (i — 

E being the electromotive force in microvolts, t the temperature (Centigrade)^ 
and e the base of the natural logarithms. The advantages of this form of 
equation, as compared with the ordinary power series, have been indicated 
in another paper;® that it is capable of reproducing the observations 
with high precision is evident from the following: 


Temp. 

E (obs.) 
Microvolts. 

E (calc.) 
Microvolts. 

Difference. 

Microvolts.* 

24.30 

961.1 

960.9 

0.2 

49-59 

2010.9 

2010.8 

0.1 

78.75 

2391.7 

3291.4 

0.3 

100.0 

4276. 

( 4276) • 

. . . 

217.95 

10248 

(10248) • 

. . . 

305.9 

15203. 

(15203) • 



1 R. B. Sosman, Am, J. Sci., [4] 30, 7 (1910). 

^Jhid., [4] 30, 9 (1910). 

* L. H. Adams and J. Johnston, Am, J. Sci., [4] 32, 534 (1912). 

^ Practically identical with constantan. Obtainable from the Electrical Alloys 
Co., Morristown, N. J.; size No. 30 B. & S., double silk-covered, is perhaps the most 
convenient. 

* L. H. Adams, J. Wash. Acad., 3, 469 (1913). 

• 1 microvolt coiresponds in this case to about 0.02 

• Used in computing the equation. 
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The Pt-PiRh Curve. —(Table II.) For this element it proved impossible 
to find a single equation, with a reasonable number of constants, which 
would adequately express the relation between temperature and electro¬ 
motive force over the whole range between 0° and 1755°, the melting point 
of platinum; a circumstance which is hardly surprising, in view of tlie magni¬ 
tude of the range. Accordingly, the curve given in Table II was calculated 
in three overlapping sections: 0-400°, 300-1200°, 1100-1755°. The first 
section was computed from an exponential equation of the form, 

E = At + B(i—e^‘); 
tlie second from the equation,^ 

E = —308 + 8.2294^ + 0.001649^2. 

.and the third by inverting the table of Sosman* so that the argument is 
in microvolts and not degrees. That this procedure introduced in this 
•case no discontinuities in the slope of the curve at the points of transition 
from one section to another, was established by the identity of the results 
•calculated in both ways for the overlapping portions. Any slight inequali¬ 
ties were evened out by adjustment of the successive differences. 

Remarks. —It is understood, of course, that the cold junction is main¬ 
tained at 0°, which is most conveniently done by means of a mixture of 
ice and water contained in a vacuum-jacketed flask; if the cold junction 
is not at 0°, corrections similar to those given in the table by Foote must 
be applied.^ 

The standard temperatures employed are based mainly upon the series 
•of gas thermometer determinations made by Day and Sosman;^ this 
•scale does not differ materially from that advocated by the Bureau of 
.'Standards® or from that now in use at the Reichsanstalt up to iioo°,® 
.and it is little likely to undergo any marked change for some time to come. 
The tables give temperatures (on the thermodynamic scale) and tempera¬ 
ture differences for each 100 microvolts up to the limit of usefulness of 
•each thermoelement; this form of table is more troublcvsome to calculate 
but is much more convenient to UvSe. The last digit in each temperature 
value is given mainly for purposes of interpolation; otherwise it is meaning- 

^ A. L. Day and R. B. Sosman, Am, J. Set., [4] 33, 528 (1912); Ann, Physik, 38, 
*863 (1912). 

* R. B. Sosman, Am. J. Set., [4] 30, 9 (1910); Carnegie Inst, Wash,, Pub. 157, 118. 

* P. D. Foote, Met. Chem. Eng., ii 329 (1913). 

* Arthur L. Day and R. B. Sosman, Am. J Sci., [4] 29, 93-161 (19m); 33, siy- 
533 (i9'i2); '‘High Temperature Gas Thermometry,” Carnegie Inst Wash., Pub. 157; 
Jour. Physique, [5] 2, 727, 831, 899 (1912). 

^ O. Report 8 th Intern, Congr. Appl. Chem., 22, 53“63; J. chim. 

phys., II, 529 (1913). 

® It should be remarked, however, that the official calibrations issued by the 
Reichsanstalt are, so far as we know, still based on their old temperature scale, which 
;at 1000" leads to temperature values about 1.5® higher than those given here. 
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use in conjunction with a deviation curve determined by calibration of the 
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less except at the lower end of the scale. Similarly, in the list of fixed 
points given at the foot of Table II, the magnitude of the uncertainty in 
the temperature scale is such that the temperatures above looo® may be 
rounded off to the nearest degree. 

The reference curves given in Tables I and II are intended for use in 
conjunction with the appropriate deviation curve. This correction curve 
is determined for each element by calibration at several of the fixed points 
—^preferably three or more—^given at the foot of each table; whence it is 
simply constructed by plotting' AE as ordinate (AE = E observed — E 
standard) against Eo^s as abscissa, and joining up the various points. 
Then in order to obtain the temperatures corresponding to the electro¬ 
motive force reading indicated by the element, the appropriate value of 
AE (as obtained from its deviation curve by inspection) is subtracted 
algebraically from the observed value of E before the latter is converted 
into degrees by means of the table. There need be no apprehension of 
error in the use of this method even with deviations of as much as loo 
microvolts; especially if sufficient calibration points be taken within the 
specific temperature range, and if the deviation curve so obtained does 
not depart too far from a straight line. 

It should be borne in mind that neither of these tables has an absolute 
significance; it represents merely an arbitrary reference curve which is 
substantially the mean of the three elements (E, F, G) used by Day and 
Sosman as standards; for the curve does not differ from the average reading 
of these elements by more than i microvolt, except at the somewhat less 
certain nickel point, where the divergence amounts to 5 microvolts. 

GBOPHYSICAI. I.ABORATORY, 

Carnbqxb Institution op Washington, 

Washington, D. C. 


NOTE. 

An Electrical Contact Vapor-Pressure Thermoregulator. — The change 
in the pressure of a saturated vapor with change in temperature 
has been made use of by various investigators as a means of 
automatic temperature control. Andreae^ devised a thermoregulator 
in which a small quantity of some volatile liquid, such as ether, alcohol, 
or water, was utilized to increase the change of pressure per degree of a 
suitably enclosed volume of air or other gas. Lothar Meyer® mode use 
of the same principle. Benoit^ described a thermoregulator similar 
to the foregoing, with certain mechanical improvements. Kahlbaum® 

1 It is obvious that the required accuracy is secured by plotting on a small scale; 
a sheet of codrdinate paper 20 X 20 cm. is ample. 

2 Wied, Annalen, 4, 614. 

« Ber,t 16, 1088 (1883). 

^ Wied, Beiblu 4, 296. 

* Ber ., Z9f 28^ (1886). 
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first devised a regulator depending only upon the vapor pressure of a 
saturated vapor, without the additional pressure of air or other gas. In 
all of the above devices the change of vapor pressure, or combined air and 
vapor pressure, regulated the rate of flow of the gas used in heating the air 
or water bath. 

Recently Esclangon^ has described a saturated vapor thermoregulator 
in which the increase in vapor pressure with temperature rise causes a 
movement of mercury in a circular tube, pivoted so as to rotate about its 
center. This movement of mercury destroys the equilibrium of the 
balanced system by displacing its center of gravity, causing the tube to 
rotate sufficiently to make and break an external electrical contact. 
This apparatus is obviously unsuited for the temperature control of a 
water bath in which the water is being vigorously stirred. 

The form of vapor-pressure thermoregulator herein described is 
essentially an upright U-tube closed at both extremities. One side of 
the tube contains a volatile liquid vrhose boiling point lies near the de¬ 
sired temperature of the bath. Above the liquid is its saturated vapor 
with or witliout admixture of air or other gas. The pressure exerted by 
the vapor, or the vapor and gas, supports a mercury column, which makes 
and breaks an electrical contact on the other side of the U-tube. This 
contact is made in an atmosphere of carbon dioxide. 

The use of air, in addition to the saturated vapor, influences the accuracy 
of the thermoregulator in several ways, (i) It augments by approxi¬ 
mately one-tenth the pressure-increase per degree rise in temperature, 
when the air has atmospheric density. (2) It decreases tlie rate of 
evaporation of the liquid due to a temperature rise. (3) It increases both 
the specific heat and the thermal conductivity, two effects which tend to 
neutralize each other. The author has not attempted to investigate those 
conditions which correspond to a maximum pressure-increase per degree 
change in the temperature of the bath per second. However, it is prob¬ 
able that the use of a gas in addition to the saturated vapor increases 
slightly the sensitiveness of the apparatus. 

An electrical contact thermoregulator, utilizing the pressure of saturated 
ether vapor, has been in use for some time in this laboratory. It has 
kept the temperature of a water bath of 350 liters capacity at 30° with 
an accuracy of from 0,01 ° to 0.005® for several days at a time, the room 
temperature being subject to the usual variations of the average labora¬ 
tory. The bath is made of galvanized sheet iron, surrounded by i-inch 
pine boards. During the warm weather no cover was used for the bath. 
During the colder weather, a cover of plate glass, in three pieces for con¬ 
venience in handling, has been used. The heat is supplied by ordinary 
carbon filament incandescent lamps, and the bath is stirred by a 1/30 
^ CompL rend ., 156,1667-70 (1913). 
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horse-power motor. The resistance in series with the motor consists of 
two loo watt lamps in parallel, and these are dipped into the bath. Thus 
this source of heat is utilized. Two dry batteries operate the hdating 
circuit through the thermoregulator and a 150 ohm relay. The Inside 
dimensions of the bath are: depth, 70 cm.; width, 70 cm.; length, 80 ton. 

In all cases where there has been a noticeable variation of tempetuture 
beyond the limits above mentioned, it has been due to failure of the relay 
to operate, caused by the contacts partially fusing together, or else to an 
insufficient heat supply, following a sudden drop in external temperature. 
As is usually the custom, a certain number of lamps are shunted around the 
.. f. relay so as to provide a constant amount 

j.»4i of iicat sufficient to keep the water bath 

near to the desired temperature. The 
^ remainder of the lamps operate through 

the relay and provide a variable amount 
of heat, depending on the external flue- 
-CO. tuations of temperature. 

When no cover is used, and when the 
room temperature varied between 27® 
and 30°, one 60 watt lamp has been 
I ■ Pt Wtre found to furnish sufficient heat, in addi- 

H tion to the lamps used as resistance for 

^ H the motor. When a cover is used, and 

^ H when the room temperature varies be- 

H tween 18° and 23°, one loo watt lamp 

H ^ - and one 60 watt lamp are necessary, be- 

llvre sides the motor-resistance lamps. In the 

latter case, the 100 watt lamp can be 
H shunted around the relay. These sped- 

■ m^s fications are only approximate, but will 

H H serve to give some idea of the heat re- 

W W quirement of the bath described above.^ 

The thermoregulator, as actually con- 
jT structed, is shown in the accompanying 

U A figure. L is the liquid, above which is 

the satmated vapor; A is a three-way 
stopcock; B is a stopcock. As can be 
seen at once, air is here used in addition 
^ ^ to the saturated ether vapor, the partial 

1 pressure of the former amounting to a]|:>0Ut 

^^The author, since the preparation of this article, has reduced the heat require¬ 
ment about 50% by the use of double-walls for the bath. The i-inch space between 
the walls is filled with sawdust. 


1 U 3 
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28 cm. of mercury at 30®. The pressure of the saturated ether vapor at 
30® amounts to 63.6 cm. The carbon dioxide present in the other arm 
of the apparatus is at approximately atmospheric pressure. 

To prepare for operation, the apparatus is first carefully cleaned and 
dried. It is then inverted, and pure, dry ether, or other liquid, is poured, 
by means of the lower outlet tube, into the proper arm until it contains 
several cc. Air is expelled at this time, if so desired, by gently warming 
the liquid. A is then turned until connection is made with the other 
arm of the U-tube; B is closed. Mercury, carefully freed from all im¬ 
purities, including moisture, is poured into this side of the U-tube until 
nearly full. A is then turned so as to close both arms of the apparatus, 
which is then placed upright, as in the figure. B is opened. Connection 
is made between the two sides of the thermoregulator, after which B 
is again closed, preparatory to immersion in the water bath. Before it is 
placed in the bath, however, both stopcocks are protected by an ap¬ 
plication of buret wax, to guard against entrance of water vapor. In 
addition, the tube above B is closed by a rubber stopper, while the lower 
outlet tube is closed by a rubber tube and pinchcock. 

The thermoregulator is now placed in the water bath, which is at the 
desired temperature. If the mercury column stands above the upper 
platinum contact, it is drawn off by means of the lower outlet tube. If it 
falls below this point, more mercury is added from the top. By such 
manipulation, the column of mercury can be easily adjusted so as to make 
and break contact at the desired temperature. Finally, the air above the 
platinum contact is replaced by dry carbon dioxide, a mercury seal placed 
above B, and the thermoregulator securely fixed in the water bath. 

The vapor-pressure thermoregulator is surpasvsed in ultimate sensitive¬ 
ness by the well-known toluene thermoregulator. That is, by using a large 
volume of toluene and causing it to expand in a tube of small diameter, 
we can theoretically increase the. sensitiveness to any desired degree. 
It is impractical, however, to use a tube of a diameter much less than 
2 mm., vSince in a smaller tube the mercury is apt to stick to the sides. 
An increase in the amount of toluene used causes the temperature of the 
toluene to lag considerably behind the temperature of the bath, especially 
where this is subjected to the influence of a considerable change of ex¬ 
ternal temperature. This difficulty has been overcome, in part, by various 
workers by enclosing the toluene in long cylindrical tubes, placed aroimd 
the walls of the thermostat. 

The author has not actually compared the sensitiveness of the vapor 
pressure thermoregulator with that of the toluene thermoregulator, 
but one experiment will illustrate the rapidity with which the former 
can adapt itself to the changing temperature of a water bath. 

The thermoregulator, adjusted to 30®, was removed from the bath 
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and allowed to attain the room temperature of 25®. The water bath 
was then heated to 30.1®. The regulator, which had a temperature of 
25 ®, was then immersed in the bath. In 30 seconds from the time of im¬ 
mersion, the thermoregulator automatically operated the relay and cut 
off the heating cmrrent. It is this rapidity of accommodation which makes 
the vapor-pressure thermoregulator especially suited for temperature 
control in those cases where no great care is taken to prevent any sudden 
change of external temperature and where the amount of heat, supplied 
under the control of the relay and thermoregulator, is in considerable 
excess of the exact amount required to maintain the bath at the desired 
temperature. 

A gas thermoregulator so constructed as to be independent of atmos¬ 
pheric pressure would have, at room temperature, a maximum sensitive¬ 
ness of approximately one-tentli that of the saturated ether vapor thermo¬ 
regulator. This is true when the gas used exerts a pressure of 760 mm. 
at o®. Of course, if it were possible to construct a thermoregulator con¬ 
taining a gas under high pressure, a degree of sensitiveness heretofore 
'unattained could be secured. Referring to the PV isothermals of a gas, 
we see that tlie vertical distance between two consecutive isothermals, 
which represents the increase in pressure per degree at constant volume, 
can be made as large as desired by choosing high pressures and small 
volumes. The difficulty here, however, and it seems insurmountable, 
would be to devise a means of confining the gas at such high pressure 
without the use of a mercury column of huge dimensions. 

Summary, 

1. The author has devised a form of vapor-presvsure thermoregulator 
unaffected by changes in atmospheric pressure, and utilizing an -electrical 
contact in dry carbon dioxide gas. 

2. The thermoregulator is light and easily adjusted, is adapted for use 
in fluid baths, and is unaffected by motion of the fluid. 

3. The rapidity, with which it adjusts itself to changes in the tempera¬ 
ture of the bath, makes it especially suitable for the accurate temperature 
control of the average thermostat. 

4. It has an observed sensitivenCvSs of o.oi ® to 0.005 

Ai,ex. T. Feiu). 

North Carouna Aoriculturai. ExpRRm«NT Station, 

Rai,rigii. 


INTERNATIONAL ASSOCIATION OF CHEMICAL SOCIETIES. 

The third session of the Council of the International Association of 
Chemical Societies was held at the Institute Solvay, Brussels, September 
19-23, 1913. The meeting was held in Brussels instead of London in 
acknowledgment of Monsieur Solvay’s munificent, unconditioned gilt of 
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Prs. 250,000 to the Association and also because of his bequest founding 
an International Institute of Chemistry with an endowment of Frs. 
1,000,000. 

The most important action taken by the Council was as follows: 

After discussion of a report by Professor Werner on the investigation 
of the language difficulty in scientific literature, the committee was re¬ 
quested to report next year on three points: 

(1) The Publication of an International Journal of Abstracts in three 
languages. 

(2) The publication of three editions of an International Journal of 
Abstracts, viz., in English, French, and German. 

(3) The public'ation of an International Journal containing transla¬ 
tions in either English, French or German of original papers appearing 
in the lesser known languages. 

Professor Guye reported for the Commission on Abbreviations of the 
Titles of Scientific Journals and resolutions were adopted looking toward 
the ado})tion, if possible, of a uniform set of abbreviations on the basis of 
the “International Catalogue of Scientific literature.” 

The following report of the International Commission for the Unifica¬ 
tion of Physico-Chemical Symbols was adopted. 

In drawing up the list of symbols, the Commission decided to adopt, 
as far as possible, as a basis of notation, the following two principles, 
namely; 

1. Each symbol shall have only one definite signification. 

2. Where it appears impossible to avoid using the same letter for differ¬ 
ent quantities, the symbols shall be distinguished by a letter, added as 
subscript. 

This second principle was also adopted in the case of individual mem¬ 
bers of a group, c. g., volume, specific volume, molecular volume, critical 
volume, etc. The Commission, however, recognized that there are prac¬ 
tical difficulties in the way of a strict adherence to these principles. Al¬ 
though, therefore, in the list of symbols recommended by the Commis¬ 
sion, a given symbol may have more than one signification, the Commis¬ 
sion have also suggested alternative symbols which may be used in those 
cases where confusion may arise. Thus, for example, the Commission 
recommends that R should be used as the symbol both for the gas constant 
and for electrical resistance; but that in those cases where there is a possi¬ 
bility of confusion, the alternative symbol may be employed for the 
latter quantity. The addition of the letter W here recalls the use of this 
letter for electrical resistance frequently met with in Germany. 

In making these suggestions, the Commission took into consideration 
the symbols proposed by the National Committees of the American, 
Frendi, and Eondon Chemical Societies, as well as by the Bunsen Gesell- 
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schaft, the Ausschuss fur Einheiten und Formelzeichen, and the Inter¬ 
national Electrotechnical Commission. A large measure of agreement 
already existed between the proposals of these different bodies, but in 
those cases where there was disagreement, the reasons for the adoption by 
the Commission of the symbols recommended are stated in the column 
headed “Remarks.” 

The Commission decided to recommend the employment of only Greek 
and Roman characters, and, in the case of the latter, that the letters 
should be printed in the italicized {sloping) form. The Commission was 
of opinion that small Roman capitals should not be employed on account 
of the difficulty of distinguishing them from the ordinary letters. 


Symboli recommended. 


Alternative sym¬ 
bol to be used 
in cases where 
confusion with 
Usual other symbols 

Name of quantity. symbol. may arise. Remarks. 

I. General Physics and Mathematics. 


Acceleration due to gravity. g 

Angstrdm unit metre) . A 

Area. q 


Base of natural logarithms. e 

Co-ordinates, variables. x, y,z 


Critical quantities: pressure, vol- 1 pc Vc 
ume, temperature (Centigrade), \ tcTc 
temperature (absolute), density I dc 


Density (mass per unit volume)... d 

Diameter. d 

Differential sign, total.,_ d 

Differential sign, partial. d 

Fluidity. ^ 

Force. / 

Gas constant per mole. R 

Height. h 

Increment. A 

Length. I 

Mass. m 

Mean free path. . X 


The symbols a, F, and s have been 
variously suggested. The Com¬ 
mission recommends q (quad¬ 
rate, Quadrat), as a suitable 
international symbol. 

Recommended in place of Greek 
letters, in accordance with the 
general principles adopted by 
the Commission. 

D D may be used, for example, in 
the differential dDIdt, 
Suggested; not definitely recom¬ 
mended. 


Suggested; not definitely recom¬ 
mended. 


Suggested; not definitely recom¬ 
mended. 


X/ X/ may be used in order to 

tinguish from X » wave length 
of light. 
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Symbols recommended. 

Altcr- 

Usual native 

Name of quantity. symbol. symbol. Remarks. 

j. General Physics and Mathematics —contd. 


Micron (lo”® metre). M 

Millimicron (lo"*® metre). mm 


Number (of terms, revolutions, etc.); n 


number of molecules 

Number of moles. N 

Pressure. p 

Pressure, osmotic. P 

Radius. r 

Ratio of circumference to diameter ir 

Reduced quantities: pressure, vol- \ pr Vr 

ume, temperature, density \ Tr dr 

Summation sign. S 

Surface tension. y 


Time. t 

van der Waals' constants. a, b 

Variation sign. 6 

Velocity. u 

Velocity, angular. w 

Velocity components in three di- u, v, w 

rections 

Viscosity. n 

Volume (in general). v 

Volume, specific. vs 

Volume, atomic. va 

Volume, molecular. vm 

Weight, as gravitational force. w 

Work. W* 


The Commission recognizes that 
the symbol mm (= m X io~®) is 
not strictly logical, but recom¬ 
mends that owing to the uni¬ 
versality of its use it should Ije 
retained. 


The use of y is recommended as 
chief symbol on account of its 
employment in the classical re¬ 
searches dealing with this sub¬ 
ject. 


This .symbol is recommended as 
being in accordance with the 
usage among physicists. 


2. General Chemistry. 

Atomic weight, and gram-atomic A 
weight 

Concentration (units not specified) C 
Equilibrium constant. K 

• The letter A has been adopted as the symbol for **Work" by the Ausschuss 
ffir Einheiten und Formelzeichen and by the International Electrotechnical Commission. 
The latter body has adopted W as an alternative symbol. 
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Symbols recommended. 

Alter- 

Usual native 

Name of quantity. symbol. symbol. Remarks. 

2, General Chemistry —contd. 

Mole fraction. x 

Molecular and gram-molecular M 
weight 

van*t Hoff coefficient. i 

Velocity coefficient. k 


j. Heat and Thermodynamics. 
Energy, in general. E 


Entropy. 

Intrinsic energy. U 

Latent heat, per gram. I 

Latent heat, per mole. L 

Mechanical equivalent of heat_ J 

Molecular heat. 5 

Molecular heat at constant pressure Sp 
Molecular heat at constant volume Sv 

Quantity of heat. Q 

Ratio of specific heats ( — Sp/Sv) y 

Specific heat.,. s 

Specific heat at constant pressure sp 
Specific heat at constant volume.. Sv 

Temperature, Centigrade. tor t 

Temperature, absolute. T 


Suggested; not definitely recom¬ 
mended. 

This symbol, used by Willard 
Gibbs and others, is recom¬ 
mended, since S is adopted for 
molecular heat. 


This symbol is recommended in 
preference to k as being in 
growing use among physicists. 

The symbol s is recommended in 
place of c as being in growing 
use among physicists, and to 
avoid confusion with “concen¬ 
tration."* 

0 0 may be used when “tempera- 

, ture"* and “time*" occur in the 
same expression. 


4. Optics. 

Intensity of illumination. I Jx, 

Refractive index. n nr Recommended as finding most 

general approval. 


Refractive power, specific. fo Vo 

(Gladstone and Dale) 

Refractive power, specific.( fx. 

(Lorentz and Lorenz) ( 

Refractive power, molecular.( 


The second symbol is used when 
it is desired to indicate the 
temperature and wave length 
of light. 
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Altcr- 

Uittftl native 

Name of quantity. symbol. symbol. Remarks. 

4. OpHcs —contd. 

Rotation, angle of optical. a 

Rotatory power, specific. [a] 

Rotatory power, molecular. M[a] Suggested; not definitely recom¬ 

mended. 

Velocity of light. v Suggested; not definitely recom¬ 

mended. 

Wave length of light. X 

5. Electricity and Magnetism. 


Capacity (electric). C 

Charge, unitary (charge on an elec- e 
tron) 

Conductivity (specific conductance) k 
Conductivity equivalent. A 


Conductivity equivalent (at differ- 1 Aio Ap 
ent dilutions—voliunes in liters > A qq 
containing i gram equivalent) j 
Conductivity, equivalent, of cation Kc A a 
and anion 

Conductivity, equivalent, of spcci- A^'Aci' 


fied ions 

Current. I 

Dielectric constant. K 


Dissociation, electrolytic, degree of a 
(degree of ionization) 


Electromotive force. E 

Faraday’s constant. F 

Permeability, magnetic. n 


Potential, single electrede, or de- sk*' ci' 
oompositon potential of anion 

Potential measured against the 
hydrogen or calomel electrode, 
respectively, which is taken as 


unity 

Quantity of electricity. Q 

Resistance. R 

Susceptibility, magnetic. « 


Transport number of cation and of 
anion 


A a* iooo«/concentration in gram- 
equivalents per liter. 


As an abbreviation, the symbol 
D.C. is recommended. 

This is recommended in preference 
to y on account of the adoption 
of the latter symbol for surface 
tension and ratio of specific 
heats. 


f*P 

The symbol c is recommended in 
place of E as the latter is adopted 
as the symbol for electro¬ 
motive force. 


Rw The S3mbol R has been adopted 
by the International Electro¬ 
technical Commissipn, 
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Symbols recommended. 

Altcr- 

Usual native 

Name of quantity. symbol. symbol. Remarks. 

5. Electricity and Magnetism —conld. 

Velocity of cation and of anion in Uc Ua 

cm./sec, when the potential grad¬ 
ient is 1 volt/cm. 

Velocity of specified ions under unit Uk' Jk'i' 

potential gradient 

The Commission reserved consideration of symbols for the following 
quantities: Coefficient of self-induction; Concentration, expressed in 
various units; Current density; Diffusion coefficients; Free energy; Mo¬ 
bility of ions; Solubility: Critical solution temperature. 

Alkx. Findlay, Secretary. 

The Committee on Inorganic Nomenclature made the following report, 
which was adopted: 

This Committee is unanimously in favor of adopting the symbols: 

I for Iodine; Xc for Xenon; W for Wolfram; Nb for Niobium, 
but is of the opinion that the question of adopting the .symbol Be for 
Beryllium, in place of Cl, should be referred to the prospective Inter¬ 
national Commission on Inorganic Nomenclature, with a strong recom¬ 
mendation in favor of the symbol Be. 

The Committee recommends that in indexing inorganic compounds 
the constituent atoms, including carbon, should be arranged in alpha¬ 
betical order. 

It is not desirable to place carbon at the commencement of the formula 
as is usual in indexing organic compounds. It is, however, desirable to 
make an exception to the alphabetical order in the cases of hydrogen and 
oxygen, which should always be placed at the end of the formula. 

In order to facilitate reference to compounds containing water of crys¬ 
tallization, it is suggested that it would be desirable to insert, after the 
formula of the anhydrous compound, the formulae of the hydrated varie¬ 
ties, both in the form F + and in the empirical form with the hydro¬ 

gen and oxygen embodied therein. 

Binary compounds are to be regarded as additive and not as substitu¬ 
tion compounds, the negative component forming the termination, and in¬ 
dicating the class of compound, and the positive component providing 
the name of the individual. 

The recommendations of the Austrian and Russian National Commit* 
tees for indicating the relative numbers of atoms of each element in the 
molecule are approved; e, g., N2O6 becomes dinitrogen pentoxide and not 
nitrogen pentoxide. 

In order to obtain shorter names for substances, it is considered desira¬ 
ble tp indicate the valency of the positive component by means of a suffix. 
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the valencies one to eight being represented by the suffixes o, a, i, e, -on, 
-an, -in, -en, in the order given, e, g., the two chlorides of mercury would 
be respectively named mercuro and mercura chloride. 

It is recommended that an International Commission composed of 
one member from each country represented in the Association, be ap¬ 
pointed, with Professor Werner as chairman, by November i, 1913, 
at latest. 

This International Commission should appoint a small working Com¬ 
mittee of seven members, whose expenses should be defrayed out of the 
funds of the International Association of Chemical Societies. 

The Committee on Organic Nomenclature recommended the appoint¬ 
ment of a small working committee of five members, not necessarily mem¬ 
bers of the Council, to receive and consider the reports of the National 
Committees and further to suggest methods for the organization and 
carrying out of future work, the expenses of the committee to be defrayed 
from the funds of the Association. This recommendation was adopted 
and similar action was taken with regard to further work on Inorganic 
Nomenclature and on the Unification of Physico-Chemical Symbols. 


Societies ArriLiATED to the Inter nation Association of Chemical Societies 

with the Date of Entry into the Association. 

In accordance with Article V of the Statutes, this list of the Societies is arranged 
ill alphabetical order of the names, in the French language, of the countries they repre¬ 
sent. 


The Chemical Society (London) . 
Verein Osterreichischer Chemiker 
Soci^t6 Chimique de Belgique .. 


Date of entry. 

Number of 
members. 

. . April 25, 1911 

3356 

. . . April 25, 1911 

3202 

October 28, 1911 

1050 

. .. August 6. 1913 

510 

... January 23, 1912 

155 

... April 10, 1912 

353 

... October 6, 1911 

6091 

... April 25, 1911 

1023 

... July 14, 1911 

315 

.. . January ii, 1912 

654 

... March 18, 1912 

567 

a.. October 27, 1911 

t 75 

.. October 22, 1911 

410 

... August 3, 1911 

367 


The following Societies, not represented on the Coimcil, each sent one 
delegate in an advisory capacity only to the meetings in Brussels, Sep¬ 
tember, 1913. 

Deutsche Bunsen Gesellschaft ftir Angewandte 

Physikalische Chemie. June 19, 1911 

The Faraday Society (London). April 30, 1912 

Soci6t6 de Chimie Physique...June 15, 1911 


777 

202 

225 
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Statutes were proposed for the affliation of the International Committee 
on Atomic Weights with the International Council. 

As the International Council of Chemical Societies now has funds of 
its own, the expenses of the meeting no longer fall on the individual socie¬ 
ties forming the Assf*ciation. 


[Contribution from thr Chbmicai. Laboratory of thb University of California 1 

THE INFLUENCE OF HYDROGEN ION AND OF NEUTRAL SALTS 
UPON COLOR CHANGES AND REACTION VELOCITIES 
AMONG DYES OF THE TP.!: HHNYLMETHANE SERIES. 

(ON CATALYSES \ < i' /^EAK ACIDS, V.) 

By H C . I DDLS. 

Received October 7, 1913. 

I. Introductory ,—As I have shown/the speed of the assumption of color 
in the well-known magenta test for aldehydes, in the presence of cxce.ss of 
weak acids, closely resembles the conversion of the cinchona alkaloids into 
their toxins under like conditions. Thus the speed increases with acids of 
decreasing dissociation constant and decreases with acids of increasing 
dissociation constant. Furthermore the speed of the conversion in¬ 
creases in the presence of a weak acid, such as acetic, with the molecular 
concentration of the acid. Here, as in the case of the cinchona alkaloids, 
at least two factors apparently enter into the reaction—the inhibiting 
influence of the H'*’ ion on the one hand and the accelerating influence 
of the molecule of the organic acid on the other. 

The study of this catalysis was extended from the more complicated 
magenta reaction to the less involved conversion of a triphenylmethane 
dye from the colorless to the colored form, attention having been con¬ 
fined to the behavior of methyl violet in the presence of chloroacetic and 
acetic acids. Here, as in the case of the magenta reaction, the speed of 
conversion of the benzenoid to the quinoid form, in the approach toward 
a condition of equilibrium between the two forms, was found to be greater 
in the presence of the acid of lower dissociation constant. Subsequent 
study has shown that this law is general in its application to similar dyes 
of the triphenylmethane vseries, the reaction rate being a function, as will 
appear later, of the diminishing concentration of the H"*" ion. Thus, for 
example, rosaniline, para-rosaniline, malachite green and methyl violet all 
exhibit the same general phenomenon with normal solutions of such acids 
as chloroacetic, acetic, propionic etc., the speed of the reaction increas¬ 
ing with acids of decreasing dissociation constant. 

In the previous paper on this catalysis* the question was raised, as to 
whether the speed of this reaction is a function solely of the diminishing 
This Jourkal, 35» 273 (1913)- 
* BidfUc; This Journal, aSt 281 (i9X3)‘ 
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concentration of the ion, or whether, as is the case in the conversion 
of the cinchona alkaloids into their toxins, it is dependent also upon the 
nature of the acid employed. The experimental results lead to the former 
conclusion. In the catalysis of the rosaniline dyes as in that of the cin¬ 
chona alkaloids, the speed of the reaction is conditioned upon the diminish¬ 
ing concentration of the ion,^ but unlike the latter case it is not a 
function of the molecular concentration of the organic acid.^ In the 
case of the dye, indeed, the speed of the conversion from the benzene)id 
to the quinoid form not only does not increase with increasing concentra¬ 
tion of acid, but actually decreases under such conditions. 

Furthermore, while in the case of the cinchona alkaloids diminution 
of the ion through addition to an organic acid of a salt with a common 
acid ion exerted but a slight effect,^ such an addition in the case of the 
color change enormously accelerates the speed of the reaction. 

Variations in the concentration of the ion are found to produce 
not only an alteration in the speed of the reaction, but also an alteration 
in depth of color and in vSome cases a complete shift in color tint. The 
effect of such variations, in other words, is both static and dynamic. 
These variations in color tint correspond with the observations already 
made by Szyszkowski^ and others in the case of certain dyes. 

Not less interesting is the “neutral salt effect” in the presence of highly 
dissociated acids. Results are obtained here strictly comparable with 
those investigated by Airhenius,^ liuler,® Spohr,^ Stieglitz,® Acree,^ Kel- 
logg^° and others in the case of the inversion of cane sugar, hydrolysis of 
esters and similar reactions. In other words, the addition of foreign 
salts to solutions of equal concentration of acid produces an effect equiva¬ 
lent to that of increasing the concentration of the H"** ion. In the case 

‘ This conclusion is fully in accord with the careful researcli of Sidgwick and his 
coworkers, which unfortunately I had until recently overlooked. In their investiga¬ 
tions of reaction velocities in the case of brilliant green, malachite green and diamino 
triphenylcarbinol in the presence of acids and alkalies, they call attention, in the action 
of acid upon the carbinol base, to the diminishing speed of the reaction with increasing 
concentration of acid, but they are unable to account for the phenomenon (Sidgwick 
and Moore, Z. phykk. Chem., 58, 385 (1907); J, Chem. Soc., 95, 889 (1909) Sidgwick 
and Rivett, Ibid., 95, 899 (1909)). 

* Biddle, Ber., 45, 2837 (1912). Biddle and Rosenstein, This Journal, 35, 4*25 

(1913). 

* Biddle and Rosenstein, This Journal, 35, 425 (1913)- 

< Z. physik, Chem,, 58, 420 (1907). 

I, no (1881); 4, 237 (1889); i 97 (1899)- 

• Ibid,, 32, 348 (1900). 

^ J, prakt, Chem,, [2] 33, 270 (1886). 

^ Am. Chem. J., 3a, 224 (1904); 34> 1689 (1905); 39» i 77 i 596, 720 (1908); This 
Journal, 349 1689 (1912). 

• Am. Chem. J., 38, 259, 489 (1907); 39i 226 (1908); 41, 474 (1909)* 

10 This Journal, 311 403» 886, 889 (1909); aSi 396 (1913)- 
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of the inversion of cane sugar and tlie hydrolysis of esters, this leads to 
only one result—an increase in the speed of the reaction. In the case 
of the rosaniline dyes, however, such addition produces, as does varia¬ 
tion of the ion, a .static as well as a dynamic effect. 

The static effect of the H"*" ion and of neutral salts upon phenolphthalein 
has been made the subject of careful study by Rosenstein^ in his in¬ 
vestigation of the ionization constant of the indicator. 

2 , The Speed of the Rcactioriy a Function of the Diminishing Concentra¬ 
tion of the Ion. —As we have noted in the case of the cinchona alka¬ 

loids, both the nature of tlie acid and the concentration of the ion 
functionate in the catalysis to the toxins. In the color change of the tri- 
phenylmethane dyes, on the contrary, the speed of the reaction is a func¬ 
tion of the diminishing concentration of the ion without regard to the 
nature of the acid. This is clearly shown in comparing the behavior of 
these dyes in tlie presence of acids of widely different nature, such as 
acetic and hydrochloric acids. In isohydric solution of the two acids, 
the dye exhibits the same color tint. 

The alteration in lint and color with varying concentration of ion 
is very noticeable in the case of methyl violet, where, with diminishing 
concentration of hydrochloric acid, the color will shift from yellow through 
green, blue, blue-violet to rose-violet. Since isohydric solutions of different 
acids effect the same color change, one is led to suspect that the speed of 
the assumption of color, in the conversion of the carbinol base to the 
quinoid dye, will be found to be intimately associated wdlh the diminish¬ 
ing concentration of the ion, and will be at the same time largely 
independent of the nature of the acid employed. This probability is 
fully confirmed by experiment. In isohydric solutions of hydrochloric 
and acetic acids, indeed, the speed of the conversion of the colorless into 
the colored form of the dye, in approaching the condition of equilibrium, 
is identical. The speed of the catalysis,^ consequently, differs from that 
of the cinchona alkaloids in that it is independent of the nature of the 
particular acid employed. 

j. The Relation of the Speed to the Diminishing Concentration of the 
Ion. —In the tables given below are presented the data representing the 
relation between speed of transformation and concentration of the 

1 Rosenstein, This Journal, 34, 1117 (1912). 

® If, according to the suggestion of Ostwald, the term catalysis is employed to 
signify the acceleration or retardation of a chemical reaction by substances which them¬ 
selves undergo no permanent change as a result of their reaction, a question may be 
raised as to the legitimacy of using the term in this case, since in this reaction, without 
doubt, ion enters into the reaction in the formation of ions of a mono-, di- and tri¬ 
acid base- In the light, however, of other phenomena which will be considered in a 
later paper,|it seems well for the present to employ the term in the consideration of 
this reaction. 
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ion in the case of methyl violet, in the presence of hydrochloric acid of 
varying concentration. The method of procedure in the experimental 
determination, which, with slight modifications as to amounts, applies 
equally well to rosaniline, pararosaniline, or malachite green, was as fol¬ 
lows: 

A standard solution of the carbinol base was prepared by adding to a 
mixtme of 200 cc. of water and 200 cc. of absolute alcohol, 20 cc\ of a 
0.1% solution of methyl violet and to this in turn sufficient caustic potash 
to produce complete decolorization of the solution on standing (14 cc. 
of a 0.5 N KOH solution were used). The color standard was prepared, 
in the case of each strength of acid, by adding from a bur».t 10 cc. of the 
carbinol solution to 50 cc. of the acid, the resulting solution being per¬ 
mitted to stand in each case until equilibrium color had been reached. 
In each solution prepared for testing, exactly 2 cc. of the carbinol base 
were added to 10 cc. of acid, care being taken to thoroughly agitate the 
acid during the addition. The alkali content of the standard carbinol 
solution was determined by titration^ and the acid neutralized by the 
base contained in the 2 cc. of this solution was deducted in each case from 
the acid prcvsent. The free acid is assumed in each case to be completely 
dissociated and to occupy the actual volume resulting from the addition 
of the carbinol base (2 cc.) to the acid (10 cc.), or 12 cc. in all. If the 
methyl violet base is regarded as pentamethyltriaminotriphenylcarbinol, 
its concentration in the final solution is approximately 0.00002 molal. 
The measurements were made as before- at i9.5°(=i=o.2°) in a vStammer 
colorimeter, the tube containing the solution studied being 50 mm. in 
length. Each reading is, in general, the mean obtained from two suc¬ 
cessive determinations. 

Although the colorimetric method does not lend itself to high accuracy 
of measurement, the results obtained are sufficiently definite to give us 
clear information regarding the influence of the ion. The speed of the 
reaction, while diminishing slightly in some cases with successive inter¬ 
vals of time, is apparently that of a reaction of the first order with respect 
to the color base. 

Consequently: 

dx/dt = K(a — x). 

Integrating: 

Ki =* i/^ log a/a — X, 
or 

K2 «= i/fe — h log a — Xi/a — X2. 

^ The base in the carbinol solution was determined by adding phcnolphthalein 
to a measured volume and titrating with 0.005 N HCl until color had just disappeared. 
With care, a colorless end point is obtained which docs not show the color of methyl 
violet until after the lapse of a short time. 

» Biddle, This Journai,, 35, 279 (1913)* 
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TABUt I. 


Concentration of free hydrochloric add. 


0.0375 Molal. 

Temperature.. 




■ I9-5*(*o.2*) 

Time. 

Depth of color 




Min. 

in mm., i, e,, x. 

a — *. 

Ki. 

Ke. 

O.. 

. ... 0.0 

50.0 

... 

• • • 

5 . 

.... 5.4 

44.6 

0.00993 

0.00993 

lo. 

.... 9.4 

40.6 

0.00904 

0.00816 

15. 

. ... 13.3 

36.7 

0.00895 

0.00877 

20. 

. ... 16.5 

33‘5 

0.00869 

0.00792 

25. 

- 19.6 

30.4 

0.00864 

0.00843 




Mean, 0.00905 

0.00864 



Table II. 


Concentration of free hydrochloric add. 


0.0055 Molal. 

Temperature.. 




i9.3®(*o.2“) 

Time. 

Depth of color 




Min. 

in mm., i. x. 

a — X. 

Ki. 

K$. 

0. 

0.0 

50.0 

. .. 

. .. 

5 . 

7.4 

42.6 

0.01391 

O.OI391 

10. 

... 13.3 

36.7 

0.01343 

0.01295 

15. 

... 17.7 

32.3 

0.01265 

O.OII09 

20. 

... 21.5 

28.3 

O.OI 22 I 

0.01087 

25. 

... 24.9 

25.1 

O.OII97 

0.01103 




Mean, 0.01283 

0.01197 



Table III. 


Concentration of free hydrochloric add. 


0.0033 Molal. 

Temperature.. 




. 19.5'’('*‘0.2'’) 

Time. 

Depth of color 




Min. 

in mm., i, x. 

0 - X. 

Ki. 

x$. 

0. 

0.0 

50.0 

... 

. . . 

5 . 

... 8.3 

41.5 

0.01618 

0.01618 

10. 

... 14.9 

35.1 

0.01536 

0.01455 

15. 

... 20.7 

29.3 

0.01347 

0.01569 

20. 

... 24.9 

25.1 

0.01497 

0.01344 




Mean, 0. 0^549 

0.01496 



Table IV. 


Concentration of free hydrochloric add. 


0.00116 Molal. 

Temperatme.. 




• I 9 - 5 ®(* 0 . 3 *) 

Time. 

Depth of color 




Min. 

in mm., i. x. 


Ks. 

Sj. 

0. 

. . . 0.0 

50.0 

. • • 

• . . 

2-*. . . 

... 7.3 

42.7 

0.03427 

0.03427 

4 . 

... 12.9 

37 »x 

0.03239 

0.03053 

6 . 

... 17.8 

32.2 

0.03185 

0.03076 

8. 

21.9 

28.1 

0.03128 

0.02957 

10.. 

... 23.5 

24.5 

0.03098 

0.02977 




Mmil 0.03215 

0.03098 
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Table V. 

Concentration of free hydrochloric acid . 

0.00155 Molal. 

Temperature. . 





Time. 

Min. 

Depth of color 
in mm., L e., x. 

0 — 

K,. 

K*. 

0. 

0.0 

50.0 


. . . 

2 . 

... II.2 

38.8 

0.05507 

0.05507 

4 . 

... 19.3 

30.7 

0.05296 

0.05085 

6. 

... 25.7 

24.3 

0.05228 

0.05077 

8. 

... 30.8 

19.2 

0.05195 

O.05115 

10. 

... 34.5 

15.5 

0.05086 

0.04648 

Mean, 0.05262 

Table VI. 

Concentration of free hydrochloric acid . 

0.05086 

0.00095 Molal. 

Temperature. . 




• i9-5°(*o.a®) 

Time. 

Min. 

Depth of color 
in mm., i. e., x. 

a — 

Ki. 

K*. 

0 . 

0.0 

50.0 

. . . 

. . . 

I. 

... 13.6 

36.4 

0 13787 

0.13787 

2 . 

... 22.7 

27.5 

0.13140 

0.12494 

3 . 

... 28.9 

21 . 1 

0.12489 

0.11188 

4 . 

... 34*1 

15.9 

0.12439 

0.12288 

5 . 

... 37.5 

12.5 

0.12041 

0.10448 

6 . 

.. 40,7 

9.3 

0.12175 

0.12843 

Mean,"^o. 12678 

Table VII.» 

Concentration of free hydrochloric acid.. 

O.12175 

. 0.00034 Molal. 

Temperature.. 




. I9-5°(*o.2®) 

Time. 

Min. 

Depth of color 
in mm., i e., x. 

a — X. 

Kx. 

K>. 

0 . 

0.0 

50.0 


. . . 

I. 

. . . 40.0 

10,0 

0.69897 

0.69897 

2 . 

... 47.5 

2.5 

0.65052 

0.60206 


Mean, 0.67474 0.65051 

These experimental results are given in Figs, i and 2, the speeds, 
Ki X 10*, being plotted as abscissas and the molal concentrations of the 
H*** ion* X 10^ being plotted as ordinates. The graphs in the two figures 

' The reaction is so rapid at this low concentration of ion that it is difficult to 
obtain accurate readings. The experimental error is consequently larger in this case 
than in the others. 

* Since 0.0375 tnolal hydrochloric acid is dissociated to the extent of approximately 
97*5%/ the assumption of complete dissociation at this concentration introduces a 
negligible error in plotting the curve. In all the experiments the influence upon the 
ionization by the alcohol introduced from the methyl violet solution (about i vol. in 
12 vol.) is ignored. It may be noted, however, that the ratio between the alcohol and 
the remainder of the solution is in all cases the same. 
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are the same, that in Fig. 2 being on a scale sevenfold larger than that in 
Fig. I. 

A consideration of this curve is of some interest. It shows very clearly 
that while the speed of [the^ reaction in approaching the condition of 
equilibrium is a function of the diminishing concentration of the 
ion, it is not a linear function of that value. Between the limits of 3.75 X 



Fig. I. 


16'^ and 5.5 X 10'® molal concentration of ion, the speed^ of the 
color change varies but vSlightly with varying concentration of the 
ion. Below the latter value the speed experiences a rapidly progressive 
increase until, at concentrations of the ion varying from 1.55 X lo”"® 
to 3.4 X 10"^ molal, the increments of speed with succeeding decrements 
in the concentration of the ion become enormous. 

The complexity of this curve precludes the possibility of the speed 
^ It is to be noted that in comparing the speeds of approach to a condition of 
equilibrium in each case, we arc not comparing the speeds of approach to a common 
depth of color. Since slight variations in concentration of the ion alter the color 
tint, it becomes impossible to make the latter comparison with any degree of accuracy. 
In general the color of the equilibrium color standard becomes lighter with increasing 
concentration of ion. The result is that if the speed values could be reduced to those 
of approach to a common depth of color, the variations in speed with varying con¬ 
centration of ion would be somewhat greater than those observed^ since the low 
values would then become lower and the high v^ues higher. 
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of the reaction being expressed as any simple function of the con¬ 
centration of the ion. Interestingly enough, however, the speed of the 
reaction appears to be a linear function of the square of tlic concentration 
of the ()H“ ion. If, for example, the reciprocal of the concentration 
of the ion is represented by y and the values of X are plotted 
as ordinates, while the speeds X lo’ are plotted as abscissas, the graph 



given in Fig. 3 is obtained. Discarding the value taken from Table 
VII, because of the necessary inaccuracy of measurement in this case, the 
speed, within the limits of experimental error, appears to be a linear 
function of y^} 

4, The Influence of Change of Tempeiature upon the Speed of the Re¬ 
action ,—^The speed of the conversion of the carbinol base into the quinoid 
dye varies to a considerable extent with changes in temperature, the 
speed in general increasing with rising temperature. Such an effect is m 
accord with the results obtained by Noyes^ as to the decreasing dissocia¬ 
tion of an acid with rise of temperature, but can scarcety be attributed 
solely to this cause. 

The variations in speed with slight changes in temperature are found 

^ In this connection I wish to thank Prof G N Lewis of this department for 
rail in g my attention to this interesting relation after he had considered the data given 
above. 

* A. A. Noyes, This Journal, 30 > 34 ^ (1908). 
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f 


to be slight in the region in which alterations in the concentration of the 
H”** ion produce little variation in the velocity of the reaction, but be¬ 
come very large in the region in which such variations are accompanied 
by marked changes in speed. Thus in concentrations of H**" ion ranging 
from 3.75 X to 5.5 X lo”® molal a few degrees change of tem¬ 



perature produce but slight effect as compared with similar alterations 
within the range of concentration varying from 2 X lo”® to 3.4 X io~* 
molal. A few degrees rise of temperature within the latter range in- 
creavses the speed greatly. This is clearly shown in the following cas^ 
with dilute hydrochloric acid, where a rise of roughly 4° increases the 
speed of the reaction almost 50%.^ 

Tabi.® VIII. 

Concentration of free hydrochloric acid. 0.00176 Molal. 


Temperature. 19.5 ®(=*= o. 2 °) 

Time. Depth of color 

Min. in mm., i. e., x. a — x. Ki. Ks. 

o. 0.0 50.0 

2. 10.5 39.5 0.05118 0.05118 

4. 18.5 31.5 0.05017 0.04914 

6 . 24.7 25.3 0,04931 0.04760 

8. 30.0 20.0 0.04974 0.05104 


Mean, 0.05010 0.04974 

^ A careful study of this temperature effect is in progress in this laboratory. 
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Table IX. 


Concentration of free hydrochloric acid. 


0.00176 Molal. 

Temperature.. 

Time, 

Depth of color 



i3.5“(*o.5°) 

Min. 

in mm., i. t., x. 

a — X. 

Ki. 

Ka 

0 . 

00 

50.0 



2. 

15.0 

35 0 

0.07745 

0 07745 

4 . 

... 24.6 

25 4 

0 07353 

0.06962 

5. 

.. 28.5 

21.5 

0.07331 

0 07240 

6. 

... 32.0 

18 0 

0 07395 

Mean, 0 07456 

0 07716 

0 07415 


5. Variations in Speed through the Addition of Salts. —'^J'he influence of 
the ion upon the speed of this catalysis naturally leads to a study of 
the efifect of varying the concentration of this ion in solutions of uniform 
concentration with respect to the acid employed. Such \anation is 
easily produced by the addition of suitable salts to the solution. De¬ 
crease in the concentration of the 11'^ ion is of course readily effected 
in the case of a weak acid by the addition of a highly dissc)ciating salt 
with a common acid ion, and, as Arrhenius^ has shown, increase in the 
concentration of the IIion is produced in the case of such an acid by the 
addition of .soluble foreign salts, it being of course understood that the 
salt added in the latter case is not that of a weak acid. In the study of 
the cinchona alkaloids the addition of a salt wdth a coniinon acid ion w^as 
foitnd to exert at most a slight, if not an inappreciable effect upon the 
speed of the catalysis.^ 

From the large variation in speed already noted in the conversion of the 
carbinol form of a rosanilinc dye into its quinoid form with slight varia¬ 
tion in the concentration of the ion, w^e wamld naturally f x])ect in this 
case that in the presence of w^eak acids large variation in si)eed would be 
brought about by the addition of suitable salts. T1 k‘ expectation is fully 
realized. Addition of a salt wdth a common acid ion, for example, greatly 
accelerates the .speed of the conversion. To such an extent may this be 
increased, indeed, that it may become almost instantaneous. On the 
other hand, addition of a salt, such as sodium or potassium chloride, 
greatly retards the speed of the conversion. Sufiicient addition, indeed, 
may almost if not altogether inhibit the change. It is thus possible in the 
solution of a weak acid, such as acetic acid, to effect through the addition 
of different salts a variation in the speed of the conversion ranging well- 
nigh from zero to infinity. 

In the determinations which arc recorded beU>w^ the speed of the con¬ 
version was measured in the case of normal acetic acid and in the case 
of normal acetic acid containing on the one hand sodium acetate and on 

^ Z. physik. Chem., 31, 197 (1899). 

* Biddle and Rosenstein, This Journal, 3S1 4^5 (1913)- 
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the other sodium chloride. The concentrations of acid and salt represent 
the actual concentrations after the addition to lo cc. of solution of 2 cc. of 
the methyl violet. The acid neutralized by the alkali in the methyl violet 
and the minute quantity of salt formed therefrom are, however, in these 
cases ignored. 


Concentration of free acetic acid 

Tabi^E X. 


. 0.833 Molal. 

Temperature. . 




■ 19.S°(=*=o.2'’) 

Time. 

Min. 

Depth of color 
in mm., i. e., x. 

a — X. 

Ki. 

K 2 . 

0. 

0.0 

50.0 


. . . 

5 . 

... II .0 

390 

0.02158 

0.02158 

10. 

... 18.2 

31.8 

0.01965 

0.01773 

15 . 

... 24.6 

25.4 

0.01832 

0.01627 

20. 

... 28.5 

21.5 

0.01833 

O.OI8IO 

Concentration of free acetic acid 

Mean, 

Tabee XI. 

0.01947 

0.01842 

0.833 Molal. 

Concentration of sodium acetate 



0.00833 Molal. 

Temperature. . 




. . i9.5®(=^o.2°) 

Time. 

Min. 

Depth of color 
in mm., i. e., x. 

a — X. 

Ki. 

K.2. 

0 . 

0.0 

50.0 



I . 

... • 8.0 

42.0 

0.07572 

0.07572 

2 . 

12.9 

37 I 

0 . 06480 

0.05388 

3 . 

... 18.5 

31.5 

0 . 06689 

0.07106 

4 . 

... 22.4 

27.6 

0.06452 

0.05740 

5 . 

... 25.7 

243 

0.06267 

0.05530 


Mean, 0.06692 0.06267 


TABh% XII. 

Concentration of free acetic acid... 0.833 Molal. 

Concentration of sodium acetate. 0.0833 Molal. 


Temperature. i9.5®(=*=o.2®) 

Time. Depth of color 

Min. in mm., i. r., x. a — x. Ki. Ks. 

0 . 0.0 50.D 

1 . 32.0 18.0 0.44369 0.44369 

2 . 43.6 6.4 0.44639 0.44909 

3 . 47-7 2.3 0.44575 0.44445 


Mean, 0.44537 0.44574 


























DYES OE rAn TRIPHENYI.METHANE SERIES. 


95 


Tab^U XIII. 


Concentration of free acetic acid . 



0 833 Molal. 

Concentration of .sodium chloride 



0 0833 Molal. 

Temperature . . 




19 

Time. 

Depth of color 




Min. 

in mm , t. e,, x. 

a — X. 

K, 

Ka. 

0. 

0.0 

50.0 



5 . 

. . 6.0 

44.0 

0 00910 

0.00910 

10. 

.. 10.5 

39 5 

0.01023 

0 CK>937 

15 . 

14.4 

35.6 

0.00984 

<) . (XJ903 

20. 

17 7 

32 3 

0. (X)948 

0 00845 

25 . 

. . 21 4 

28 6 

0.00970 

0 01057 




Mean, 0 00967 

0 . 00930 


Table XIV. 


Concentration of free acetic acid 



0.833 Molal 

Concentration of sodium chloride. 

. 


0 416 Molal. 

Temperature. . 




. . i 9 . 5 “(=*=o. 2 °) 

Time. 

Depth of color 




Min. 

in mm., «. e., x. 

a — X. 

Ki. 

Ks. 

0 . 

00 

50.0 



5 . 

... 4.0 

46.0 

0.00724 

0.00724 

10 . 

... 6 8 

43.2 

0 . 00635 

0 00546 

15 . 

9.4 

40.6 

0 00603 

0.00539 

20 . 

... II .5 

38.5 

0.00567 

0.00.^61 




Mean, 0.00632 

0.00567 


In the/effect of neutral salts upon the speed of this catalysis it is of 
interest to raise the question as to whether or not the effect is due enUrely 
to the varying concentration of the ion of the weak acid. In his 
research “Ueber die Anderung der Starke schwacher v^auren durch 
Salzzusatz/* in which he makes u.se of the speed of the inversion of cane 
sugar to determine the increase in the dissociation constant of a weak 
acid produced by the prevsence of a foreign salt, Arrhenius shows that the 
increavSe in the jspeed of the conversion is modified by two other condi¬ 
tions, viz,, (a) the formation of new electrolytes tlirough double decom¬ 
position and (6) a direct effect of the neutral salt on the catalysis.^ 

In the conversion of the colorless form of a rosaniline dye into the 
colored form in the presence of a weak acid such as acetic acid and a salt 
of this acid such as sodium acetate, condition (a) could not arise, since no 
new electrolyte would be formed. In the retarding influence of a foreign 
salt, such as sodium chloride, however, new electrolytes would naturally 
be formed and (a) must be taken into consideration. In such a case the 
general effect as Arrhenius has shown would be to increase slightly the 
concentration of the 11**“ ion. 

* Z, physik, Chem., 31, 197 (1899). 
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The direct effect (6) of a neutral salt upon the catalysis must now be 
considered. This, the neutral salt effect** proper, may be investigated 
by studying the influence of such a salt on the speed of the reaction in the 
presence of a dilute solution of a highly dissociated acid, such as hydro¬ 
chloric add. 

As I have already pointed out (page 86) the color tint of the rosaniline 
dyes, such as rosaniline, malachite green and methyl violet, shifts with 
varying concentration of the ion. In the case of methyl violet this 
may lead to a complete change, the color in this case with increasing 
concentration of H"*" ion varying from rose-violet through blue to grass 
green and at higher concentrations to yellow. The general effect of in¬ 
creasing concentration of a chloride such as sodium chloride on a 
dilute solution of hydrochloric acid would naturally be to diminish 
somewhat the concentration of the ions. Under such conditions we 
should expect an alteration in color tint corresponding to such decrease. 
Interistengly enough, the color change is just the reverse. The alteration 
of color tint produced in a rosaniline dye in dilute hydrochloric acid by 
the addition of a chloride such as potassium, sodium or magnesium chloride 
is uniformly in the direction following an increasing concentration of the 
H"*" ion. Salts of similar highly dissociated acids such as the bromides 
and nitrates produce a similar effect, though not quite so pronounced 
in the case of the nitrates. Thus, in a 0.005 molal solution of hydro¬ 
chloric acid, containing methyl violet of similar concentration to that used 
in the preceding experiments, increasing concentration of magnesium chlo¬ 
ride will cause a variation of color from violet through blue to grass green, 
precisely as is effected by an increase in the concentration of the ion. 

In view of these results it became of great interest to determine how the 
speed of the conversion of the colorless to the colored base would be affected 
under such conditions by the presence of a neutral salt. Direct measure¬ 
ments revealed the fact that the speed was indeed altered under such 
conditions, and that the alteration was in the same direction as that indi¬ 
cated by the shift of color tint. In other words, the presence of a chloride 
such as sodium chloride lessened the speed of the reaction. Furthermore, 
the speed of approach to a condition of equilibrium in the case of a given 
color tint was found to correspond with the speed observed in the case of 
the same color tint produced by definite increase in the concentration of 
hydrochloric acid. Thus, a solution containing 2 molal sodium chloride 
and 0.00176 hydrochloric acid showed less than V4 the speed exhibited 
by the acid alone, giving an effect corresponding to an increase in the 
concentration of the H"*" ion of more than 200% and this in a solution 
of such dilution with respect to the acid, that the latter in the absence 
of the salt may be regarded as completely dissociated. These results are 
set forth in the following determinations: 
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Table 

XV 

Concentration of free hydrochloric acid 


Temperature 




Time 

Depth of color 



Min 

in mm t e x 

a — » 

Ki 

0 

0 0 

50 0 


2 

10 5 

39 5 

0 05118 

4 

l 8 5 

31 5 

0 05017 

6 

24 7 

23 3 

0 04931 

8 

30 0 

20 0 

0 04974 




Mean, 0 05010 


Table 

XVI 

Concentration of free hydrochloric acid 


Concentration of sodium chloride 



Tempcralurt 




Time 

Depth of color 


Ki 

Min 

in mm t e x 

a — X 

0 

0 0 

50 0 


2 

7 5 

42 5 

0 03529 

4 

13 5 

36 5 

0 03417 

6 

19 0 

31 0 

0 03460 

8 

23 5 

26 5 

0 03445 




Mean, 0 03462 


Table 

XVII 

Concentration of free h\drochloric acid 


Concentration of sodium chloride 



Temperature 




lime 

Depth of color 


Ki 

Min 

m mm \ e , x 

a — * 

0 

0 0 

50 0 


5 

8 6 

41 4 

0 01639 

10 

IS 5 

34 5 

0 01612 

15 

20 4 

29 6 

0 01518 

20 

25 0 

25 0 

0 0x505 




Mean, 0 01568 


Table XVIII 

Concentration of free hydrochloric aad 
Concentration of s(jdium chloride 
Temperature 


Time 

Depth of color 



Min 

in mm \ t »x 

a — A 

Kx 

0 

0 0 

50 0 


5 

7 4 

42 6 

0 01391 

10 

12 5 

37 5 

0 01249 

15 

16 5 

33 5 

0 01160 

20 

20 0 

30 0 

0 OHIO 


Mean, 0.01235 


o 00176 Molal 
19 5 °(*o 2°) 

E> 

o 05118 
O 04914 
o 04760 
o 05104 


o 04974 

o 00176 Molal 
o 0416 MoUl 
19 2°) 

Kj 

o 03529 
o 03305 
o 03546 
o 03405 


o 03446 

o 00176 Molal 
o 416 Molal 
19 2*") 

Ks 

o 01639 
o 01584 
o 01331 
o 01467 


o 0150s 

o 00176 Molal 
2 05 Molal 
19 5®(=fco 2®) 

Ks 

o 01391 
o 0x108 
o 00980 
o 00959 


o 01109 
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In general the action of a neutral salt was found to diminish with in¬ 
creasing concentration of acid. Thus while the influence of sodium 
chloride upon the color and the speed of the reaction in a 0.0375 N hydro¬ 
chloric acid solution is of the same general character as in the case of the 
diluter acid, tlie effect is much less pronounced. This is fully in accord 
with the obser\^ation made by Arrhenius^ in the catalysis of sugar, etc., 
that neutral salts act more strongly in the presence of dilute acids than 
in the presence of those of higher concentration. 

The behavior of sulfates in tliis catalysis is of interest as it seems at 
first glance not to correspond with that of the salts of the monobasic 
acids. In other words, the retarding effect does not appear in the case of 
neutral sulfates. Thus, the reaction velocity in 0.00176 N hydrochloric 
acid, containing 0.416 molal magnesium sulfate, was found to be 0.05018, 
or practically the same as that in the acid alone. The reaction velocity 
in 0.00176 N sulfuric acid alone at 20.7 0.2®) was found to be 0.05310; 

the reaction velocities at the same temperature in 0.00176 N sulfuric 
acid containing 0.416 molal magnesium sulfate and in the same acid con¬ 
taining 0.416 molal potassium sulfate were respectively, 0.06006 and 
0.09100. The color tint in each instance corresponded with that pre¬ 
viously observed in the case of like reaction velocities with varying con¬ 
centrations of hydrochloric acid. 

The abnormal behavior of sulfates in catalyses, in general as compared 
with that of the salts of the monobasic acids, has been observed by several 
investigators.*^ An explanation of the phenomenon is undoubtedly to be 
sought, as suggested by Euler, in the tendency of the neutral sulfate to 
form the acid sulfate under the conditions of the experiment and thus 
to effect a slight decrease in the acidity of the solution. 

6, Discussion of the ''Neutral Salt” Effect. —^The behavior of neutral 
salts in the catalysis of the rosaniline dyes is a remarkable one. It corre¬ 
sponds in general, however, to the effect of such salts as observed by 
Arrhenius, Euler, Spohr, Stieglitz, Acree and others® in such catalyses as 
the inversion of cane sugar and the saponification of esters. While it 
seems wivSe, for the present, to defer full discussion of the results obtained 
until further quantitative data are secured, a brief consideration of some 
of the hypotheses advanced to account for the ‘‘salt effect*' in general 
may not be out of place. 

As was suggested in the investigations of Arrhenius and Euler^ the salt 
acceleration in the case of such catalyses as the inversion of cane sugar 
is probably largely to be ascribed to an increased ionization of water as 

1 Z. physik, Chem., 4, 239 (1889). 

2 vSpohr, Z. physik. Chem., 2, 195 (1888). Euler, Ibid,, 32, 355 (1900). 

* See previous references. 

* Arrhenius, Z. physik. Chem., 31, 197 (1899); Z. Electrochem., 6, 10 (1900). Euler, 
Z. physik. Chem., 32, 348 (1900). 
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well as of other electrolytes in the presence of the neutral salt. This is 
possibly due, as Stieglitz^ has emphasized, to an increase in the ionizing 
power of the solvent from the presence of the strong electrolyte. 

This explanation is unquestionably a natural one and may possibly 
serve to account for the “salt effect'* in the catalysis studied in this paper. 
In the determinations in which hydrochloric acid was used (see pages 88 -89), 
the dilution was such that the acid may be regarded as almost completely 
ionized in the aqueous solution alone. The only electrolytes left for con¬ 
sideration (aside from the salt it.self), are, consequently, the water and the 
dye. 

Now, as regards the solvent, it may be noted that any moderate in¬ 
crease in the dissociation of water would not lead to a large increase in the 
concentration of the ion. And even though the effect of both II^ 
and OH~ ions from such dissociation is in the direction of diminishing 
the speed of this reaction, it seems difficult to understand how alterations 
in the reaction velocity, corresponding to such an increase in the con¬ 
centration of the 11^ ion (200% and more) above that of the acid present, 
can be caused solely by an increased ionization of water in the presence of 
electrolytes. 

We arc, consequently, led to consider the dye. As regards the methyl 
violet, it may be noted that the condition of equilibrium between carbinol 
and dye stuff is not a simple one. The three amine groups prc‘scnt the 
possibility of mono-, di- and tri-acid salts and these must all be talcen into 
consideration in any equilibrium between carbinol and dye in the presence 
of excess of acid. While this is true, the effect of a heightened ionizing 
power of the solvent, through the influence of neutral salts, may possibly 
be safely regarded as producing an alteration in equilibrium between 
carbinol and quinoid forms equivalent to that resulting from an increase 
in concentration of ion. 

Of interest in this connection is the effect of a neutral salt upon a neutral 
solution of a rosaniline dye. As I have already shown, the addition of a 
chloride such as sodium chloride to a solution of a dye of this series con¬ 
taining a little hydrochloric acid, causes a shift of color tint in the direc¬ 
tion effected by an increase in the concentration of the H"*" ion.® Addi¬ 
tion of such a salt to a neutral solution of such a dye does not apparently 
affect the color tint. 

A number of investigators have suggested the possible formation of 
complex ions on the addition of salts; while Acree has called attention 
to the possible participation of the non-ionized salt in a catalysis.^ That 

1 Stieglitz, This Journal, 32, 224. ''Qualitative Chem Analysis,” 1911, page 

109. 

* See also Szyszkowski, Z, physik. Chem., 58, 420 (1907) 

* Am. Chem. 48, 365 (1912). 
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an undissociated electrolyte may act as a catalytic agent, I have, indeed, 
shown ^ in the case of the cinchona alkaloids, where the speed of the con 
version is found to be a function of the molecular concentration of the 
undissociated organic acid. The experimental data are, however, as yet 
insufficient to enable us to pronounce upon the merits of either of these 
hypotheses as applied to the action of salts in this catalysis. 

The hypothesis considered by Goldschmidt, and others,^ in explaining 
the “neutral salt effect” regards a possible parallel action of ions and of 
undissociated molecules. This has been studied by Stieglitz in the case 
of the imido>esters. Such an hypothesis might be applied to the ionized 
and non-ionized molecule of the rosaniline dye, but here again the ex¬ 
perimental data are insufficient to lead to any conclusion. 

A possible factor in the salt effect, to which I believe attention should be 
called, is the increased mobility of the ion resulting from tlie presence 
of a salt. As shown by Nernst^ and later developed b}’' Planck"^ and by 
Pleijel® the diffusion constant of hydrochloric acid is found to increase 
in salt solutions of increasing salt concentration. However this may be 
accounted for, the resulting dynamic effect of this increase would naturally 
be a heightening of the activity of the ion. 

7. The Speed oj the Reaction as a Dynamic Method in Determining the 
Concentration of the Ion .—^The action of a neutral salt in shifting the 
color tint of a dye as noted above, indicates how misleading the results 
may be in employing a colorimetric method such as that of Salm® in 
estimating under such circumstances the concentration of the H"*" ion 
in a solution, when no account is taken of the “salt effect.” Even in 
the absence of salts, the static method of Salm leaves much to be de¬ 
sired from the standpoint of .accuracy. 

While subject to the same disturbing influence of neutral electrolytes, 
the speed of the conversion of the carbinol base into the quinoid dye 
naturally suggests itself as a kinetic method for measuring the concentra¬ 
tion of the H"*" ion in the absence of appreciable quantities of salts. Al¬ 
though in no way presenting the wide range offered by the inversion of 
cane sugar or the saponification of an organic ester, nor possibly the 
accuracy, obtainable through the decomposition of diazo-acetic ester, ^ 

^ Biddle, Ber., 45, 2832 (1912). 

2 Goldschmidt, Z. physik. Chem., 70, 627 (1910); 8x, 30 (1912); Z. Elektrochem., 
17, 684 (1911)- Brcdig, Z. Elektrochem,, 18, 535 (1912). Snethlage, Ibid,, 18, 339 
(19x2). Acree and his coworkers, Am. Chem. J., 48, 353 (1912); 49, ii6, 127, 345, 
369, 474 (1913). Stieglitz, This Journai,, 34, 1689 ^912). 

« Z. physik. Chem., 2, 613 (1888). 

♦ Planck, Wied. Ann., 40, 56 (1890). 

® Pleijel, J. physik. Chem., 72, i (1910). 

• Z. physik. Chem., 57, 471 (1906). 

^ Bredig, Verhandlungen des Naturhistorisch—Medmnischen Vereins zu Heidel¬ 
berg, N. F., 9, I (1907). 
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yet the ease with which measurements may be made invites a brief con¬ 
sideration of the possibilities presented. 

A study of the graph in Fig. 2, as we have already noticed, 
reveals the fact that with ion concentrations greater than 5.5 X 
molal, the variations in speed of the reaction with varying concentration 
of the ion are too slight to render them of any value in determining 
such concentrations with any degree of accuracy. On the other hand, 
variations of ion concentration within the range of 1.55 X io“® to 
3.4 X 10"^ are accompanied by such marked increase in the speed of color 
change that, within this range, the latter might be employed to detect 
very slight variations in the former. Within this range, however, the speed 
experiences marked alteration with slight variations in temperature. 
Measurements for comparison, consequently, must be made at some 
fixed temperature, otherwise large error will be introduced.^ The tem¬ 
perature effect becomes less in passing from 1.55 X lo'® to 5.5 X io~* 
molal concentration of the ion, and within this range such concentra¬ 
tion should be determined from the speed of the reaction with a fair 
degree of accuracy. 

Within a limited range of concentration of ion, the speed of this 
color change may thus be used to determine the value of the concentra¬ 
tion. Within this range, the degree of accuracy much exceeds any possi¬ 
bility presented by any static colorimetric scheme such us that worked 
out by Salm. Unfortunately, ho\rever, the range in the case of any 
one indicator is small. At the same time the possibility presents itself 
of extending this range through a careful study of a number of basic dyes 
such as rosaniline, pararosaniline, and malachite green on the one hand 
and of acid dyes such as phenolphthalein and thymolphthalein on the 
other. Work is being carried forward in this direction in this laboratory. 

To determine something regarding the possible accuracy of this method 
in estimating the concentration of the ion, measurements were made 
of the speeds of reaction in a number of acid solutions and the calculated 
concentration of the ion was compared witli that derived from the 
graphs of Figs, i and 2 The quantity of salt present in each case 
was too small to diminish, to any noticeable extent, the speed of the 
reaction through the '‘neutral salt effect.'* The degree of dissociation, 
a, of one gram-molecule of the weak acid in volume, V, in tlie presence of 
its salt was calculated from the equation, a(a + nb)/{i — o)V = K, 
where n equals the number of gram-molecules of the salt with the degree 
of]Jdissociation, 6, in volume, V.^ The potassium acetate formed by the 

^ In the experimental determinations made in this paper temperature variations, 
amounting to **=0.2® are allowed for, although in many cases the variation was less 
than this. 

2 Arrhenius, "Theories of Solutions,"|page*i66. 
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alkali from the methyl violet in examples 2-5, is assumed in each case to be 
completely dissociated, while the minute quantity of acetic acid neutralized 
by the alkali in these cases is ignored (the error introduced by these 
assumptions is negligible). The sodium acetate added in example (5) 
is regarded as dissociated to the extent of 90%. Following are the re¬ 
sults obtained: 

Up to the present time the dyes of the triphenylmethane series which 
have been studied in this catalysis are those possessing two and three NHt 
groups. To determine the possible influence of the several NH2 groups 
upon this reaction velocity the study is being extended to monamino- 
triphenylcarbinol and its derivatives.’ In these simpler cases the com¬ 
plex conditions introduced by the formation of diacid (and triacid) salts 
wiU naturally be eliminated. The results obtained here will, we trust, 
throw further light upon the catalysis of the cinchona alkaloids, in 
which substances the elimination of the “quinoline nitrogen” or second 
nitrogen atom was not feasible without destroying the nature of the 
alkaloid complex. 

Study is, furthermore, in progress in conjunction with Messrs. Ludwig, 
Rosenstein and L. Q. Adams, of this laboratory, with regard to the ab- 
f;orption spectra of solutions of a rosaniline dye containing increasing quan¬ 
tities of an acid, in the hope of securing fuller information as to the ex¬ 
istence and nature, in the solution, of the mono-, di- and tri-acid salts of 
the dye. 

Summary. 

1. In the conversion of a rosaniline dye from the colorless to the colored 
form, the speed of the reaction in the approach to the equilibrium color 
is a function of the diminishing concentration of the H''" ion. 

2. The speed of the reaction, unlike that of the conversion of the cin¬ 
chona alkaloids into their toxins, is independent of the nature of the acid 
present and is consequently not, as in the latter case, a function of the 
molecular concentration of the acid. 

3. The speed of the reaction increases with rise of temperature, the rate 
of increase rising with diminishing concentration of the ion. 

4. Neutral salts in diminishing or increasing the degree of dissociation 
of a weak acid correspondingly increase or diminish the speed of the 
reaction in the presence of such an acid. 

5. The “neutral salt” effect gives rise to a shift in color and a diminu¬ 
tion in the speed of the reaction corresponding exactly with tlie results 
produced by an increasing concentration of the H’*’ ion. 

6. Within certain limited ranges the speed of the reaction may be used 

^ Work in this direction is being carried on by Mr. L. W. Stebbings of this labora¬ 
tory. 
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as a dynamic method for determining, with fair precision, the concentra¬ 
tion of the H'*' ion. 

B]SRKSi.sy, Cali?. 

THE CONSTITUTION OF ACETYLACETONE-UREA. 

By WiLUAM J. Hale. 

Received October. 16, 1913. 

As first reported by Evans^ and shortly afterwards by A. and C. Combes^* 
the condensation of acetylacetone and urea may proceed in either of two 
ways. The more stable product, called by Evans, acetylacetone-urea 
and the second, called diurimidoacetylacetone, were described at length 
in a second contribution.^ The condensations were looked upon as 
proceeding in the following manner: 

CHs — CO TTaN CH3 — C = N 

II II 

CTI2-f CO —> H2C CO [i] 

II i I 

CHa — CO II2N CH: — C =- N 

CHa — CO H2N CO.NIIa CHs — C - N.CO.NHa 

1 I 

CH2 + —> CH2 [4] 

I • I 

CHa — CO H2N.CO.NH2 CH, — C - N.CO NH2 

The ease with which this acetylacetone-urea gave salts with heavy 
metals was thought to be due to its ready transformation into an enolic 
form [2 ]: 

CHa — C - N CHa — C = N 

[i] H2C CO HC C —OH [2] 

II II '! 

CHa — C - N CHa — C — N 

If this assumption were correct we should have, for consideration, a 
2-hydroxypyrimidine; a compound of the type described by Hale and 
Brill^ in work upon urea and a / 3 -dialdehyde. Witli the exception of 
certain uracil derivatives,^ which may exist in such tautomeric form, we 
note a marked absence of description of 2-hydrox)^p)^imidines in the 
Kterattme. It seemed well, therefore, to undertake further investigation 
upon this product of Evans’ in order to study the distinctive properties 
of 2-hydroxypyrimidines as a class. 

According to ICvans, the usual reactions characteristic of an hydroxyl 

1 J . prakt . Chem,, [2] 46, 352 (1892). 

* Bull . soc. chim., [3] 7, 791 (1892). 

* J . prakt . Chem., [2] 48, 489 (1893). 

* This Journai^ 34, 82 (1912). 

* J . prakt . Chem.t [2] 47, 201 (1893). 
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group failed entirely in this compound; neither benzoyl nor acetyl esters 
could be prepared; no definite compound could be obtained by the action 
of methyl iodide upon the dry silver salt; and the alkali salts were ob¬ 
tainable only with difficulty by reason of marked hydrolysis. From such 
evidence we are led at once to the conclusion that a true imiiio base is 
most likely present. 

A very careful study of the condensation products of acetylacetone 
and urea has been conducted by de Haan.^ His work indicated the imino 
formula [3] as a possible structure for acetylacetone-urea, and a mode of 
condensation represented as follows: 

CHa — CO H2 N CH — C - N 

I • I I i 

HCH 4 - CO —HC CO [3] 

I I I. I 

HO C Oil H NH CHa — C — NH 


CHs 

Tautomeric, with this product, de Haan assumed that a quinoid form [i ] 
must be considered in order to account for certain color changes in the 
compound itself and in its derivatives. He does not, however, argue 
to the exclusion of the enolic form proposed by Evans, hence we have, for 
our consideration, the following possible tautomeric formulas: 

CII, — C = N CH, —•C - N CH, — C = N 

i I i I II 

H2C CO hc coh hc co 

II II II II I 

CHa — C - N CH, — C — N CH, — C — NH 

(i) (2) (3) 

As first prepared, acetylacetone-urea crystallizes from water with 2 
molecules of water of hydration. These crystals, prepared with care and 
without access of light, are perfectly colorless. When, however, this 
aqueous solution falls under the influence of heat, or light, lemon-yellow 
crystals are obtained; the same product as that which results upon ex¬ 
posing the colorless crystals to direct sunlight. Both forms of crystals 
lose their two molecules of water by long standing in the air but better 
over calcium chloride, de Haan has shown conclusively that a colorless 
nitrate can be prepared from the colorless form of crystals, and likewise 
a red-colored nitrate from the colored form. From a series of optical 
measurements upon the colorless and colored forms of acetylacetone-urea 
scarcely no difference could be detected between the two. The relation 
between the colorless and colored forms may well be represented as in 
[3] and [i], respectively. Though de Haan gives preference to the imino 
form, he maintains that the second possible structure for the colorless 
* Rec, trap, chim., 27, 162 (1908). 
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compound, namely an enolic form of dimethylketopyrimidine [2], must 
be considered. This latter is, of course, the structure already proposed by 
Evans to explain the tendency toward salt formation in the compound. 
Without doubt, we may conclude that the original formula assigned by 
Evans to acetylacetone-urea, the quinoid form [i], may be taken to 
represent the colored product. For the colorless substance there remain 
therefore the two possibilities [2] or [3], for which we shall select that one 
best substantiated by the facts at hand. 

Evans prepared acetylacetone-urea by allowing urea and acetylacetone 
to react in alcoholic solution in the presence of a large quantity of either 
concentrated sulfuric or hydrochloric acid. From the corresponding 
salts, which crystallize out, the free substance was easily obtained in 
aqueous solution by the action of barium carbonate or silver oxide, re¬ 
spectively. In place of this acetylacetone-urea Evans found that, by 
use of a much smaller quantity of acid and a relatively large portion of 
urea (2 molecules), an entirely different product resulted, a so-called 
diurimido-acetylacetone in the form of the corresponding acid salt. To 
this product Evans assigned the structure [4]. In solubilities and melt¬ 
ing point (197°) it was found not much unlike those of acetylacetone-urea. 
When the hydrochloride in aqueous solution was warmed with silver 
oxide, acetylacetone-urea and free urea were obtained. Though the 
presence of one free ureide group may .thus be confirmed, the presence of 
only one is not established. There remained, therefore, the supposition 
that we had here two free ureide groups until the work of de Haan gave us 
the correct interpretation of the structure of this compound, namely, that 
of a monoureide of a ring substance, this same acetylacetone-urea ring. 

de Haan best prepared this product by allowing an absolute alcoholic 
solution of urea (2 molecules) and acetyl acetone (i mol) to stand for 
several days. The colorless crystals separating out are practically in¬ 
soluble in alcohol, but fairly soluble in water. This substance is the 
principal product obtained when acetylacetone and urea are allowed to 
react without any large quantity of acid condensing agent. The con¬ 
stitution [5] assigned by de Haan makes it a 6-ureido-4,6-dimethyl-2- 
keto-2,3,6,i-tetrahydropyrimidine, or as de Haan reported, a 4,6-di¬ 
me thyl-2 -ketopyrimidine-urea. 

Readily acted upon by nitric acid with evolution of gas, the presence 
of only one free urea group is indicated; the residue is the nitrate of di¬ 
methylketopyrimidine. Again, by the action of strong alkali, the libera¬ 
tion of ammonia corresponded with the decomposition of one free urea 
group, and gave a residue of dimethylketopyrimidine alkali salt As 
might be expected, a small quantity of crystals of this dimethylketo- 
pyrimidine-urea were obtained when unimolecular quantities of dimethyl¬ 
ketopyrimidine and urea reacted together. 
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According to the method of M. Combes, complete solution between 
acetylacetone and urea is effected when they are warmed together for 
several hours upon a water bath. Upon cooling and digestion of the 
crystalline mass with alcohol, a small quantity of an insoluble product, 
melting at 290°, is left undissolved. From the alcoholic solution, how¬ 
ever, a considerable amount of the dimethylketopyrimidine-urea is ob¬ 
tained by crystallization. The insoluble substance is obtained in some¬ 
what better yield when acetylacetone and an excess of two molecules of 
urea are allowed to stand in aqueous solution at room temperature. The 
yellow tinged crystals separating out were investigated by dc Ilaan and 
called 2,4-diureinopentane [6]. 
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After somewhat longer standing of this aqueous reaction-mixture, a 
small quantity of crystals of dimethylketopyrimidine-urea make their 
appearance. This diureinopentane is produced in small quantities only. 
It is not acted upon by cold nitric acid, and thus the absence of a ureide 
chain is confirmed, tiy prolonged action of nitric acid or boiling with 
dilute acid, decomposition of the molecule ensues and dimethylketo- 
pyrimidine nitrate results. This production of diureinopentane from 
aqueous reaction-mixtures recalls somewhat the condensation between 
urea and diacetyl leading to the production of dimethylglycoluril,^ the 
properties of which differ in no marked extent from this substance. 

de Haan further studied the condensation of urea with the two methyl 
derivatives of acetylacetone. Monomethylacetylacetone condensed very 
slowly with urea in the presence of sulfuric acid, but better by simple 
fusion of the two substances alone. In aqueous solution they also con¬ 
densed and yielded both 2,4-diureino-3-methylpentane [7] and 4,5,6-tri- 
methyl-2-ketopyrimidine-urea [8], the latter the more soluble in alcohol: 
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^ Eranchimont and Klobbie, Rec. trav. chim.^ 7, 251 {1888). See also Widman, 
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Either of these products, practically colorless, when carefully treated 
with nitric acid, gives the yellow crystals of 4,5,6-trimethyl-2"ketopyTimi- 
dine [9] as nitrate. 

CHs — C - N 

I I 

CHa —C CO [9 1 

I I 

CH, — C — NH 


The free product (melting point 209-10®) is colorless and resembles the 
dimethyl derivative previously described. The tendency here to develop 
color is only slight; neither by heat upon its aqueous solution nor by 
action of methyl iodide upon its alkali salt is any color change observed. 
Nitric acid alone seems able to bring about this change to a yellow salt. 

In the study of dimethylacetylacetone and urea, colorless crystals of 
2,4-diureino-3,3-dimethylpentane were obtained in small quantity. By 
the action of nitric acid the methyl groups are lost and possibly a 4,6-di- 
methyl-5,5-dihydroxy-2-ketopyrimidine produced. 

Extensive work upon the condensation of aldehyde with this acetyl- 
acetone-urea was carried out by Stark. ^ It was thought that the methylene 
group of the quinoid form [i] would readily lend itself to condensation 
with aldehydes. Stark, however, found that the methyl groups, since 
they were attached to carbon atoms possible of double ties with another 
atom, entered more readily into this condensation; a tendency, according 
to the structure, that may be compared with a-quinaldine reactions. 
With piperidine as condensing agent, one which favors strongly the keto- 
pyrimidine formula, the monobenzal, obtained from benzaldehyde and the 
pyrimidine, appears in colorless form, showing therefore that the condensa¬ 
tion must have proceeded from formula [3] to the structures shown in 
[lo]. It is readily soluble in alcohol, and, under the influence of light, 
heat and possibly benzaldehyde itself, it goes over into the quinoid form, 
whereupon a second methyl group becomes possible of reaction, giving 
thus a golden yellow dibenzal of formula [ii]: 
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With />-oxybenzaldehyde and vanillin, the first condensation products 
* Ber., 43, 699 (1909). 
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are only difficultly soluble and hence do not readily tautomerize. Conse¬ 
quently the monobenzal derivatives only are formed. These mono 
derivatives, however, develop color with acids, and thus enter into quinoid 
form. 

Further confirmation of the quinoid structure for acetylacetone-urea, 
in colored form, has been clearly presented by Stark in his later con¬ 
tributions.^ The work of Majima* upon alkylguanidines and aceto- 
acetic ester would indicate also this quinoid structure for the colored 
product. So also this structure has been indicated by St. Angerstein® 
and again by Wheeler and Jamieson^ from entirely different sources. 

Throughout the work of Evans, de Haan, Stark, and others no mention 
is made of investigating an alkyl derivative of urea in connection with the 
ketone. It seemed advisable, therefore, to bring into this study the 
possible reactions between acetylacetone and monomethylurea If 
Evans* theory of a diurimido product were correct then we might hope to 
obtain the corresponding symmetrical dimethyl-diurimido-acetylacetone 
(cf. 4). Again, by condensation in alcoholic solution with great con¬ 
centration of acid, we should obtain an acetylacetone-methylurea [12] 
in the following manner: 

CHa — CIO H2 N CH, — C - N 

II II 

HCH CO —HC CO [12) 

II II I 

no C OH H N — CII3 cila — C N—CH, 

I . 

CH3 

Though the greatest care was exercised in order that the condensation 
between these substances might proceed in the presence of only the smallest 
amount of acid (method of Evans* above), scarcely enough to form the 
corresponding salt, there separated from the alcoholic solutions in each 
and every case the same colorless crystalline mass as was obtained when 
greater concentrations of acid were employed. Analyses and properties 
indicated that the product was not a simple ureide but one of ring struc¬ 
ture, and this again not of the possible quinoid form of acetylacetone-urea, 
but a metliyl derivative of the imino form [3]. If we retain the name 
acetylacetone-urea for the colored or quinoid structure we may logically 
call the imino form a dimethyl-2-ketopyrimidine and consequently this 
new product will be a 3,4,6-trimethyl-2-keto-2,3-dihydropyrimidine I12]. 

In fact the ease, with which this pyrimidine derivative is formed, would 
suggest that even with urea a similar condensation to ring structure should 
1 Ber., 42, 708 {igog); Ibid,, 42, 1126 (1909); Ann., 381, 143 (1911)- 
* Ber., 41, 176 (1908). 

« Ibid., 34, 3756 (1901). 

< Am. Chem. J., 32, 356 (1904). 
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not be unexpected in the presence of mild condensing agents; a result 
exactly in keeping with de Haan’s conclusions that Evans* diurimido- 
acetylacetone is merely a derivative of acetylacctone-urea, which latter 
is really tlie first product of the reaction. 

When methylurea and acetylacctone are warmed together on the 
water bath or allowed to vStand either in alcoholic or aqueous solutions, 
no marked reaction takes place, though from alcoholic solutions a small 
quantity of the methylpyrimidine could be removed. With this condensa¬ 
tion proceeding so well in the presence of acid, it appears most difficult to 
accomplish without the acid condenvsing agent, a result not unlikely with 
alkyl ureas. In similar manner many efforts w^erc made to condense 
imsymmetrical dimethylurea with acetylacetone by means of acid, and 
thus possibly obtain a simple ureide of chain structure, but in each case 
no positive results were obtained. Though such condensation may 
possibly be effected by other means, the failure in presence of acid is the 
point of comparison here made. If a mono-ureide of the ketone is pro¬ 
duced, its stability seemingly is not assured till further condensation into 
ring form is effected. 

The product of the condensation between methylurea and acetyl¬ 
acetone is much more soluble in the ordinary solvents than the corre¬ 
sponding ketopyrimidine of Evans. Reactions indicate the absence 
of any free ureide group. The position of the methyl group upon the 
3-N atom was confirmed by the Hcrzig-Meyer reaction by which methyl 
iodide was given off only at very high temperatures. This trimethyl- 
ketopyrimidinc, unlike the dimethyl derivative, refuses altogether to give 
metallic salts; there can be then no ionizable hydrogen. With the N-alkyl 
firmly fixed the reactions for a tertiary nitrogen atom always persisted 
under many possible reactions. 

The ease of formation of this trimethylketopyrimidine, without the 
production of an intermediate diurimido product, argued strongly for a 
similar procedure when urea and acetylacetone entered into condensation, 
though here with less speed than in the former case where an imino hy¬ 
drogen is well situated to effect the ring closing. There is also no tendency 
for the methylurea condensation product to combine with another mole¬ 
cule of the alkyl urea to produce a possible pyrimidine-methylurea in 
analogy with the urea condensation [cf. 5 ]. The loss of acid characteristics 
in the trimethylketopyrimidine possibly explains this further inactivity 
toward a second molecule of the base, urea, in effecting this result. 

With the structure of the trimethylketopyrimidine so well in hand, it 
appeared all the more possible to establish the structure of the dimethyl- 
ketopyrimidine of Evans by a simple methylation. If the methyl group 
entered upon an hydroxyl, as shown in the constitution [2] supported 
both by Evans and de Haan, we should have a trimethyl derivative 
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entirely different from the one just described. If, on the other hand,, 
the methylation took place on the imino group, as shown in [3], we should 
have accordingly a 3,4,6-trimethylketopyrimidine of the identical struc¬ 
ture as that product obtained from methylurea and acctylacetoue, con- 
.^tituting a clear and direct proof of the structure of the colorless dimethyl- 
ketopyrimidinc. 

Attempts to carry out this methylation of Rvans’ product were at 
first unsuccessful. Both Evans and de Haan describe the failure at¬ 
tending the reaction of alkyl iodides upon the silver or alkali salts of the 
ketopyrimidine. In such cases, however, a deep red colored product 
cotild be separated from the reaction-mixture. Attempts were then made 
to methylate, by means of dimethylsulfate, but the product here, as in the 
previous method, turned cjuickly to a deep red color. The residue from 
the action of methyl iodide upon the silv^er salt was indeed beautifully 
crystalline but gave, in aqueous solution, a copious yellow precipitate of sil¬ 
ver iodide when treated with a soluble silver salt. This presence of iodide- 
ion indicated an ammonium salt and possibly here an alkyl iodide addi¬ 
tion product to one of the nitrogen atoms. Further work showed the 
correctness of this view. In order to test further this possibility, a methyl 
alcoholic solution of the free dimethylketopyriniidine was warmed over a 
water bath with meth} ! iodide. After a short time the solution, upon 
spontaneous evaporation, gave colorless needle-like cliusters of crystals. 
These, when removed and analyzed, confirmed our supposition and estab¬ 
lished the sxibstance as a simple addition product of the free dimethyl- 
pyrimidine and methyl iodide. In the action of this halide upon the silver 
salt of the pyrimidine, there is no doubt a first formation of triniethyl- 
ketopyrimidine and then, later, an alkyl iodide addition product of the 
latter. 

By reason of this great tendency to form addition products with alkyl 
halides and acid salts, an entirely different method for methylation was 
undertaken. This method consisted in the use of diazomethane of 
V. Peclimann. The anhydrous dimethylketopyrimidine was dissolved in 
chloroform (or methyl alcohol) and the vapors of diazomethanc led into 
the solution, after which the vessel was closed and set aside for an hour 
or more. Upon spontaneous evaporation of this solution, there ap¬ 
peared colorless crystals of trimethylketopyrimidine melting at 63°, 
identical in all respects with that trimethyl derivative obtained by con¬ 
densation of methyl urea and acetylacetone It is thus seen that the 
alkylktion by diazomethane takes place upon the imino hydrogen atom, 
it matters not if the starting point be the dried yellow quinoid form, the 
acetylacetone-urea according to Evans’ formula, as the tautomeric imino 
form is readily produced and methylation proceeds in the manner out¬ 
lined. If the supposition of Evans and de Haan were correct and a 
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^possible hydroxyl group here present, then this action of diazomethane 
would lead at once to a methoxyl derivative. The product, however, 
•does not contain a methoxyl group and, hence, we conclude that the 
colorless form of the dimethylketopyrimidine exists alone in the imino 
type. 

The trimethylketopyrimidine obtained by alkylation showed a some¬ 
what greater tendency to take on a red color than that product from the 
condensation of methyl urea and acetylacetone. Though the cause 
of the red color is unknown it has been thought due to a possible tautom- 
•erization, or shifting, of the methyl group to the 5-carbon atom. The 
product thus formed would coincide exactly in constitution with the 
trimethyl derivative [9] of de Haan, but as this latter has been shown 
to be even less colored than the free dimethylketopyrimidine, the 
hypothesis lacks substantiation. The trimethylketopyrimidine remains 
much longer colorless when confined in vacuo. 

In order, now, to prove the constitution of the addition product re¬ 
sulting from the action of methyl iodide upon dimethylketopyrimidine 
there remained only to treat this addition product with alkali and liberate, 
if possible, a trimethyl derivative. The chloroform extract of this methyl 
iodide addition product, when treated in aqueous solution with potassium 
hydroxide, gave upon spontaneous evaporation, the reddish tinged crystals 
of the 3,4,6-trimethyl-2-ketopyrimidine, thus proving that the addition 
product can readily be converted into the trimethyl derivative, and 
further indicating the possible addition of methyl iodide to that nitrogen 
in the imino group. 

The absence of an hydroxyl group in Evans' product is no longer m 
•question. The complete failure of acetylacetone-urea to react with 
acetyl chloride or benzoyl chloride led to this early assumption. The 
presence, however, of an imino group in our accepted formula, naturally 
leads to the supposition that benzene sulfochloride (Hinsberg’s test) 
should react with this substance. Practically the only exceptions to 
Hinsberg's reaction are just those of this type of compounds where a 
secondary nitrogen atom is situated adjacent to a carbonyl group and 
functions thus both as acid and base. Repeated and persistent efforts in 
•carrying out this test, both for the colored and colorless forms of the di¬ 
methylketopyrimidine, failed to give any appreciable quantity of product 
insoluble in the alkali. This failure of reaction, however, can not be 
•construed, as just pointed out, to negative other results. The tautom- 
»erism between the colored acetylacetone-urea and its colorless form, 
4,6-dimethyl-2-ketopyrimidine, must lie between the formulas here 
shown: * 
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2 - ket o-2,5 dihydropyrimidine.) 


Clh -- C - N — IT 
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Experimental Part. 

Acetylaceionc-nrea (/).—The method of preparation was, in general, 
that described by vSlark.^ Ten grams of urea were dissolved in 160 
grams of alcohol and to the cooled solution 10 grams of acetylacetone 
and 30 grams of concentrated sulfuric acid added as quickly as possible. 
The wxll-mixed solution (set aside in ice-box) deposited cr^^stals within 
a few hours; all told, about 12 grams of the sulfate salt were obtained. 
When a solution of this sulfate^ is boiled for a few minutes with barium 
carbonate and the clear filtrate evaporated nearly" to dr^mess over a water 
bath, there separate, upon standing, large yellow^ prisms of the acetyl- 
acetone-urea [i], containing two molecules of w’ater of crystallization. 

4 /)-Dinicihyl~ 2 'kcto- 2 yj~Jiliydropv)wiiiiine (j ).—When the reaction-mix¬ 
ture just described for the preparation of acetylacetone-inea is set aside in 
the dark and the salt separating out dissolved in a small quantity of water 
and digested wdth an emulsion of freshly precipitated barium carbonate, 
a clear filtrate, free from sulfate-ion, is easily obtained. This solution, by 
spontaneous evaporation in the absence of light, gives beautiful colorless 
crystals of the dime thy Ikeb^pyriinidinc. 

0.4782 gram air-dried salt lost over CaCb 0.10S2 gram 1120. 

Calculated for CJisONa 2H<.0: It/), 22.5o^^( I»\mnd. IbO, 22 62%. 

The colorless product, just as the colored product, contains exactly two 
molecules of water of crystallization. The two products, as alread)^ 
stated, differ scarcely at all in crystalline •ft)rm. de llaaii describes 
them as monoclinic, but in the case of the colorless, there is a slightly 
greater difference in the angles between the faces in the zone of the ortho¬ 
diagonal tlian in the other. They each melt at 197°. 

A potassium salt can be prepared from an aqueous solution of these 
products. It is, however, completely decomposed by the action of caibon 
dioxide in the air. The application of lliiisberg’s test by warming a small 
quantity of these products with benzene sulfochloride and sufllcient alkali, 
gave no appreciable quantity of oily or insoluble matter. The white 
insoluble silver salt is readily prepared by adding silver nitrate to an 
aqueous solution of either the yellow or colorless products. The red 
crystalline substance, obtained by action of methyl iodide upon the silver 
salt, suspended in methyl alcohol, is very soluble in water. It showed 
1 Ber„ 42, 699 (1909). 
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reactions for an iodide and is undoubtedly a methyl addition product 
of the trimethylketopyrimidine first formed. Mercuric chloride also 
gives an insoluble salt with the pyrimidine. Platinic chloride does not 
give an addition product, 

Acetylacetone-urea Methyl Iodide Addition Product, —C6H8ON2.CH3I.— 
One gram of the well dried yellow acetylacetone-urea was dissolved in 
10 to 25 cc. of methyl alcohol and a few grams of methyl iodide added. 
The contents of the flask were heated to boiling for an hour or two under a 
reflux condenser, and afterwards allowed to evaporate in vacuum desic¬ 
cator. The colorless crystals of the addition product slowly separate, 
but upon standing in the air, readily develop a red color. The yield was 
1.9 grams, or 88% of the theoretical value. 

Calculated for C7HnON2l: T, 47.71; found: 47.83. 

Methylation of Acetylacetone-urea. —As previously stated, the action of 
methyl iodide upon the silver salt of the dimethylketopyrimidine, as 
well as the action of dimethyl sulfate upon this substance, gave no satis¬ 
factory results, owing to the formation of addition products and deep 
-coloration w’hich these underwent. The use of diazomethane, however, 
proved most satisfactor}^ In accordance with the method of v. Pech- 
mann^ the yellow vapors of diazomethane were led into a cooled chloro¬ 
form solution of the dried acetylacetone-urea and the vessel stoppered 
and allowed to stand for an hour or two. Upon spontaneous evaporation 
of the solution in a vacuum desiccator, colorless crystals of the free tri¬ 
methylketopyrimidine were obtained. Reciy^stallized from benzene, the 
product melted at 63 ® and proved identical in all other respects with the 
trimethylketopyrimidine prepared from methylurea and acetylacetone 
as described below. When the two were mixed the melting point of the 
mixture remained constant at 63 

Condensation of Methylurea with Acetylacetone, —Six grams of methyl 
urea and 9 grams of acetylacetone were dissolved in 30 cc. of alcohol and 
cooled. To this mixture, 30 grams of concentrated sulfuric acid were 
added and the flask with its contents set aside in a cool place. The 
further ad4ition of a little alcohol, in the course of a day or two, increases 
somewhat the total precipitation of crystals. At the end of three days 
16.6 grams of crystalline product had separated. This product, a sulfate, 
was dissolved in a small quantity of water and the solution neutralized 
with sodium hydroxide, and then extracted with chloi'oform. From the 
chloroform extract 9,4 grams of the colorless base were obtained, i, e,, 
practically 84% of the theoretical amount of trimethylketopyrimidine 
possible from the weight of methylurea taken. In the form of sulfate, 
this^product crystallizes well from alcohol. 

H2SO4 calculated for C7HioON*.H*S04: 41.53; found: 41.89. 

* Ber„ 28, 851 (1895). 
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The condensation of methylurea and acetylacetone was also conducted 
in the prcvsence of only sufficient sulfuric acid to form the calculated 
amount of sulfate, and at the same time an excess of the urea (2 mol) 
used. It was hoped that, by this means, a compound of the type described 
by Evans as a diurimido derivative might be prepared. In all cases the 
crystalline product obtained was no greater in weight than that where 
molecule to molecule was used. By analysis, the salt, crystallized from 
alcohol, accorded with the previous results: 

H2SO4 calculated for C7H10ON2.B2SO4: 41 53; found: 41.98. 

We may conclude, therefore, that the pyrimidine ring is formed at once 
in this acid reaction-mixture. The free substances obtained by neutraliz¬ 
ing the sulfate salt, obtained either by the use of concentrated acid or by 
this latter method, melted at the same point, 63°, and proved identical. 
3,4,6-Trimethyl-2-keto-2,3-dihydropyrimidine is readily soluble in water, 
alcohol, chloroform, acetone or acetic ester; fairly soluble in ether, benzene, 
carbon disulfide; and insoluble in ligroin. It crystallizes well from ben¬ 
zene and melts at 63 

0.2055 gram substance gave 0.4593 gram CO2 and 0.1387 gram H2O. 

0.1634 gram substance gave 30.9 cc. N2 (25°, 739.3 mm. over H2O). 

Calculated for C7H10ON2: C, 60.82; H, 7.30; N, 20.31. 

Found: C, 60 95; H, 7.55; N, 20 53. 

This product of condensation, as before stated, is identical with the tri- 
methylketopyrimidine obtained by methylation of acetylacetone-urea. 
It is, however, in a much purer form, requiring but one or two crystalliza¬ 
tions for final purification. 

The preparatioti of tliis trimethylketopyrimidine, by condensation 
in the presence of hydrochloric acid, was found equally as practical as 
with sulfuric acid, but with a somewhat longer period of time necessary. 
The hydrochloride salt crystallizes well from alcohol in colorless prisms. 
Calculated for CrHioONz.HCl: HCl, 20.88; found: 20.78. 

Zeisel’s method, for the determination of methoxyl groups, gave negative 
results with this trimethylketopyrimidine, but at high temperatures, 
200-300®, Herzig and Meyer’s method succeeded in driving,off methyl 
iodide sufficient to indicate that, at least, one methyl group attached to a 
nitrogen atom was present in the molecule. 

Ann Arbor, Michigan. 

THE RELATION BETWEEN THE BOILING POINT AND COM¬ 
POSITION OF A MIXTURE OF ETHYLIODIDE 
AND ETHYL ALCOHOL. 

By Sarat Crandra Jana and Jitendra Nath Sen Gupta. 

Received October 26 , 1913. 

The boiling points, or the vapor pressures, of mixtures of liquids have 
been determined by many investigators. For non-miscible liquids, such 
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as chlorobenzene and water, this can be accurately calculated by the law 
of partial pressures. The whole pressure at any given temperature is 
equal to the sum of the partial pressures of the two components at the 
given temperature. Thus, one can easily calculate the boiling point of 
the mixture if he knows the composition of the liquid phase and the pres¬ 
sure under which the distillation is carried on. The relative masses oi 
the vapors in a given volume can also be calculated by means of the formula 
X Pa/Db X Pb) where Da and Db are the vapor densities and, 
Pa and Pb are the vapor pressures at any given temperature.^ The 
process of steam distillation in the case of high boiling fliquids such as 
glycerol depends on this principle. 

In the case of substances which mix together in any proportion, the 
above rule cannot, however, be applied. In the case of chemically re¬ 
lated substances the vapor pressure can be calculated by means of the 
formula loo P = MPa (ioo — M)Pb, where M is the molecular per¬ 
centage of A, and P, Pa and Pb are the vapor pressures of the mixture 
and of A and B, respectively at the given temperature. Van der Waals, 
however, limits the application of this formula to those substances whose 
critical pressures are equal.^ Young has calculated the vapor pressure 
of a mixture of chlorobenzene and bromobenzene by this formula with 
fairly accurate results.^ 

The boiling point and the molecular composition of such mixtures of 
liquids can be calculated easily. In order to do this, the vapor pressures 
of each substance must be known at all temperatures between their re¬ 
spective boiling points under a given pressure p. The percentage molec¬ 
ular composition which 
would exert a vapor pres¬ 
sure p is then calculated at 
a scries of temperatures be¬ 
tween these limits by 
means of the formula M *= 
IOO Pb — P/Pb — Pa- 
Finally the values of M 
must be plotted against 
the temperatures and the 
curve thus obtained will 
give the relation between 
the boiling point and molec¬ 
ular composition under the 
pressure p. 

^ Naumann, Ber., lO, 1421, 1819, 2015, 2099; Brown, Trans , 547 (1873) 

* Proc. Roy. Acad. Amsterdam, 3, 170 (1900). 

2 J, Chem. Soc., 81, 768 (1902). 
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In khe case of mixtures of substances which are not closely related to 
one another the preceding formula cannot be applied. As a general rule it 
may be stated that the relation between the vapor pressure and the com¬ 
position of such mixtures is represented by a curve. This relation has 
been expreSvSed graphically by Galitzine and D. Berth clot as shown above, 
where 0^.3 denotes attraction of the unlike molecules and Ua and 
between like molecules. The deviation of the boiling point of mixtures 
from straightness has been observed in the case of many substances. 
As instances of mixtures of maximum boiling points, the following pairs 
of liquids may be cited—propyl and isobutyl alcohol with water, ^ formic, 
acetic and propionic acids with pyridine (Zawidoski), hydrochloric acid 
and methyl ether (Friedel) formic, nitric, hydrochloric, hydrobromic and 
hydriodic acids with water (Roscoe) also chloroform and acetone 
(Ryland). 

As instances of mixtures of minimum boiling points, we naay mention 
carbon bisulfide and acetone, carbon bisulfide and methyl acetate, acetone 
and methyl acetate, acetone and ethyl iodide (Ryland). 

In a mixture of ethyl alcohol and ethyl iodide the boiling point is found 
to be much lower than that of either of the two. The boiling point of 
ethyl alcohol is 77.8®, but a mixture of 87% of ethyl iodide and 13% of 
ethyl alcohol boils at 61.2® under ordinary atmospheric pressure. The 
boiling point of ethyl alcohol is gradually lowered by the addition of small 
quantities of ethyl iodide until a minimum is reached, then it rises again. 
Similarly, the boiling point of ethyl iodide is lowered by the addition of 
small quantities of ethyl alcohol. The following table gives the relation 
between the percentage of ethyl iodide in the mixture and the boiBng 
point. 


Percentage of ethyl iodide. 

Boiling point 

Percentage of ethyl iodide 

Boiling point. 

26 69 

70 2® 

97 63 

64 0° 

35 6q 

68 8 

94 50 

62 0 

41 38 

67 0 

90 5 

5 

52 86 

64 8 

88 35 

61 3 

57-28 

64.0 

84 87 

61.4 

62.70 

3 

78 36 

61 9 



69 42 

62 2 

• 


A curve drawn from the above data gives the relation between the 
boiling point of the mixture and the percentage of ethyl iodide. A mixture 
of 87% of ethyl iodide and 13% of ethyl alcohol boils at 61.2° and the 
mixture will distil off as a homogeneous liquid. 

It has been suggested that such mixtures, of maximum and minimum 
boiling-point curves, are obtained in the case of associating liquids. Ethyl 
alcohol is a liquid of great molecular association as can be seen from 

1 Konowalow, JVied. Ann., 1434 (i88i). 
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capillary measurements, the relation between boiling point and specific 
cohesion, and also from Traube’s volume relations; but etliyl iodide is 
not an associating liquid. 

ChKMICAL IvABORATORY, 

Prssidsncy CoXyLBcs, Calcutta. 


[Contribution from the Chemicae Laboratory op the University of Ieeinois.] 

MOLECULAR REARRANGEMENTS IN THE CAMPHOR SERIES. 
Xn. DERIVATIVES OF ISOCAMPHORIC ACID; DECOM¬ 
POSITION PRODUCTS OF ISOAMINODIHYDRO- 
CAMPHOLYTIC ACID.‘ 

By William A. Noybs and Lloyd F Nickkll 
Received November 26 , 1913 . 

Of the four isomeric amino acids derived from d-camphoric acid and 
/-isocamphoric acid, the decomposition with nitrous acid of but one, 

‘ Abstract of a thesis presented by bloyd Nickell in partial fulfilment of the 
requirement for the degree of Doctor of Philosophy at the University of Illinois. 
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odiliydrocampholytic acid, has been thoroughly studied. Noyes 
otter ^ decomposed this acid with nitrous acid and obtained the fol- 
g products: 


Per cent. 


Tsolaurolenc. 

0 7 

(/-Campholytolactone .... .... 

5 3 

/-Canipholytic acid. 

12 0 

d- 7>aM5-hydroxydihydrocarnpholytic acid. 

45 0 


About 30% of the amino acid escaped decomposition. 

i'he isomeric isoaminodihydrocampholytic acid has been prepared by 
Noyes and Knight^ and its decomposition effected with nitrous acid. 
The study of the resulting products was far from complete, however. 
It was the aim of the present research to prepare the same compound, 
and investigate more completely tlie decomposition products formed with 
nitrous acid. 

The isoaminodihydrocampholytic acid was prepared by the method of 
Noyes and Knight with some modifications. This metliod is indicated 
by the following: , 


HaC CO2H 

\/ 

HaC-C 

II3C—C—Clh 

I 

HjC-C 

/\ 

H CO2H 
df-Camphoric acid. 


HiC CO2H 

\/ 

H2C-C 


HaC eOijH 

\/ 

II2C- c 


113C—c--*cn3 


H2C- 


/\ 

HO2C H 

/-Isocamphoric acid. 


H2C- 


HsC -C—CH3 


-C 


/\ 

CHsOsC H 

a-Monomethyl ester 
of isocam phone acid.* 


H2C- 


HaC COCI 


H2C- 


H2C CONH2 

\/ 

H.C-C 


H3C—C—CHa 


HaC—C—CH3 


/\ 

CH3O2C H 

jS-Chloride of a-mono- 


HgC- 


IhC CONHs 

\/ 

HjC— -C 


/\ 

CHjOjC h 

/ 3 -Amide of a-mono- 


HsC- 


CH., 

A 

IlOjC H 


/3-lsocamphoramidic acid. 


methyl isocamphoric ester, methyl isocamphoric ester. 


1 This Journal, 34, 1073. 

* Ibid., 32, 1670. 

* The secondary carboxyl is designated as a, the tertiary as 
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H,C NHa 

\/ 

H*C-C 

HaC—C—CHs 

I 

H2C-c 

/\ 

HOsC H 

Isoaminodihydrocampholytic acid. 

i 

Free isoaminodihydrocampholytic acid was found to have a specific 
rotation, [aln” = —39-9and for its hydrochloride, [a]D° = —^45«o°. 
Both have the same sign of rotation. This is also true of aminodihydro- 
campholytic acid, ([^Id = +54*7°) and its hydrochloride ([ajo = 
+41.3^). For aminocamphonanic acid the reverse is true; for the free 
acid [a]D == —29.2°, and for its hydrochloride, [ajn = +25.0°. Ac¬ 
cording to a view expressed by Noyes and Potter,^ this indicates that 
aminocamphonanic acid forms an inner salt, tlius: 

H,C CO 

• \/ 

HaC-C 

I 

HaC—C—CIb 0 

I / 



H NH3 


while aminodihydrocampholytic acid does not. According to this view 
isoaminodihydrocampholytic acid does not form an inner salt in solu¬ 
tion. This is to be expected from the fact that it is a trans compound. 
However, an intermolecular salt formation is indicated by an abnormally 
high molecular weight. 

Decomposition of isoaminodihydrocampholytic acid with nitrous acid 
yields the following; 

A hydrocarbon. small amount 

d-Campholytic acid. ... 35 -8% 

/-Campholytolacton. 42% 

/- 7 >awr-hydroxydihydrocampholytic acid (im¬ 
pure). 19 I/c 

The formation of d-campholytic acid in the decomposition furnishes the 
first direct evidence that it is the secondary asymmetric carbon atom of 
^/-camphoric acid that rearranges to form /-isocamphoric acid, and fully 
establishes this accepted view. The experimental evidence on this 
point thus far has been that Walker and Wood^ by the electrolysis of the 
\ Unpublished. 

* J. Chem. Soc.f 77, 387 (1900). 
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potassium salt of tertiary ethyl isocamphoric ester obtained the same 
product as in the electrolysis of the corresponding camphoric ester. 
Aschan,^ who did not consider this evidence conclusive because the com¬ 
pounds prepared by Walker and Wood were evidently impure, obtained 
i-isocamphoric acid as well as d-camphoric acid by the reduction of 
bromocamphoric anhydride, which points to the same view. 

On the basis of Walker’s results with campholytic acid, which led him 
to think that acid nearly or quite inactive, Aschan argues,^ however, that 
the rearrangement occurs at the tertiary carbon atom. The fact, which 
had already been established by Noyes and Phillips,but which had, ap- 
parentl3^ been overlooked by Aschan, that campholytic acid has a high 
rotatory power, deprives this argument of its force. So fa^- as we know, 
no one has discussed the question since Aschan’s papers appeared. He 
considered the question as still open. 

The hydroxy acid formed in this decomposition was regarded by Noyes 
and Knight as a ris compound, and they considered its formation as 
anomalous. Later it was shown^ that the d-isomer was a trans acid. 
Hence this acid is /-/ram-hydroxydiliydrocampholytic acid and no in¬ 
version occurs in its formation above. In spite of this, the amount of the 
hydroxy acid formed is much less than the amount formed by inversion 
from the isomeric amino acid. On the other hand, the amount of the 
campholytic acid formed is very much greater. 

The structure and identity of /-campholytolactone were established 
from a comparison with the properties of d-campholytolactone. It can 
be formed from isoaminodihydrocampholytic acid only by a partial 
Walden inversion. These relations can be better understood from the 
following formulas: 


HsC NIL 
\/ 

HjC-C 

I 

H,C—C—CH, 

I 

H2C-C 

/\ 

HO2C H 
Isoaminodihydro¬ 
campholytic acid. 


H,C OH 

\/ 

HjC-C 

I I 

I H,C—C- -CHs 

I I 

HjC-C 

/\ 

IIO 2 C H 

/- Tran j-hydroxydihy dro- 
campholytic acid. 


O CHa 

\/ 

II2C-c 

CH,—C—CH, 

i 

H,C-C 

/\ 

0 = C H 

/-Campholytolactone. 


In the decomposition of isoaminodihydrocampholytic acid the Walden 
inversion occurs to a very small extent, 1.8%, while in the decomposition 
of dihydroaminocampholytic acid it takes place to a much larger extent. 


1 Ann., 316, 227 (1901). 

* Loc. cit. 

® Am. Chem J., 24, 291 (1900). 
< Noyes and Potter, Loc. cit. 
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45%. Since the iso-acid is a trans acid, and the aminodihydrocampholytic 
acid is a cis acid, and vSince the trans greatly exceeds the cis decomposi¬ 
tion product in both cases, it is evident that the factor of “favored con¬ 
figuration” has an influence in the Walden inversion as encountered 
here.^ 

Experimental. 

Preparation of UIsocamphoric Acid. —Both the method of Marsh^ 
and the method of Aschan** as modified by Noyes and Littleton^ were 
tried. The latter method proved to be more satisfactory. It was carried 
out as follows: Eight sealed tubes each containing loo grams of purified 
d-camphoric acid, 50 cc. of glacial acetic acid, and 5 cc. of hydrochloric 
acid (1.19) were heated in a bomb furnace at 175-180° for ten hours. 
Upon cooling, the viscous contents of the tubes were treated with three 
or four volumes of water. The mass was stirred frequently and in a half 
hour the greater part had crystallized. It was allowed to stand an hour 
longer, and was then filtered off. After drying on the water bath the 
pulverized material was thoroughly mixed with one-fourth its weight of 
acetyl chloride and allowed to stand for an hour. A quantity of water 
was added and the product filtered in order to remove the hydrochloric 
acid. The resulting mixture of /-isocamphoric acid and camphoric an¬ 
hydride was separated by treatment with sodium bicarbonate solution. 
The isocamphoric acid was reprecipitated from the sodium bicarbonate 
solution and purified by dissolving in the smallest possible quantity of hot 
alcohol and reprecipitating by adding a quantity of hot water. The re¬ 
covered anhydride was used in the next run. The yield of isocamphoric 
acid was one-third of the weight of camphoric acid used. As the an¬ 
hydride was used again, no loss of material resulted. 

Preparation of the a-Monomethyl Ester of Isocamphoric Acid. —^^I'he 
method of Noyes and Knight^ was used to prepare this ester. The condi¬ 
tions, however, were more accurately regulated A solution of too grams 
of pure /-isocamphoric acid in 400 cc. of acetone-free methyl alcohol was 
heated to boiling in the water bath. Forty cc. of concentrated sulfuric 
acid were then added and the boiling continued for a half hour. The 
excess of methyl alcohol was rapidly distilled off under diminished pres¬ 
sure. The sirup-like residue solidified on the addition of water. The 
solid mass was fil ered off and dissolved in sodium bicarbonate solution. 
The solution was extracted with ether to remove the diethyl ester, and the 
acid ester reprecipitated by the addition of hydrochloric acid. The raw 
product was recrystallized from petroleum ether (b. p. = 65-66°). The 
^ See Noyes and Potter, This Journai., 34, 1070 (1912), 

2 Chemical News, 60, 307. 

® Ber., 27, 205. 

^ ThivS Journal, 35, 77. 

* Loc. cit. 
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product melted at 88°. 100 grams of isocamphoric acid gave 80 grams 

of the pure acid ester. 

Preparation of the fi-Amido-a-mcthyl Isocamphoric Ester.^ —The use of 
an indifferent solvent in preparing the chloride in the following method 
was suggested by the work of Haller^ and of Bredt :"* 

To 20 grams of powdered phosphorus pentachloride, covered with 
75 cc. of ligroin (b. p. 25-40°), 20 grams of a-monomethyl isocamphoric 
ester were added, and the mixture allowed to stand until the reaction was 
complete. The reaction flasks were provided with return condensers 
and the contents protected from the atmosphere with calcium chloride. 
Two or three hours were required for complete action. A clear solution 
finally resulted. 

The chloride was not isolated, the ligroin solution being used directly 
to prepare the amide. The above solution was added dropwise to 100 
cc. of ammonia water ^sp. gr. = 0.90) which was cooled in a freezing 
mixture and stirred vigorously w’ith a mechanical stirrer, 'fhe amide 
precipitated out during this process and w^as filtered off After drying 
on the water bath the raw product gave a melting point of 157°. Rc- 
crystallization by dissolving in a .small amount of alcohol and repre¬ 
cipitating with water did not change this melting point but removed a 
small amount of ammonium chloride present in the raw material. 
Twenty grams of acid ester gave 16 grams of the amide ester. 

Saponification of the Amide Ester. —The method given by Noyes and 
Knight’ for the saponification of the amide ester, yielded, on acidifying 
the saponified product, an amorphous, putty-like mass that did not be¬ 
come crystalline, even on standing for a week. This product was after¬ 
ward found to contain 6 to iu% of J-camphoric iinide. 

With the following modified method, however, a cry.stalline product 
was obtained. Thirty grams of /::^-aniido-a-monomelhyl isocamphoric 
ester were dissolved in 75 cc. of 95% alcohol, i.i mol of 30/0 sodium 
hydroxide solution was added, and the mixture allowed to stand on the 
water bath over night. The alcohol was distilled off under diminished 
pressure. The viscous residue was dissolved in 75 cc. of water and carbon 
dioxide passed into this solution for an hour, i .7 grams of (i-caniphoric 
imide precipitated and was filtered out. This was identified by its melt- 
ing point, 244°, which remained unchanged when it was mixed with some 
of the imide prepared in another manner and by the specific rotation, 
[a]x) = 8.9° in a 10% solution in absolute alcohol> the .specific rotation 
of the other imide being 8.1 °. 

^ The secondary carbon atom is designated by a, and the tertiary carbon atom by fi 

® Bull, soc. chim., 70, 984 (1896). 

Ber., 45, 1424. 

* This Jotonai,, 32, 1671. 
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On acidifying the filtrate from the imide, there was precipitated an 
amorphous mass that quickly became crystalline. After drying, the 
melting point was i6o°. After one recrystallization from dilute alcohol 
it melted at 165®. 

The i 3 -amido-a-monomethyl isocamphoric ester was tested for d-cam- 
phoric imide, but none was found. The imide was therefore formed 
during the saponification. Its formation involves, of course, the shifting 
of the carboxyl group from the trans to the cis side of the ring with refer¬ 
ence to the tertiar}^ carboxyl and the shifting of a hydrogen atom in the op¬ 
posite direction. 

Preparation of the Hydrochloride of Isoaminodihydrocampholyiic Acid,-- 
19.9 grams of the jS-isocamphoramidic acid were dissolved in 100 cc. of 
10% sodium hydroxide. To this solution there were added slowly 140 
cc. of a 10% sodium hydroxide solution into which 5.1 cc. of bromine had 
recently been aspirated. The temperature rose to 45®. When the tem¬ 
perature began to fall the solution was put on the water bath and kept 
at 75® for a half hour. After cooling, 1 cc. excess of hydrochloric acid 
(i.i) was added, and the solution evaporated to a small volume under 
reduced pressure. One mol of hydrochloric acid (1.19) was added and the 
hydrochloride separated from the sodium chloride by fractional recrj^stal- 
lization. Two recrystallizations from water gave a fairly pure product. 
Yield, 23 grams. A pure product was obtained by dissolving in absolute 
alcohol and precipitating with ether. 

Found, 17 28% Cl; Calculated for C8Hi4(C02H)NH2HCl, 17.09%. ^ 

One gram dissolved in 10 cc. of water gave a specific rotation = —45.8 

The chloride melts at 296-298° with decomposition. 

Isoaminodihydrocampholytic Acid. —^The hydrochloride was exactly 
neutralized with sodium hydroxide and the free acid precipitated by 
adding a large excess of acetone. By precipitating this product twice 
from water solution with acetone a pure product melting at 235-236® 
was obtained. Noyes and Knight^ found 225-227® for an impure product. 

One gram of the acid in 10 cc. of water gave a specific rotation, [a]iJ° = 

— 

Two molecular-weight determinations by the equilibrium method gave 
the following: 


Wt. of solution. Wt. of acid. Tp M(found). MCtheory). 

1. 23.292 grams i.0151 gram 0.439° 192 171 

II. 19.15^1 grams i. 2741 grams 0.692° 190 


The amphoteric nature of the substance evidently caused association 
in solution. 

The Anhydride of Isoaminodihydrocampholytic Acid. —Distillation of 
' Loc. cit. 
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the hydrochloride with lime does not yield an anhydride.^ Heating 
a mixture of the hydrochloride, fused sodium acetate, and acetic an¬ 
hydride for forty minutes with a free flame yielded an anhydride that was 
identical with the anhydride of aminodihydrocampholytic acid. Less 
vigorous conditions gave no anhydride. 

The specific rotation found for the anhydride was, [a]i> = +74.2®; 
I gram in 10 cc. of absolute alcohol. That of the anhydride prepared from 
d-aminodihydrocampholytic acid was -f73.2°. The melting point was 
191°, that of the anhydride from d-aminodihydrocampholytic acid was 
188°, while the mixture melted at 189°. 

The formation of the anhydride involves the shifting of the secondary 
carboxyl group from the trans to the cis side of the ring with respect to the 
amino group. This is in marked contrast to d-transhydroxydihydro- 
campholytic acid, which forms a irans lactone without shifting of the car¬ 
boxyl group.^ It seems a little remarkable that heating with acetic 
anhydride at a temperature below 150° should cause this rearrangement 
when heating with lime at a much higher temperature does not do so. 

Decomposition of Isoaniinodihydrocampholyiic Acid with Nitrous Acid, 
—51.7 grams (0.25 mol) of the hydrochloride of isoaminodihydrocam- 
pholytic acid were dissolved in 150 cc. of water. 22.5 grams of solid 
soflium nitrite were added to the solution and the mixture kept at 10° 
for an hour. At the end of this time decomposition had nearly ceased. 
Three cc. of sulfuric acid (sp. gr. = 1.3) were then added and the whole 
allowed to come to room temperature. One cc. excess of 30% sodium 
hydroxide solution was added and 75 cc. of distillate distilled with steam 
to remove the hydrocarbon. The residue was acidified and extracted 
with ether. Upon evaporating the ether a thick sirup remained. This 
residue was distilled with steam until the distillate became clear. The 
distillate was extracted with ether. Ivvaporatioii of the ether gave a 
yellowish, oily residue consisting of an unsaturated acid and a lactone. 

The unsaturated acid and lactone were separated by means of potas¬ 
sium carbonate solution. The weight of the lactone was 1.8 gram, that 
of the unsaturated acid, 15.4 grams. 

The residue from tlie steam distillation consisted of a brown tar which 
contained the hydroxy acid and weighed 8.2 grams. 

Purification of the Lactone ,—^The lactone was crystallized twice from 
petroleum ether. It was a white, waxy substance melting at 114-115°. 
Further recrystallization did not change the melting point. A sample 
of pure d-campholytolactone melting at 114-115^ was mixed with this 

^ Both a.niinodihydrocanipholytic acid and the chloride of aminocamphonanic 
add (“aminolauronic acid”)» which are m-compound.s, give an anhydride by th’s 
treatment. Am. Chem. 16, 504, 507. 

* Noyes and Potter, This Journal, 34 f 1074 (1912). 
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lactone, and the mixture melted at 114-115®, 0.8528 gram of the lactone 
dissolved in 10 cc. of absolute alcohol gave a specific rotation [a]^ = 
—8.2®, d-Campholytolactone has a specific rotation, [a]D = +8.5®. 
This shows the new lactone to be /-campholytolactone. 

Hydrolysis of l-Campholyiolacione; Ucis-Hydroxydihydrocampholytic Acid. 
—Seven tenths of a gram of /-campholytolactone and 2 cc. of 10% sodium 
hydroxide solution (1.25 mol) were heated on the water bath for three 
hours. The solution was acidified with hydrochloric acid and allowed 
to stand over night. Long, needle-Uke crystals were deposited. These 
were purified by dissolving in ether and reprecipitating by the addition of 
petroleum ether. The substance was an acid melting at 117-118®. It 
was mixed with a sample of d-c/5-hydroxydihydrocanipholytic acid, and 
the mixture melted at 117-118®. 0.3352 gram in 10 cc. of abvsolute alcohol 

gave a specific rotation, [aJo = — 53- d-cw-Hydroxydihydrocam- 
pholytic acid has a specific rotation, \a]j^ = 50.8® and a melting point of 
118.5®. The acid obtained by hydrolysis of /-campholytolactone is there¬ 
fore /-aV-hydroxydihydrocampholytic acid. 

The formation of this lactone and acid involves a shifting of the methyl 
and hydroxyl groups each to the opposite sides of the ring while the 
carboxyl group, and hydrogen atom retain their positions. This is in 
marked contrast with the conduct of the amino acid given above. 

Purification of the d-Campholytic Acid.— The unsaturated acid obtained 
from the nitrous acid decomposition above was fractionally distilled with 
steam. The first fraction gave the highest specific rotation, = 

+66.35®. Its density was 1.006 at 25®/25®. /-Campholytic acid has a 
specific rotation, [aJo = —70.0^ and its density is i.oio. The new 
unsaturated acid is consequently d-campholytic acid. 

As a further proof of its identity the acid was analyzed. 

Calculated for CsHijCOOH- C, 7009; H, 9.16. 

Found: C, 70.13; H, 9.34. 

0.7633 gram required 9.98 cc. of half-normal alkali for naturalization as against 
9.91 cc. for the theory. 

Preparation of Racemic Campholytic Acid. —Two-tenths of a gram each 
of /- and d-campholytic acid were mixed. On standing at —17® for an 
hour the mixture solidified. The product dried on a porous plate melted 
at 31-32®. By recrystallizing from petroleum ether to constant melting 
point it melted at 37.8®. A similarly purified sample of r-campholytic 
acid prepared from inactive camphor melted at 40.5 ®. A mixture of the 
two melted at 38.0°. The identity of the unsaturated acid was thus 
established beyond question. 

d-Trans-hydroxydihydrocampholytic Acid. —^The tarry hydroxy acid 
crystallized with great difficulty. Only a few crystals were obtained. 

* Noyes and Potter, This Journai., 34, 1077 (1912). 
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These melted at 132®. Since this acid has already been fully charac¬ 
terized/ the experiment was not repeated. 

The hydrocarbon was obtained in an amount too small for study, its 
presence being indicated by the odor. It was doubtless isolaurolcne. 

Summary. 

In conclusion the results of this investigation may be stated as fol¬ 
lows : 

1. I'he method of preparing isoaminodihydrocampholytic acid has been 
improved. 

2. The free acid and the hydrochloride have been studied. The physical 
constants have been determined. A trans anhydride is not formed when 
the hydrochloride is heated with acetic anhydride and sodium acetate, 
but a rearrangement occurs to form the anhydride of the isomeric-d- 
aminodihydrocampholytic acid. 

3. Decomposition of isoaminodihydrocampholytic acid with nitrous 
acid yields a hydrocarbon, <i-cainpholylic acid, and l-trans-hydroxydihydro- 
campholytic acid. The Walden inversion occurs to only a slight extent in 
this decomposition, owdng, probably, to a favored configuration. 

4. A direct proof of the relation of /-isocamphoric acid to (i-camphoric 
acid has been obtained. 

IJkhana, Illinois 


THE DETERMINATION OF OXYGEN IN ORGANIC COMPOUNDS. 

ISBCONU PAPER.I 
Ry M ah land C Roswell 
Received October 20. lun 

A direct method for the determination of oxygen in organic compounds 
was described in the first paj>er of this series.^ In the case of compounds 
of high oxygen content this gives satisfactory results, but if the oxygen 
is less than 3a 40%, depending on the nature of the compound, the re¬ 
sults are too high. In some cases, as aiithraquinonc, the results exceed 
the true value to the extent of several per cent., owing to the formation of 
reaction products other than water and carbon dioxide, which condense 
in the absorption apparatus. The method can hence be used with security 
only in the case of compounds containing at least 40^^ of oxygen, 1'he 
present paper describes a method applicable to compounds, iirc.spcctive 
of the amount of oxygen present in them. It consists in heating a weighed 
quantity of substance in a quartz combustion tube in a current of nitrogen, 
causing the vapors to pass over a small quantity of heated copper oxide 
of known oxidizing value distributed over a long layer of asbe‘‘tos, weigh¬ 
ing the water and carbon dioxide formed, and determining the oxidizing 

^ Noyes and Knight, Loc. cit. 

® /. Am. Chem. Soc., 35, 284 (1913)- 
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value of the copper oxide remaining unreduced. The copper is then 
oxidized in the tube without disturbance, under definite conditions, by a 
current of oxygen, and is again ready for another determination. 

Let X grams = oxygen in weighed amount of substance. 

Let a grams = total oxygen available from the copper oxide in the tube. 
Let h grams = oxygen available from the copper oxide remaining after 
the combustion. 

Let c grams = oxygen in the water formed. 

Let d grams = oxygen in the carbon dioxide formed. 

Then + o = 6 + c + 

X — 6 -j- c -f- d — d. 

The hydrogen content of the substance is also calculated from the weight 
of water formed. 

In this method two possible difficulties and sources of error are at once 
apparent. Will the vapors of the substance be completely burned by the 
necessarily small amount of copper oxide used, and is it possible to so 
oxidize the copper md reduce the resulting copper oxide that a constant 
quantity of oxygen is available for each analyvsis? By a measurement 
of the rate of oxidation of the copper and of the reduction of the copper 
oxide, it was found that both of these processes, after proceeding for a 
definite determinable time, continue at velocities so small that it is prac¬ 
ticable to obtain a definite amount of copper oxide, of definite available 
oxygen content, by allowing oxidation and reduction to proceed for 
definite intervals of time, and that an error as great as five minutes in 
timing makes no appreciable difference in the oxygen available. No 
difficulty was expefienced in effecting complete combustion of the vapors 
distilling from the substance. As the boat containing the substance is 
heated finally to a white heat, no oxygen compound can remain unde¬ 
composed. 

Description of Apparatus ,—quartz tube, 12 mm. internal diameter 
and 980 mm. long, is filled for a length of 570 mm. (starting no mm. from 
one end) with asbestos, which has been impregnated with a solution of 
approximately 4 grams of copper in nitric acid, by evaporating the solu¬ 
tion and heating the residue until all the nitrate has been transformed 
into oxide. This leaves a space 300 mm. long at one end of the tube, 
which, during the analysis, is partly occupied by a quartz boat containing 
the substance. The tube rests in a combustion furnace of the usual form, 
except that the iron trough and tiling supporting the combustion tube are 
removed, so that in an analysis the whole of the oxide may be brought to a 
red heat before the substance has begun to distil. The nitrogen is made 
by carefully wamling in an Erlenmeyer flask, a mixture of 75 grams 
sodium nitrite, 115 grams ammonium sulfate, 75 grams potassium bichro¬ 
mate and 225 cc. water. Heat is applied only to start the reaction. The 
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evolution of nitrogen proceeds with rapidly increasing velocity,, owiug 
to the heat of the reaction, and, unless controlled by immersion of the 
flask for a few seconds at a time in water and ice, may become explosive 
in violence. The gas holder containing the nitrogen is connected with a 
purifying apparatus, consisting of a quartz tube 360 mm. long containing , 
a tight roll of copper gauze 130 mm. long, which is heated in a small gas 
furnace of two wide, flat flames. This removes any traces of oxygen in the 
gas. This is followed by a U-tube containing calcium chloride and two 
sulfuric acid washers of special form^ which give very thorough contact 
of gas and acid with small friction and pressure head. The absorption 
apparatus which is attached to the other end of the tube, consists of a 
U-tube with bulb containing concentrated sulfuric acid on pumice, to absorb 
water, and a U-tube containing soda lime followed by a U containing 
sulfuric acid on pumice, for the determination of carbon dioxide. 

Measurements were first made to determine the conditions of oxidation 
of the copper and reduction of the oxide in order that a constant amount 
of oxygen shall be available for each analysis. The details of this pro¬ 
cedure will be given presently The following results were obtained: 


a b c. a b. c. 

1 . — 5 0.9538 8.. . 45 25 0.9235 

2 . — 90 9.. 45 30 0.9240* 

3 . o 5 0.8116 10 . 90 30 0.9247 

4 . o 45 0.8168 II. 90 40 0.9256 

5 . 45 o o’. 9170 12. 90 30 0,9241 

6 . 45 5 0.9198 13. 90 40 0.9250 

7 . 45 20 0.9226 


a is the time in minutes of heating of the copper in oxygen after the glow 
has ceased. 

h is the time in minutes of the reduction with hydrogen after the hydrogen^ 
is running freely from the combustion tube. 
c is the weight in grams of water formed. 

All the copper at the outset is present as oxide. This is not true subse¬ 
quently, for after reduction in hydrogen and oxidation of the copper, only 
a portion of the reduced copper is oxidized, the remainder being protectedi 
by the external layer of oxide, so that the velocity of oxidation becomes* 
very slow. This is clearly shown in the above results, the amount of 
oxygen available from the original oxide (experiment i) being greater 
than in any subsequent reduction. The results also indicate that the 
hydrogen penetrates the layer of oxide more effectively than the oxygen, 
for in 5 minutes (experiment i) the hydrogen has removed more oxygen 
from the original oxide than a subsequent reduction (experiment 12) 
lasting 30 minutes, the oxidation prior to this last reduction having lasted 
90 minutes. This indicates that it is first necessary to reduce the original 
^ Trans . Faraday Soc ., 6, 10 (1910). 
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oxide very thoroughly. This is accomplished by passing hydrogen over 
the heated oxide for 90 minutes. Experiments 8, 9 and ii show that in 
45 minutes the copper is almost as effectually oxidized as in 90 minutes, 
and experiments 9, 10 and 12 show that in 45 minutes the copper is al¬ 
most as effectually oxidized as in 90 minutes. Experiments 8 and 9, 
10 and II, 12 and 13 show that, at the end of 25 minutes, the reduction 
is proceeding at such a low rate that in 5 minutes only 0.0005 gram of 
water are formed. Hence, if the copper is each time oxidized for 45 
minutes and the oxide formed reduced for 30 minutes, a constant amount 
of oxygen will always be available. The rate of passage of the gases has 
probably no influence in either the oxidation or reduction, provided there 
is always an excess of gas present in both cases, and provided the velocity 
is sufficient to carry off the water vapor immediately it is formed, and thus 
prevent any equilibrium between copper, copper oxide, and water vapor. 
Although the temperature may have greater influence on the rates of oxida¬ 
tion and reduction, it is probable that, at the high temperature at which 
these are conducted, a considerable change of temperature would be 
necessary to seriously alter them. No special precautions were taken to 
secure either constant gas flow or constant temperature, beyond turning 
the furnace on fully in each operation. This, along with the direct play 
of the flames against the quartz tube, secured a very high temperature 
almost immediately. 

Method of Procedure ,— 0.2 gram of substance is weighed out in a quartz 
boat and inserted in the combustion tube about 60 mm. from the asbestos 
carrying the copper oxide. A rapid stream of nitrogen is sent through the 
tube for 20 minutes. The rate of nitrogen flow is considerably diminished, 
and the absorption tubes are attached. The whole layer of copper oxide 
is now heated to the highest temperature attainable in the furnace, and 
three burners lighted at the other end of the tube. The flow of nitrogen 
is further diminished to about i bubble per second, and the substance 
heated very gently. The rate of flow of gas in the purifying apparatus 
and also the absorption vessels is carefully observed, and at the first 
indication of either too rapid flow through the latter, or a diminution of 
rate through the former, due to a sudden generation of pressure in the 
cdtnbustion tube, the heating of the substance is discontinued until the 
normal rate is reestablished. After all the burners have been turned on 
fun, the heating is continued for 20 minutes longer, with a somewhat 
more rapid flow of nitrogen iii order to sweep over all products of combus¬ 
tion. The absorption apparatus is disconnected, the contained nitrogen 
disfdaced by air, the end of the combustion tube is closed and the furnace 
allowed to cool. Another weighed U-tube, containing cone, sulfuric acid 
mn pumice, is now connected to the tube and a rapid stream of purified 
I hydrogen, generated dectrolytically, by means of the apparatus described 
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ia the first paper, is caused to pass; the hydrogen generator being con¬ 
nected by a T tube to the same purifying apparatus used for the nitrogen. 
The flames are lighted two at a time, starting with those nearest the ab¬ 
sorption tubes. The hydrogen is so rapidly oxidized that none escapes 
the action. When the bubbles commence again to pass through the absorp¬ 
tion tube the next pair of burners is lighted. These operations are continued 
until all the copper oxide is heated and hydrogen is running freely through 
the tube. The rate of passage of hydrogen is now reduced somewhat, 
and the heating continued for 30 minutes longer. The U-tube is now 
detached, and the hydrogen displaced by air. The other absorption 
tubes from the first operation can be weighed during this 30-minute 
interval. In order to prepare the copper oxide for a second analysis, 
oxygen is passed through the tube, all the burners are lighted, and the 
oxidation continued for 45 minutes after the bright glow, which passes 
rapidly through the tube, ceases. 

The following results were obtained in the analysis of carefully purified 
compounds: 

1. 2. 3. 4 5 f) 7 8 . 9. 

Succinic acid.o 2018 0.0825 0.1789 o 6687 o 1087 53 9 54.2 5.1 5.1 

Cane sugar.0.2020 0.0993 o 1051 0.7230 0.1060 52 5 51 5 6 i 6.4 

Phthalic anhydride.0.1658 o 0322 o 1398 0.7046 0.0552 33.3 32 4 2 4 2.7 

a-Naphthol. 0.1909 0.0797 0.2846 0.4775 0.0204 10 7 ii i 5 2 5 5 

Column I gives the number of grams of substance taken. 

Column 2 gives the number of grams of oxygen corresponding to the 
water formed in the combustion. 

Column 3 gives the number of grams of oxygen corresponding to the 
carbon dioxide formed. 

Column 4 gives the number of grams of oxygen corresponding to the 
water formed in the reduction of the copper oxide remaining. 

Column 5 gives the number of grams of oxygen in the substance ob-^ 
tained by adding the corresponding weights in columns 2, 3 and 4 and 
subtracting 0.8214 gram, the total weight of oxygen available from all the 
copper oxide. 

Column 6 gives the determined percentage of oxygen in the substance. 

Column 7 gives the calculated percentage of oxygen in the substance. 

Column 8 gives the percentage of hydrogen in the compound determined 
from the weight of water formed in the combustion, and corresponding 
to the oxygen given in column 2. 

Column 9 gives the percentage of hydrogen in the compound calculated 
from the formula. 

On comparing the results in columns 8 and 9, it is seen that the agree¬ 
ment of the hydrogen determined by the method, with the hydrogen 
calculated from the formulas, is about as close as that usually obtained in 
the ordinary carbon-hydrogen method. The oxygen percentages de- 





CAKt 1. A. scmaoT. 


»3* 

termiaed, given in column 6, differ from the calculated values, given in 
cdumn 7, by amounts varying from 0.3% to 1%. In view of the in- 
<fitectness of the oxygen determination a greater degree of acciiracy could 
sCBitsely be expected. 

Summary, 

A method has been worked out for the simultaneous determination of 
hydrogen and oxygen in organic compounds, giving results differing by 
0.3% from the calculated values in the case of hydrogen, and by 0.3% to 
1% from the calculated values in the case of oxygen. 

Umw&Bmr of Toronto, 

(Prom thb Laboratories of the Referee Board of Consulting Scientific Ex¬ 
perts AT THE University of Pennsylvania.] 

A COPPER BALANCE ON SEVEN* EXPERIMENTAL SUBJECTS 
TO DETERMINE THE EFFECT OF EATING 
COPPERED VEGETABLES. 

By Carl L. A. Schmidt. 

The following work constitutes part of the investigation on the ‘'Action 
of Coppered Vegetables on the Health and Nutrition of Man"' conducted 
under the general direction of Dr. A. E. Taylor of the Referee Board, 
the general results of which have appeared in Report No. 97 of the United 
States Department of Agriculture. Since Taylor’s conclusions as to the 
harmfulness of the ingestion of vegetables colored with copper sulfate 
are almost entirely based on the fact that copper was apparently retained 
by the individuals eating coppered vegetables, it was thought important 
to publish the work in, detail as a separate article. 

The subjects, all of them medical students, were put on a constant 
diet previously determined by them in an experimental period. A certain 
amount of peas constituted a part of the daily menu for each individual. 
The diet was altered in some cases during the course of the experiment 
by substituting for part or all of the vegetables an increasing amount of 
peas or string beans so as to increase the amount of ingested copper. 
The coppered vegetables were purchased in large lots on the open market. 
For serving, the vegetable was steamed in the can, thrown on a colander, 
thoroughly mixed, and a sample taken for analysis at the same time that 
.the portions were weighed out by the men. The experiment was divided 
into three parts—a foreperiod of two weeks during which time the men 
were given uncolored peas; an experimental period of nine weeks, during 
whidi coppered peas and string beans were eaten; and a two weeks’ after- 
or controlperiod of uncolored peas and string beaus. One subject was 
‘ There were eight experimental subjects. Subject No. i was a poor subject for 
experiiucntation, being strongly influenced by psychological factors. For this reason 
the results pbtained from him are omitted. 
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designated as control. He ate the same diet as the others, except, that 
nncolored peas and string beans were substituted for the coppered vege¬ 
tables. For five days at the close of the experiment he was given copper 
•sulfate in milk. 

Urin was collected daily and determinations of nitrogen, phosphorus, 
and copper made. Feces were collected in aggregates of two-or three- 
week periods as indicated in Table I. Separation of the stools corre¬ 
sponding to the different periods was accomplished by giving charcoal 
on the morning of the new period. Feces from the afterperiod were 
collected in two lots of one week each so that the final v^eek’s collection 
might be free from any possible contamination of the stool from the 
previous period of coppered peas. In this way, a comparison between the 
normal output of copper in the final control week and the two weeks’ 
foreperiod could be made. Feces were thoroughly dried and finely ground. 

Copper in the vegetables and feces was estimated by the well-known 
method of electrolysis from a sulfuric acid solution, the copper being 
deposited on a platinum gauze electrode and subsequently weighed. 
One hundred grams of peas or string beans were thoroughly mixed with 
an excess of sulfuric acid in a porcelain dish, desiccated, and ignited at a 
low temperature. Addition of a few grams of potassium sulfate pre¬ 
vented any fusion. In determining copper in feces, 30 grams were ashed 
and an aliquot of the solution taken to represent 25 grams. The analytical 
factor for the daily input of copper varied between 1.5 and 3, since 100 
grams of sample were taken for analysis, while the factor for the output 
averaged about twenty. The input of copper was determined daily, which 
might slightly increase the error for the total input. However, errors 
due to the daily sampling of the vegetable will probably equalize during 
a long time, while the error in the output copper was minimized by taking 
the average of several closely agreeing determinations. Estimation 
of the copper in the urins was carried out on five days* composit samples 
of 100 cc. each. The urin was oxidized by dropping into a heated mixture 
of nitric and sulfuric acids; the nitric acid then driven off by heating until 
white fumes appeared. All organic matter, except a small amount of an 
aromatic compound, is destroyed. This apparently resists oxidation; 
it can sometimes be noticed in the distillate from a Kjeldahl nitrogen 
determination. The sulfuric acid solution was electrolyzed, any traces 
of copper on the electrode dissolved with nitric acid and estimated colori- 
metrically as the ferrocyanide. Only faint traces of copper were found; 
the amount was never greater than that obtained on a blank determina¬ 
tion. The elimination of copper in the urin is therefor excluded, a fact 
similarly observed by Long.^ 

I J. H. Long, Report No. 97, Ujfited States Department of Agriculture, 1913, 
P- 423. 
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Tabjm I.—Input and Output op Coppsr. (Grams.) 

Subject No. 8. Subject No. 7. 


1911 . 

Input. Output 

Balance. 

1911 . 

Input. 

Output. 

Balance.. 

Mar. i~i4. 

.. 0.031 


Mar. 1-14. 


0.026 


Mar. i5~Apr. 4.. 

0.3555 0.274 


Mar. 15-Apr. 4... 

0.3555 

0.289 


Apr. s-xp. 

0.3262 0.351 


Apr. 5-19. 

0.3262 

0.294 


Apr. 20“May 2.. 

0.3183 0.292 


Apr. 20-May 2... 

0.3183 0.389 


May 3-16. 

0.4487 0.513 


May 3-16. 

0.4809 

0.454 


May 17-23. 

0.019 


May 17-23. 


0.043 


May 24-30. 

0.018 


May 24-30. 


0 019 


Total. 1-449 I 498 

Subject No. 2. 

—0.049 

Total.1.481 

Subject No. 

1.514 

6. 

—0.033. 

1911 . 

Input. Output. 

Balance 

1911 

Input. 

Output. 

Balance 

Mar. 1-14. 

0.037 


Mar. 1-13. . .. 


0.029 


Mar. 15-Apr. 4., 

. 0.3555 0.310 


Mar. 14-21 




Apr. 5 ~i8. 

0.2293 0.220 


Mar. 22-Apr 4... 

0 2337 

0.175 


Apr. 19-May 2.. 

0.1753 0.187 


Apr. 5-18. 

0.2293 

0.248 


May 3-16 . 

0.2737 0.294 


Apr. 19-May 2... 

0.1753 

0.258 


May 17-23. 

0.018 


May 3-16. 

0.2737 

0.292 


May 24-30. 0.015 

Total. 1.034 1.081 

* Subject No. 5. 

—0.047 

May 17-23. 

May 24-30. 

Total.0.912 

Subject No. 

0 022 

0.015 

1.039 

3 - 

—0.127 

1911 . 

Input. Output. 

Balance. 

1911 . 

Input. 

Output. 

Balance. 

Mar. 1-14. 

0.036 


Mar. 1-14. 


0.028 


Mar. 15“Apr. 4.. 

0.3555 0.3x4 


Mar. 15-27. 


0.035 


Apr. 5-20. 

0.3262^0 330 


Mar. 28-Apr II.. 

0 2512 

0.165 


Apr. 21-25. 



Apr. 12-25. 

0.1985 

0 220 


Apr. 26-May 2.. 

0.1758 0.190 


Apr 26~May 2... 

0.0880 

0. 100 


May 3-16. 

0.4487 0.424 


May 3-16. 

0.2737 

0.215 


May 17-23. 

0.055 


May 17-23. 


O.Ol6 


May 24-30. 

0.019 


May 24-30. 


0.018 


Total. 

1.306 1.368 

—0,062 

Total. 

0.8X1 

0.797 

-i-O.OIA 


Subject No. 4. 


1911 . 

Input. 

Output. 

Balance. 

Mar. 1-14. 


0.016 


Mar. 15-Apr. 4. 


0.047 


Apr. 5-18. 


0.027 


Apr. 19-May 2. 


0.057 


May 3-16. 


0.041 


May 17-23. 

. 0.157’ 

0.125 


May 24-30. 


0.014 


Total. 

. 0.157 

0.327 

—0.170 


^ No peas eaten on Apr. 20. 

^ 0.03x4 gram Cu as CUSO4 in milk for 5 days. 




































































EFFECT OF EATING COPPERED VEGETABLES. 


135 


TabIvE II.— 

Actual copper balances. 

A. 

Subject Subject Subject Subject Subject Subject Subject 


Period of eating 
vegetable colored with CuS04. 

No. 8. 
M. W. 

No. 7. 
J.F.W. 

No. 2 
M. R. B. 

No 6 
W. C. T. 

No. 5. 
C. P. K. 

No. 

0. H. C. 

No. 4. 
E. S. F. 

Input of Cu in vegetable, grams 

1.449 

1.481 

1.034 

0.912 

1.306 

O.811 

0 I57» 

•Other input of copper, gram. .. 

0.140 

0.117 

0.167 

0.125 

0.148 

0 100 

0.016 

Total input of copper, grams.. . 

i-5«9 

1.598 

I .201 

1.037 

1.454 

O.911 

0.173 

Total output of copper, grams. 

1.430 

I 426 

I .Oil 

0.973 

1.258 

0.700 

0.125 

Retention of copper, gram . . 

0 159 

0 172 

0.190 

0.064 

0.196 

0.2II 

0.048 

Entire time of experiment. 

Subject 
No 8 

M W. 

B. 

Subject 
No. 7 

J F.W. 

vSubject 
No 2. 
M. R. B. 

Subject 
No. 6. 
W. C. T. 

Subject 
No 5. 
C.P K. 

Subject 
No 3 

0. H. C. 

Subject 
No 4. 
E S F. 

Input of Cu in vegetable, grams 

1.^49 

1 481 

1.034 

0 912 

I 306 

o. 8 ir 

0.157 

•Other input of copper, gram .. 

0 202 

0.169 

0 241 

0.185 

0.219 

0.182 

0.2042 

Total input of copper, grams.... 

I 651 

I 650 

I 275 

1.097 

1.525 

0.993 

0.361 

Total outimt of cofjper, grams 

1.498 

I 5H 

1.081 

1.039 

1.368 

0 797 

0.327 

Retention of copper, gram.... 

0.153 

0.136 

0.194 

0 058 

0.157 

0.196 

0.034 


Table I shows the input of copper, the output in the different periods, 
and the corresponding balances, as well as the grand totals for the entire 
time of the experiment. It will be seen at once that during the foreperiod 
there was an output of copper in tlie feces of all subjects, although ap¬ 
parently no copper was given. This can only be accounted for by the fact 
that small amounts of copper were present in the foods eaten. That 
many cereals and vegetable products contain small traces of copper has 
been shown by other observers.^ All subjects including the control 
showed an output of copper during the foreperiod, the amounts being 
nearly the same in all cases. If some of the feces of the second period 
had been carried over into the first, one would naturally expect that the 
Amounts would vary; similarly some of the first period’s feces would, in 
some subjects, be carried over into the second period, in which case either 
no copper ought to appear in those feces (i, e,y if there was no copper 
normally ingested in foods) or only that resulting as normal elimination. 
The amount of copper normally ingested was too small for direct estima¬ 
tion. The average daily ingested matter (including water) for subject 
No. 8 for the two weeks of foreperiod was 3070 grams. During that 
time the output copper in the feces was 0.031 gram. This would allow 
less than i mg. of copper per kilo of ingested matter. 

The analytical balances of all subjects, except No. 3, are negative as 
shown in Table I. A small retention is observed in No. 3. In order that 
a true balance may be obtained, an allowance must be made for normally 

1 Balance for week when CUSO4 was taken in milk. 

* Calculated from entire time subject was control. 

* Ibid.y page 214 and 424. 
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ingested copper. This can be done by assuming that the output during 
the foreperiod corresponds to the normal input during that time. That 
this assumption is very nearly correct is shown by the fact that the average 
daily elimination of copper in the final control week of all subjects corre¬ 
sponds very closely to that of the two weeks of foreperiod. 

Taking the output of copper in the foreperiod of each subject as the 
basis of normal input copper, we can arrive at a balance which probably 
represents more nearly the true copper balance. Part A of Table II 
shows the copper balance during the period when vegetables colored with 
copper sulfate were eaten, allowances being made for a normal input of 
copper, while part B of the same table shows the balance for the entire 
time of the experiment. All subjects show a plus balance. This clearly 
indicates a retention of copper. 

The plus balances obtained cannot be wholly due to analytical error, 
since it is not conceivable that the analytical error, which is largely due 
to sampling, should always be in the same direction for the entire time 
of the experiment. It may also be said that during the course of the ex¬ 
periment the diet was changed by substituting for part or all of the vege¬ 
tables, coppered peas and string beans, and hence the normal input of 
copper as calculated from the foreperiod is incorrect. This is true only to 
slight extent since the amount of vegetables daily ingested is small as 
compared to the total of other ingested matter. The figures, as given, 
may not show the absolute copper balance, but since in all the subjects 
the balance is decidedly positive and of the same order of magnitude, 
the only conclusion is that there was a retention of copper in all indi¬ 
viduals. That there was a retention even after the two weeks of after¬ 
period is also shown. That the copper so retained will probably be held 
in the body for some time and but slowly eliminated, is indicated by the 
fact that the average daily elimination of copper in the final control week 
is nearly the same for all subjects as that of the two weeks foreperiod. 

Conclusions. 

(1) Seven subjects on an experimental diet, a part of which consisted 
of coppered vegetables, showed a distinct retention of copper. 

(2) In order to obtain a true balance, an allowance must be made for 
copper normally ingested in foods. This value can be obtained by assum¬ 
ing that the output of copper in the foreperiod represents the copper 
ingested during that time. 

(3) The copper so retained in the body will probably be only slowly 
eliminated. 

Board or Hradth, 

BRRKKLBY. CAtlRORKlA 
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FASTING STUDIES, XH. THE AMMONU, PHOSPHATE, CHLO¬ 
RIDE AND ACID EXCRETION OF A FASTING MAN. 

By D. W, Wilson and P B. Hawk. 

Received October 15, 1913. 

Numerous investigations have been made on fasting men and a large 
amount of valuable information has been collected, though few attempts 
have been made to correlate the excretion of the substances we wish to 
consider. 

Benedict,^ in his masterly fasting studies, determined the excretion of 
phosphates and chlorides. The phosphate output increased to a maximum 
on the first to fourth day of the fast in various experiments. In general, 
the chloride excretion was considerable for the first two days, with 
a marked decrease on the third day. Thereafter, the elimination 
tended to diminish, but with considerable variation. 11 was also ob¬ 
served that, where the volume of ingested water was over looo cc., the 
volume of urine was not far from that of the water consumed. 

Cathcart,*-* in his work on Beauts, showed an increased excretion of 
ammonia during the fast, which reached a maximum on the eighth day 
of the fourteen-day fast and decreased thereafter. The acidity and phos¬ 
phate output ran parallel, reaching a maximum on the third day and 
diminishing gradually during the remainder of the fast. The chloride 
excretion decreased steadily. The amount excreted of all four constituents 
dropped suddenly to a minimum value, during the starch and cream 
diet fed subsequent to the fast, and increased toward the normal upon 
the return to the original high protein diet which was fed previous to the 
fast. There was a retention of lo to ii grams of chlorides. 

Van Hoogenhuyze and Verploegh* determined the acidity, phosphate 
and chloride output in a fasting experiment on Tosca. The acidity 
reached a maximum on the third day of the fast while the phosphate 
excretion was highest on the fourth. Thereafter there was a general, 
though irregular, decrease in the output of both constituents. As in 
Cathcart's experiment, their excretion diminished immediately when 
food was given. The chloride output decreased suddenly on the first day 
of the fast and showed marked fluctuations throughout, with the minimum 
values near the middle of the fast. 

Experiments on Succi, in which he fasted thirty days for Luciani^ and 
twenty-one days for Ajello and Solaro,® vshow the acidity and phosphate 

' Carnegie Publication, No. 77 (1907). 

* Biochem. Z., 6, 109 (1907). 

» Z. phys. Chem., 46, 440 (1906). 

* Das Hungern., Leipzig (1890). 

* La Riforma Medica, 9, [2] 542 (1893). 
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output running parallel, with a maximum on the fifth day followed by a 
gradual decrease. The chloride excretion gradually diminished with 
considerable oscillation. There was a marked retention of phosphates 
and chlorides during the first feeding days after the latter fast. During 
the last ten days of the former fast, sugar, gelatine and peptone were fed. 

E. and O. Freund^ report another twenty-one day fast on Succi, in 
which the acidity increased on the second day and decreased thereafter, 
while the phosphate excretion was highest on the first day and diminished 
throughout the fast. The ammonia output decreased during the first 
three days, then rose to a maximum and diminished to a low value during 
the remainder of the experiment. 

Lehmann, Muller, Munk, Senator and Zuntz^ publish results of experi¬ 
ments on Cetti, fasting ten days, and Breithaupt, fasting six days. In 
both cases, the acidity and phosphate output rose to a maximum on the 
third day and decreased steadily thereafter. I'he chloride excretion, 
in the former case, rose to a maximum on the second day and decreased 
during the remainder of the fast, while in the latter experiment it 
diminished steadily throughout. 

Brugsch® determined the various constituents excreted in the last seven 
days of a thirty-day fast of Succi. He found a high ammonia output 
(35% of fotal nitrogen), the chloride and phosphate excretion low, but 
fairly constant, and the acidity diminishing. 

Hoover and Sollman^ report a case of fasting during hypnotic sleep, 
in which the phosphate excretion increased to a maximum on the final 
day and the chloride output decreased to about half its original value 
during the fast. 

Description. 

The purpose of this experiment was to determine, if possible, any 
relations between the ammonia, phosphate, chloride and acid excretion 
by way of the urine during a seven-day fast and during subsequent low 
and high protein feeding periods. 

The subject (E) was a man weighing 76.6 kilograms at tlie beginning 
of the fast and 71,4 kilograms at the end of the period of inanition. He 
was an instructor in the Chemistry Department of the University of 
Illinois and had previously^ been a subject in a fasting experiment of 
similar length carried out at that university. During the fast, he kept 
up his daily routine of work as instructor. 

The diet, described in a previous paper,® for the preliminary and final 

‘ Wiener kUn. Rundschau, 15, 69, 91 (1901). 

* Virchow's Archtv., 131, supplement (1893). 

* Zeit. exp. Path. Ther., i, 419 (1905). 

* J. Exp. Med., 2, 405 (1897) 

* Howe, Mattill and Hawk, J. Am. Chem. Soc., 33, 568 (1911). 

® Sherwin and Hawk, J. Biol. Chem,, ii, 169 (1912). 
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periods, consisted of 600 grams graham crackers, 1350 grams whole milk, 
75 grams butter, 150 grams peanut butter, 1050 cc. water (300 cc. at meal 
time and 750 cc. between meals). This diet contained 21.86 grams of 
nitrogen (136 grams protein) with an energy value of about 6000 calories, 
which gave the subject 1.77 grams protein and 80 calories per kilogram 
of body weight. The fast was seven days in length, with a daily water 
ingestion of 1500 cc. Following the fast, was a low-protein period of four 
days during which 5.23 grams nitrogen or about one-fourth of tlie regular 
diet was ingested daily. The subject also received 1500 cc. water daily. 
The diet for the final period was the same as that for the preliminary 
period. 

The urine was collected in twenty-four-hour periods and kept in a re¬ 
frigerator in two-liter acid bottles. Thymol was used as a preservative. 

The methods of analysis were as follows: ammonia, Folin; total acidity, 
Folin; phosphates, uranium acetate titration; chlorides, Clark’s modifica¬ 
tion of Dehn’s method. 

Experimental* 

Preliminary Feeding Period .—The subject was placed on a uniform 
diet which contained 21.86 grams nitrogen per day. The preliminary 
feeding period lasted four days, during which a satisfactory nitrogen 
equilibrium was maintained. The urine and the various constituents 
under consideration were excreted in fairty constant amounts and furnish 
a normal average for comparison. The ammonia output was noticeably 
low. 

Fasting Period .—During the fast, the subject continued his regular 
activities as instructor. The amount of water taken daily was 1500 cc. 
The urine volume was low on the first day, rose on the second, and re¬ 
mained fairly constant with a slight decrease toward the end of the fast. 
The average was nearly the same as that of the preliminary period. 

The ammonia excretion (see table and curves accompanying) increased 
on the first day of the fast and rose rapidly at first, and then slower, 
reaching a maximum on the sixth day of i .463 grams nitrogen, over eight 
times the average of the preliminary period. On the last day of the fast 
the value dropped to 1.394 grams. 

The acid output rose immediately on the first day of the fast, more than 
doubled itself on the second day and was still higher on the third. There¬ 
after, there was a gradual decrease to the end of the fast. 

The phosphate excretion increased slightly on the first day, dropped 
on the second, but reached a maximum on the third. After the third 
day, the values decreased steadily. 

The chloride excretion was less than normal at the outset of the fast 
and decreased rapidly for three days, after which time there was a slower 
and less steady diminution. « 



140 ' t>. W. WHiSON AND P. B. HAWK. 


Gensrai. Data. 

Subject E. 



Vol. 

urine. 

Ammonia 

N. 

Acidity. 
Cc. iST/lO 

P*Ob. 

Chloride. 

Grams. 

NHi. 
totaf N. 

P«0. 

Bxp. 

Cc. 

Grams. 

NaOH. Grams. 

Preliminary Period. 

NaCl. 

Acidity 

I. 

. . 1200 

0.185 

245.2 

2.683 

7.996 

1.05 . 

0.109 

2. 

. . 1350 

0.177 

245.2 

3-358 

10.232 

1.00 

0.137 

3 . 

. . 1210 

0.158 

246.7 

2.503 

9.801 

0.89 

0. lOI 

4. 

1150 

0 209 

217 2 

2.527 

8.000 

1.18 

0. II6 

Av,.. 

1228 

0.182 

238 6 2.768 

Fasting Period. 

9.007 


0 116 

I. 

990 

0.344 

328 9 

2 616 

5.035 

2.39 

0.079 

2. 

. . 1345 

0.747 

677.1 

2.509 

3.231 

4.21 

0.037 

3 . 

. . 1540 

1.113 

770 4 

2.851 

2.539 

5.70 

0.037 

4. 

. . 1340 

1.388 

664.2 

2 490 

1.253 

8.62 

0.037 

5 . 

1410 

1.390 

52s 0 

2.376 

1.474 

10.46 

0.045 

6. 

1015 

1-463 

462.4 

I 186 

1.132 

11 .22 

0.026 

7. 

1120 

1.394 

438.9 

0.955 

1.137 

10 98 

0.022 

Av... 

. . 1251 

1.120 552.4 2.140 

Low-Protein Final Period 

2 257 


0.040 

I. 

900 

1.479 

214 8 

0.951 

0.874 

13.19 

0.044 

2. 

1000 

0.552 

140 6 

0.537 

0.714 

6.40 

0.038 

3. 

1240 

0 370' 

143 4 

0.822 

0.710 

4.54 

0.057 

4. 

. . 1330 

0 217 

136 2 

1.246 

0.762 

2.51 

0.091 

Av.... 

1118 

0.655 158.8 0.889 0.765 

High-Protein Final Period. 


0.058 

I. 

970 

o*. 161 

212.0 

1.830 

1.404 

1.14 

0.086 

2. 

1420 

0.158 

205.5 

2.934 

6.322 

1 .04 

0.142 

3. 

. 2530 

0.241 

228.0 

2-778 

14-063 

1.73 

0.122 

4. 

. 1550 

0.207 

199.6 

2.332 

10.220 

1.49 

0. II7 

5. 

. 2175 

0.204 

228.7 

2.587 

13 029 

1.29 

O.H3 

Av.... 

. 1729 

0 194 

214.8 

2.492 

9.008 

. . . 

O.II6 


Low Protein Feeding Period ,—At the close of the fasting period, the 
subject was placed on a diet similar to that of the preliminary period but 
only one-fourth that amount, so that, for foiir days after the fast, the 
subject received 5.23 grams nitrogen and about 1800 calories daily. The 
urine volume was low on the first day but increased gradually giving an 
average a little below normal for the period. 

The ammonia nitrogen was higher on the first day of the low protein 
feeding period than on the last day of the fast and was, indeed, slightly 
higher than the maximum value for the fast. A marked decrease was ob¬ 
served on the second day, tlie value dropping from 1.479 grams to 0.552 
gram with a ccjntinued decrease each day following. The minimum 
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value, however, was somewhat higher than any value in the preliminary 
period. 

The acidity dropped immediately after the fast to a value lower than any 
observed in the preliminary period, and decreased further giving a 
minimum value for the experiment on the fourth day. The excretion of 
phosphates diminished slightly on the first day and showed a considerable 
decrease on the second, after which there was a steady and rapid increase 
to a value about half that of the preliminary period. The chloride ex¬ 
cretion dropped considerably on the first day and decreased somewhat 
on the next and stayed about this minimum value for the remainder 
of the period. 
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FiftaZ Period .—^The final period consisted of five days, during which the 
food intake was increased to the amount eaten in the preliminary period. 
The urine volume was again low on the first day but rose rapidly to a 
maximum value on the third day, and then decreased to a value above the 
normal. The average was considerably above that of the preliminary period. 

The ammonia output continued to decrease for the first two days, but 
showed a marked rise on the third from 0.158 gram to 0.241 gram, an 
increase of over 52%. On the fourth and fifth days, the values were 
decreased to somewhat above the average of the preliminary period. 

The acid output increased on the first day of the final period to a value 
somewhat below the normal, and showed no great variation throughout 
the period. 

The phosphate excretion increased rapidly, giving values on the second 
and third days above the normal. For the remainder of the period, the 
output was somewhat below the average of the preliminary period. 

The output of chlorides rose rapidly for the first three days of the final 
period, and reached a maximum of 14 grams on the third day. The values 
for the last three days showed considerable variation and were all higher 
than the average of the preliminary period. 

General Discussion. 

The urine volumes varied within normal limits throughout the experi¬ 
ment. There was, however, a considerable diminution on the first day of 
each period (see Table p. 140). The volumes were less than a liter on 
these days only. In each case, there was a marked retention of water; 
for the daily water intake (water + water in milk) was 2225 cc. for the 
preliminary and final periods, 1500 cc. for the fast, and 1890 cc. for the 
low-protein period. The uniformly observed decrease in the urine volume 
on the first day of each period is remarkable owirtg to the difference in 
the conditions of the experiment at these times, but may indicate a re¬ 
tention due to a change in the metabolic activities of the body both on 
beginning and discontinuing the fast. A similar retention occurred in the 
previous fast on this subject.^ On the first day of that fast, with an 
intake of 1000 cc. water, the excretion was only 678 cc., and on the first 
two days following the fast, with water ingestions of 1000 cc. and 1750 
cc., the excretions were 507 cc. and 527 cc., respectively. Uniform weather 
conditions precluded the possibility of great variations in loss of water by 
other channels than the kidneys. 

On the third day of the fast, the urine volume was 1540 cc., which was 
40 cc. more than the water intake. This was the only time during the fast 
when the volume of liquid excreted was larger than the volume ingested. 
Our data, in this respect, are comparable with Benedict's* observation 
^ Howe, Mattill and Hawk, This Journai,, 33, 568 (1911). 

* Carnegie Publication^ No. 77 (1907). 
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that, when the volume of ingested liquid exceeds 1000 cc., the urine 
volume is not far from that of the liquid ingested. The average urine 
volume vras higher for the fast than for the preliminary period. 

In the low protein period, there was a steady increase from the minimum 
on the first day. The volumes in the final period increased daily from the 
minimum on the first day to the maximum for the experiment on the third 
day, when the volume of urine was again greater than that of the ingested 
liquids. 

The ammonia output rose immediately on the first day of the fast 
and increased rapidly, both absolutely and relatively, to a maximum value 
on the sixth day, which was eight times the average for the preliminary 
period (see Table p. 140). There was a slight decrease on the seventh 
day. The relative ammonia values increased in like manner from 1% 
of the total nitrogen in the preliminary period to 11 % on the sixth day. 
A similar increase occurred in the former fast by this same subject, giving 
in that instance a value of nearly 13% on the seventh fasting day.' These 
results are similar to those reported by Cathcart, in which he found an 
increase to 15% of the total nitrogen on the eighth day of the fast. In 
striking contrast, E. and O. Freund in their work on Succi found scarcely 
any increase in the ammonia excretion. 

Our ammonia nitrogen value rose to 13% on the first day of the low 
protein period and decreased steadily throughout the period. Cathcart 
feeding a nitrogen-free diet observed a marked increase in three days from 
7% to 11% of the total nitrogen. In both our investigation and that of 
Cathcart the relative value was near the normal in the final period. 

This increased elimination of ammonia during the fast has been fre¬ 
quently observ^ed by various investigators and explained as due to acidosis, 
caused by the formation of the acid products of fat metabolism. In 
fasting, tlie body must draw on its own stores of glycogen and fat for 
energy and, as the fat is metabolized, the acid products formed, diacetic 
and /3-hydroxybutyric acids, accumulate so rapidly that a condition of 
acidosis is established which calls for an increased formation of ammonia 
to aid in maintaining the normal reaction of the body fluids. In this 
consideration, it is interesting to compare the figures we have obtained for 
ammonia, acidity and phosphate, as excreted in tlie urine during and 
following the fast. An inspection of the curves in the figure will make the 
relations clearer. 

The values of the three constituents just mentioned were increased 
at tlie beginning of the fast. The ammonia output rose rapidly to a 
maximum on the sixth day; the acidity increased to a maximum on the 
third day and then gradually decreased; the phosphate output increased 
in general to the third day and then decreased, the relative decrease being 
1 Howe, Mattill and Hawk, This Jodrnai., 33, 568 (1911). 
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dosely parallel to that of the acidity* Cathcart,^ Van Hoc^nhuyze and 
Vetploegh,* Benedict,* Ludani,* Ajello and Solaro,® Munk* and others 
report somewhat similar results for the constituents which they deter¬ 
mined* 

The explanation of the relations above mentioned may lie in the com¬ 
plicated mechanism by which the body attempts tb maintain a uniform 
reaction of its fluids. As soon as fasting starts, the glycogen and fat 
stores of the body are called upon to furnish the necessary energy for the 
body. At first, the glycogen is used in large amounts, the fats being 
called upon more and more as the fast progresses. Thus, on the first day, 
the acids formed by fat metabolism were produced in small amounts 
only, which called for but a slight increase in the ammonia formation and 
a slightly increased acid and phosphate output. 

Henderson's work^ on the relation of phosphate to the maintenance 
of neutrality of the body fluids shows that they play an extremely im¬ 
portant role. As acids are formed in the body and pass into the blood or 
lymph, an equilibrium is immediately established, some of the di-sodium 
phosphate present changing to monosodium phosphate. An excess of 
monosodium phosphate in the blood is excreted by the kidneys, due 
either to an increased tendency to dialyze as shown by Maly,® or to a 
ftmction of the kidneys, or both. Thus, an increased phosphate excretion 
with increased urine acidity follows an increased formation of acids in the 
body. Just such a condition was met with in our experiment. The acids 
formed by fat metabolism caused increased excretion of phosphates with 
increased urine acidity. 

After the glycogen stores were depleted, the fat metabolism became 
more marked, as shown by a greater increase in the ammonia output 
on the second day, when the excretion was more than doubled. The 
ammonia formation did not, however, keep pace with the acid formation 
as indicated by the increased acidity of the urine on the second day of the 
fast. The relatively low value of the phosphate output is unexplained. 
The third day showed an increased excretion of all three constituents. 
Thereafter, the ammonia increased, but the acidity and phosphate output 
decreased, indicating that the production of ammonia had caught up 
with the acid production within the body and was gradually exceeding 

^ Biochem. Z„ 6, 109 (1907). 

* Z. Physiol. Chem., 46, 440 (1906). 

* Carnegie Publication, No. 77 (1907). 

* Das Hungem., Leipzig (1890), 

* La Riforma Medica, 9, [2] 542 (1893). 

« Virchow*s Archiv,, 131, supplement (1893). 

’Henderson, J. Biol Chem., 9, 403 (1911)- Fitz, Alsberg and Henderson, Am. 
J. Physiol, 18, 113 (1907). 

* Ber., 9, 164 (1876). 
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it. With the increase of ammonia, there would be a smaller amount of 
free acids to be eliminated and therefore a decreased urine acidity. The 
ammonia excretion reached a maximum on the sixth day and decreased 
on the seventh, which may have been caused by decreased fat metab¬ 
olism, due to a lessening of the fat stores of the body. 

At the beginning of the fast, there was a marked decrease in the ratio 
of phosphates to acidity, indicating that less than usual of the urinary 
acidity was due to acid phosphates. The ratio decreased to a lower 
figure as the fast progressed, which may be accounted for by the rapid 
increase of acidosis in the body and the increased excretion of free organic 
acids in the urine. This explanation is confirmed by the fact that 
,jS-hydroxybutyric and diacetic acids were present in considerable amounts 
during the last days of the fast, when the phosphate-acidity ratio was 
at its minimum value. Undoubtedly, also, a deficiency of phosphates, 
•caused by their continuous excretion, was instrumental in bringing about 
a retention which continued through practically all of the low protein 
period. 

With the intake of food, the ratio of phosphates to acidity increased 
quickly, due to a decreased excretion of organic acids as indicated by a 
comparison of values for the first and third days of low protein ingestion. 
These show a decreased phosphate excretion, accompanied by an increase 
in the ratio of phosphates to acidity. The ratio swung to a value above 
normal on the second day of high protein feeding and then returned to a 
normal figure, indicating that the body fluids had returned to their usual 
condition of equilibrium where the monosodium phosphate excreted is the 
chief factor causing urinary acidity. 

On the first day of the low-protein feeding period, the ammonia output 
increased considerably, exceeding slightly the maximum value of the fast. 
This may have been due to an attempt of the organism to reduce the 
acidosis of the body. As a result of this high ammonia formation, the 
acidity dropped to less than half the value of the previous day. This 
decrease in acidity was undoubtedly also accentuated by the ingestion 
of food, which furnished bases for neutralization of acid metabolic prod¬ 
ucts and calories which alleviated the condition of acidosis. 

The diet of the low-protein period seemed sufficient to overcome much 
of the acidosis, as the ammonia output decreased nearly two-thirds on 
the second day and diminished thereafter to the end of the period. The 
acidity of the urine decreased in general with a slight increase on the 
third day. The phosphate output diminished nearly one-half on the 
‘Second day, and increased slowly to the end of the period. This re¬ 
tention of phosphates has been noted by Cathcart, Benedict, and Van 
Hoogenhuyze and Verploegh, an^l may indicate a tendency on the part 
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of the body to regain its normal amount of phosphates. The ratio of" 
phosphates to acidity increased toward the normal. 

With the high-protein ingestion, there was an immediate decrease in 
the ammonia excretion. The output of the first two days was rather 
below the normal average, but on the third day the excretion increased 
more than 50% with a return to slightly above normal for the remainder 
of the period. The high value on the third day has been noted before in 
experiments,^ in this laboratory, on this and two other subjects® and in 
certain other data, especially in Cathcart’s work on Beauts, In the latter 
experiment, a slight rise occurred on the third day of normal feeding 
following two days of non-nitrogenous food ingestion. This rise in the 
ammonia following fasting has been explained in a previous article, 
by one of us,® as due to an attempt on the part of the body to free itself 
of the last traces of acidosis so that it may return to a normal metabolic- 
regime. This explanation gains support from the fact that on this day 
there was also a high excretion of acids and phosphates. 

The increase in the ammonia output on the third day after the fast,, 
as mentioned above, was less in our present experiment on Subject E 
than in the previous experiment, made upon this same subject. In the 
former instance he passed immediately to a high protein diet at the con¬ 
clusion of the fast, whereas in this instance he was on a low protein diet 
for four days before ingesting the high protein diet. The difference 
in the dietary conditions and the added fact that the organism may con¬ 
duct itself differently metabolically in a repeated fast® may account for 
the variation noted. 

By examining the data for the low-protein period, we note that no* 
increase occurred but, instead, a continuous decrease. The non-ap¬ 
pearance of the rise in the ammonia excretion on the third day of this, 
period may have been due to the fact that the food ingested, being but one- 
fourth the amount of the normal diet, was low not only in nitrogen but also* 
in calorific value and the body was stiU forced to derive a part of its energy 
from its own fat supply, thus allowing a continued, though decreased,, 
formation of acids from fat metabolism and a continued state of acidosis. 

The chloride output throughout the experiment seemed to bear no^ 
relation to the excretion of the other constituents considered. It de¬ 
creased rapidly during the first four days of the fast and remained fairly, 
constant for the remainder of the period with a slight diminution. In the* 
low-protein feeding period, the excretion dropped to less than one-tenthi 
of the normal output, showing a considerable retention. A similar re¬ 
tention has been observed in a number of experiments as previously 
noted. 

PHItADSLPRIA, Pa. 

* Howe, Mattill and Hawk, This Joukna£, 33, 368 (1911), 

* Howe and Hawk, Ibid», 33, 2x5 (191 x). 
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TASTING STUDIES. XIII. THE OUTPUT OF FECAL BACTERIA 
AS INFLUENCED BY FASTING AND BY LOW AND 
HIGH PROTEIN INTAKE. 

By N. R. Blatherwick: and P. B. Hawk. 

Received November 12 IQ 13. 

So far as we are aware, the influence which fasting exerts upon the 
output of fecal bacteria has not been studied. Schmidt and Strasburger^ 
state that during fasting the output of dry bacteria is one and one-third 
gram per day. No data are submitted. The amount of fecal bacteria 
•excreted per day during a fast should, of course, decrease because of the 
withdrawal of food and the consequent absence of the products of the 
•digestion of such food from the contents of the intestine However, one 
would not expect a complete cessation of bacterial growth, inasmuch as 
albuminous secretions continue to be poured into the lumen of the intestine 
even during a fasting interval.^ 

The course of intestinal putrefaction as measured by the urinary indican 
excretion has been followed in a few cases. One of the first experiments 
of this sort was that made by Miiller® upon the professional faster Cetti. 
He found no indican in the urine after the third day of fasting. The 
procedures for the detection of indican were not fully developed at that 
time. One would naturally expect to find indican in the urine of a fasting 
individual because of the fact mentioned above, that secretions and juices 
•containing protein material are poured into the intestine even during 
periods of inanition. Baumstark and Mohr^ also report the absence 
of indican in the urine of a fasting dog after the elimination of the “hunger 
feces.’* In our experience, fasting feces continue to be passed throughout 
a fasting interval of over loo days.® Experiments made in our labora¬ 
tory have also shown a pronounced decrease in the indican output of a 
76 kilogram man during a seven-day period of inanition.® 

Description. 

Data as to subject, diet and experimental periods are given in a previous 
paper.*^ A description of methods is also given in another connection.® 

^ **Die Faces des Menschen,’' p. 286. 

• Mosenthal, Proc. Soc. Exp. Biol. Med , 8, 40 UQio) 

^BerL klin, Woch., 24, 433 (1887); also Virchow's Arch , p. 133, supplement (1893). 

^ Z, exp. Path. Ther., 3, 687 (1906). 

® Howe, Mattill and Hawk, J. Biol. Chem ,11, 103 (1912). 

• Sherwin and Hawk, J. Biol. Chem., ii, 169 (1912) 

^ Wilson and Hawk, This Journai., 36, 137 (1914). 

• Blatherwick and Hawk, Biochemical Bulletin, 3, No. 9, 1913- 
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Discussion of Results. 

During the preliminary period of four days (21.86 grams of nitrogen 
per day), the average daily excretion of fecal nitrogen was 2.S15 grama 
(see Table I). Of this amount 1.571 grams or 55.82% was bacterial 
nitrogen. The actual excretion of bacteria was 14.34 grams pet day^ 
constituting 34.03% of the dry feces. 


Table I. 

Subject E—East. 

Bact. % dry 

Weight % Wt. dry Fecal Bacterial dry bact. in Bact. N. 

Stool of stool, dry matter. N. N, matter, dry feces, in fecal 

No. Grams, matter. Grams. Grams. Grams. Grams Grams. N %. 

Preliminary Period (4 Days). 

1 . 970 22.23 21.56 1.4x2 0.752 6.861 31.82 53.26* 

2 . 166.0 22.65 37.60 2.368 1.351 12.327 32.78 57.05. 

3 . 184-5 23.34 42.94 2 891 1.513 13.805 32.15 52.33 

4 . 215.0 22.31 47.96 3.081 1.747 15-940 33-24 56.70- 

5 . 35-5 26,55 9.43 0.614 0.379 3-458 36.69 61.73. 

6 . 31.0 29.12 9.03 0.893 0.543 4.954 54-88 60.81. 

Total. 729.0 ... 168.52 11.259 6.285 57-345 . 

Average- 182.3 23.12 42.13 2.815 i. 57 i 14-336 34-03 55-82 

Fasting Period (7 Days). 

1 . 81.0 11,34 9-185 1.504 0.352 3-212 34-97 23.40. 

2 . 38.5 19-47 7-495 0.682 0.354 3.230 43.10 51.911 

Total. 119.5 ... 16.68 2.186 0.706 6.442 . 

Average.... 17.1 13.99 2.38 0.312 o.ioi 0.920 38.62 32.29. 

Low Protein (4 Days). 

X. 44.0 18.28 8.043 o 633 0.358 3.266 40.61 56.55. 

2. 19.0 8.98 1.706 0.143 0.075 0.684 40.09 46.05 

Total. 63.0 ... 9.75 0.776 0.433 3.950 . 

Average.... 15.75 15.48 2.44 0.194 0.108 0.988 40.51 55.80. 

High Protein (5 Days). 

1 . 192.5 21.61 41-59 2.779 1.564 14-270 34-31 56.28 

2 . 230.0 14.76 33.94 2.210 0.944 8.613 25 38 42.71 

3 . 86.5 19.95 17-25 1.127 0.589 5.374 31.15 52.26 

4 . 135.0 22.60 30.51 2.014 1.114 10.164 33-31 55-31- 

5 . 180.5 22.79 41-13 2.659 1-549 14-133 34.36 58.25 

6 . . 48.5 25.44 12.34 0.820 0.490 4.471 36 23 59.76 

Total. 873.0 ... 176.76 11.609 6.250 57.025 . 

Average- 174 6 20.25 35.35 2 322 1.25 11405 32.26 53 84 


The feces of the fasting period were quite reatdily separated fromthoses 
of the other periods because of the different character of the stools. Neither?^'' 
carmine nor charcoal was utilized in making the separation. The feces 
passed during the fasting interval (2 stools) were more fluid in character 
and darker in color than the feces resulting from the cracker-milk diet 
of the feeding periods. The fasting feces when examined macroscopically 
apparently consisted principally of mucous and residues of secretions- 
Microscopical examination demonstrated large numbers of bacteria- 
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Tlie bacterial suspension, however, had a much different appearance than 
did that of the stools passed during feeding. After adding the alcohol 
the supernatant liquid assumed a reddish green tinge in contrast to the 
customary brown color seen in such suspensions. When the bacterial 
substance had settled it also possessed a greenish tinge. Bile may have 
been a contributing factor in this color variation. 

The weight of fecal nitrogen excreted per day during the fast was 
0.312 gram, of which o.ioi gram or 32.29% was of bacterial origin. The 
actual output of dry bacteria per day was but 0.92 gram, a most marked 
decrease from the daily value of 14.34 grams observed during the pre¬ 
liminary feeding interval. 

Following the fast, the subject was fed a low-protein (5.23 grams of 
nitrogen per day) diet for a period of four days. Two stools were collected 
during this interval. The amount of fecal nitrogen excreted daily was 
0.194 gram, of which 0.108 or 55.80% was of bacterial origin. The 
average daily excretion of dry bacteria was 0.988 gram or 40.51% of the 
total fecal (dry) output. 

The original high-protein diet of the preliminary period was now re¬ 
sumed. The average weight of fecal nitrogen passed per day during this 
five-day period was 2.322 grams. C)i this total excretion 55.84% or 
1.250 grams was bacterial nitrogen. The actual output of bacterial 
substance was 11.405 grams or 32.26% of the dry feces. 

When the foiu parts of the experiment are compared, the variations 
in the bacterial data are very striking. The amount of bacterial dry 
substance excreted per day, for example, was 14.336 grams during the 
preliminary period, 0.92 gram for the fast, 0.988 gram for the period 
ol low-protein ingestion and 11.405 grams for the final high-protein period. 
Similar variations were observed in the bacterial nitrogen values. The 
very marked decrease in bacterial values during the fasting interval was 
expected because of the absence of food digestion products in the lower 
intestine. That the bacterial output for the low protein period w^as 
about the same as that for the fasting interval is significant. That there 
was no greater bacterial development when 5.23 grams of nitrogen were 
daily introduced into the body than when no nitrogen was introduced 
may be taken as evidence of very thorough utilization of the food nitrogen, 
thus leaving no extra pabulum for the microorganisms. The fact that 
the fecal nitrogen values, both total and bacterial, were not so great during 
the final period as during the preliminary period, although an identical 
diet was ingested in each instance, may also be taken as evidence of a 
better utilization of the protein constituents of the diet following the 
fast. Undoubtedly the need of nitrogen to make good the tissue des- 
tnoyed during the fast played an important part in producing the better 
food utilization. 
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It will be noted that the percentage of dry bacteria in dry feoes wis 
increased during the fasting and low-protein periods. This was to be 
expected, since the ingestion of large amounts of protein (21.86 grams ef 
ditrogen) would increase the amount of undigested and indigestible resi¬ 
dues, while the increase of bacteria would not be relatively as great. 

It is interesting to note that the feces passed during fasting contain 
smaller numbers of bacteria per day than during a period of normal 
feeding, but that the fasting feces contain a larger relative proportion of 
bacteria than do feces passed during such an interval of feeding. 

Bacteria versus Indican ,—^In the appended table (II) will be found ^ a 
comparison-of the data for the excretion of fecal bacteria and urinary 
indican by the subject of the present investigation. The indican values 
are^taken from data reported by Sherwin and Hawk,^ 

Table II.—Relationship of Fecal Bacterial Nitrogen to Urinary Indican 

Output. 

Experimental period 

Constituent determined Preliminary. Fasting. Low-protein. High-protein. 

Excretion per day 

Indican (mgs.) . 48.9 32.9 74 i 79 6 

Bacterial nitrogen (grams) 1.571 o.ioi o 108 i 250 

It will be noted that the indican values are very high for the low-protein 
period following the fast. This phenomenon is difficult of explanation. 
If this high indican value is to be interpreted as being due to increased 
putrefaction, brought about by less complete absorption of protein from 
the intestine, it would be logical to expect that the total nitrogen of the 
feces would be proportionately increased. However, our fecal nitrogen 
data (Table I) show jno such increase. The daily output of fecal nitrogen 
for the preliminary period was 2,815 grams, whereas the daily output 
for the period of low-protein ingestion subsequent to the fast was but 
0.194 gram. In other words, the ratio between the nitrogen of the diets 
was as 4 : I while the ratio between the resultant fecal nitrogen values 
was as 14.5 : I. It is apparent, therefore, that instead of being relatively 
increased, the nitrogen in the feces has undergone a very pronounced 
relative decrease. This finding of itself, considered apart from all associated 
factors, might be interpreted as indicative of a much more satisfactory 
absorption during the period of low-protein ingestion, subsequent to the 
fast. 

Another surprising observation in this connection is the fact that tl|e 
actual average daily output of bacteria during the low-protein feeding period 
was only about as great as during the preliminary interval. That in¬ 
creased putrefactimi should come coincidently with a decrease in the 
bacteria value to approximately ^/u of the original, is certainly a sur¬ 
prising observation. What factors may have been instrumental in bringr 
^ Sherwin and Hawk, J, Biol. Chem., zx, 169 (1912). 
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about such a condition of affairs? In the first place it is entirely 
possible that the intestinal flora before the fast, although highly de-. 
veloped as was indicated by an average daily output approximating 14 
grams, was nevertheless made up in large part of non-indole-forming 
bacteria. They may, in turn, have been relatively inactive in so far as the 
actual formation of indole was concerned. Under such conditions then, 
we would have a low indole output from an intestinal flora which was 
copious in quantity. A condition such as this could, of course, be brought 
about by proper manipulation of the diet.^ In the experiments from this 
laboratory under consideration, however, the conditions were such as to 
lead one to expect a pronounced intestinal putrefaction at the very point 
where the low indican value was obtained, i, e,, on the high-protein diet. 
We could further cite, from the data thus far obtained from experimenta-, 
tion upon subject E in this and other connections, facts which seem to 
indicate that there is, of necessity, no uniform relationship between the 
urinary indican excretion and the fecal bacteria output under a similar 
dietary regime. 

During the fast it is possible that certain indole-forming organisms 
formed a progressively increasing proportion of the intestinal flora due to 
their greater resistance to the rigors of the fasting regime. Therefore, 
at the end of the fast, although there was an actual reduction in the mass 
of the flora, these indole-formers may have made up the major portion. 
Unhampered by the presence and activities of other types of micro¬ 
organisms these active indole-organisms were able to bring about a very 
rapid formation of indole and the stimulated absorptive mechanism 
caused this indole to be very completely absorbed and rapidly put through 
the subsequent detoxicating process which yielded the urinary indican. 
These factors may have played an important part in the peculiar re¬ 
lationship which we note between fecal bacteria and urinary indican 
output. 

Conclusions, 

By means of a seven-day fast the daily excretion of fecal bacterial 
nitrogen by a 76 kilogram man (E) was reduced from 1.571 grams to 
o.ioi gram, whereas the actual weight of the excreted bacterial substance 
was reduced from 14.336 grams to 0.920 gram per day. The percentage 
of the fecal nitrogen which was present as bacterial nitrogen was de¬ 
creased from 35.82% to 32.29% as a result of the fast. The percentage 
of dry bacteria in dry feces was slightly increased. 

The output of bacterial nitrogen and the output of bacterial substance 
were approximately the same on a low-protein diet as during fasting. 
With the ingestion of a high-protein diet these values underwent an im¬ 
mediate and pronounced increase. 

> Kendall, /. Afed. 411 (1911). 
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The percentage of the feed nitrogen which was composed of bacterid 
nitrogen was about the same in the periods of low- and high-protein in¬ 
gestion. 

There was no definite relationship between the excretion of feed bacteria 
and that of urinary indican. 

The ingestion of 5.23 grams of nitrogen after the fast was followed by an 
excretion of feed bacteria which was only Vm as great as when four times 
that amount of nitrogen was ingested before the fast. 

PHII^AOSLPHIA, Pa. 


[From the Laboratories op Physiological Chemistry of the University op 
Illinois and of Jefferson Medical College ] 

STUDIES ON WATER DRINKING. XVI. THE INFLUENCE OF 
DISTILLED WATER DRINKING WITH MEALS UPON 
FAT AND CARBOHYDRATE UTILIZATION. 

By N. R. Blatherwzck and P. B. Hawk. 

Received November 12, 1913 

So far as we are aware, the only study of the utilization of fat and 
carbohydrate, as influenced by the ingestion of large volumes of water 
at meal time, is that reported by Mattill and Hawk.^ In the tests cited 
in that report the subjects were young men and the water employed was 
a freshly prepared softened water. A somewhat better utilization was 
secured when large volumes of water were taken with meals. The varia¬ 
tions, however, were not very marked except in the case of the fat utiliza¬ 
tion by one subject. In this case, the percentage utilization was in¬ 
creased from 94.3% to 96.5% as a result of high water intake. 

The statement is frequently made that distilled water ingestion, be¬ 
cause of the absence of electrolytes in such water, has a harmful influence 
upon the animal body. In this connection, Findlay^ says that the in¬ 
gestion of distilled water is followed by the swelling of the surface layers 
of the gastric epithelium and that ** salts also pass out, and the cells may 
die and be cast off. This may lead to catarrh of the stomach.” Harlow* 
and Koeppe^ also believe that catarrh of the stomach may follow the 
ingestion of distilled water (iced). Nocht* and Winkler® report experi¬ 
ments which failed to demonstrate that any bad effect followed the drink¬ 
ing of distilled water. Spitta^ believes that we have, as yet, no definite 

^ J. Am, Chem. Soc., 33, 1978 (1911). 

® "‘Physical Chemistry and its Applications in Medical and Biological Science,’* 
London, 1905. 

* Quoted by Oehlcr. 

* Deut. med. Wochschr,, 1898, 624 

® Hyg. Rundschau,t 1892, 273. 

® Z. physikal, dial. Ther,, 8, 671 (1905). 

^ “Rubner’s Handbuch Hygiene,” Leipzig, Z9ZZ, 28. 
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solution to the problem as to whether the ingestion of distilled water is 
followed by harmful influences. Oehler,^ on the other hand, has recently 
reported tests on white mice, which seem to indicate that the drinking 
of distilled water brought about hemoglobinuria. It is well established 
that the introduction of distilled water into the blood stream will bring 
about a hemoglobinuria of a transient character, but we are rather 
skeptical as to the possibility of ingested distilled water producing any 
such disorder. We are investigating this feature of the water drinking 
problem. 

Description* 

A complete description of the general plan of this series of experi¬ 
ments upon distilled water drinking with meals has been reported in a 
recent paper.^ This experiment comprised three periods; (a) a pie- 
liminary period; (b) a copious water period, and (c) a final period. A 
uniform diet was maintained throughout the experiment. 

The method used for the fat determinations was that of Kumagawa 
and Suto* with the modification proposed by Inaba.^ In the deter¬ 
mination of carbohydrates in the feces, a modification of Strasburger's 
method® was employed. The method was exactly the same as that used 
in the former work by Mattill and Hawk,® except that the reducing power 
of the solution was determined by Benedict’s new quantitative method.’ 

The diet contained 155.4 grams of fat and 293.2 grams of carbohydrate 
per day, distributed among the various dietary constituents as indicated 
in Table I. 

Table 1.—Composition of Daily Diet. 


Pood. Fat. Carbohydrate 

Dietary Amount Amount. Amount, 

constituent Grams Grams %. Grams 

Milk. 1200 40 48.0 5.71 68 5 

Graham crackers.:.., 300 78 234 72.5 217.5 

Butter. 75 84.4 63 3 negligible 

Peanut butter. 45 46.0 20 7 16 o 72 

Total. .. 155-4 293-2 

Discussion of Results. 


Fat Utilization—Subject C ,—During the preliminary period, an average 
of 6 grams of fat was excreted daily (see Table II). The % of fat in the 
moist feces was 8.4. Water ingestion caused a decrease in these values. 
» MUnch, med. Woch., 59, 50 (1912). 

® Blatherwick and Hawk, Biochemical Bulletin, 3, No, 9, 1913. 

* Biochem, Z,, 8, 213 (1908). 

♦ Ibid., 8, 348 (1908), 

* Die Fdces des Menschen, p. 173. 

• This Journal, 33* 1978 (1911). 

^ /. Am. Med. Assoc., 57, 1193 (1911). 
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The data indicate that, during the water period, the feces contained a 
lower percentage of fat (8.21%) and that there was a lower output of ixt 
per day (5.54 grams). The final period, in which the otigmd dietary 
conditions obtained, showed 3.47 grams of fat excreted daily; the per¬ 
centage of fat in the stools being still finther reduced to 7.64%. The 
percentage utilization of fat during the three periods was 96.14, 96.43 and 
96^0%, respectively. Water apparently caused a slightly better utiliza¬ 
tion of the ingested fat. However, the variations are within normal 
limits for utilization values. 

Table II.—Fat Excretion—Subject C. 


Stool Weight Weight of Per cent, fat Weight 

No. of stool. dry matter. in fresh feces. of fat. 

Preliminary Period (5 Days). 

1 . 43-5 10.19 8.23 3.58 

2 . 43.5 II 60 8.25 3.59 

3 . 60.5 18 37 8.94 5.41 

4 . 73.5 21 87 8.05 5.92 

5 . 136.0 37-66 8 46 11.51 

Total. 357 o 99.69 30.01 

Average. 71.4 19.94 8.40 6.00 

Copious Water (5 Days). 

6 . 57 5 1367 9 33 5-36 

7 . 43-5 12.91 8.02 3 49 

8 . 56.5 1446 7.96 4-50 

9 . 86.5 24 44 7.65 6.62 

10 . 93-5 26.85 8.27 7.73 

Total. 337-5 9233 .. 27.70 

Average. 67.5 18 47 8.21 5.54 

Final Period (5 Days). 

11 . 72.0 19-58 7-07 5-09 

12 . 66.5 18 07 8.27 5.50 

13 . 72.5 18.25 7.61 5.52 

14 . 74-5 17.28 7.34 5.47 

15 . 72.5 16.44 7.98 5-79 

Total. 358.0 89.62 27.37 

Average. 71.6 17.912 7-64 5.47 


Subject V.—Tht daily output of fat during the preliminary period was 
6.06 grams, 4-89% of the stools being composed of fat (see Table III), 
Under the influence of water, these values became 6.36 grams and 6,80%, 
respectively. In the final period, the daily excretion of fat was 5,04 grams 
and the percentage value 4.52. These values are considerably lower than 
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those obtained in the preliminary period before the high water ingestion^ 
and also lower than those of the water period. It is probable that the 
ingestion of the large volume of water stimulated the activities concerned 
in fat utilization, but that the influence of the water was not felt at once 
but became slightly apparent in the after period. If we combine the 
water period and final period we find that during this ten-day interval the 
average daily fat lost by feces was 5.70 grams. This is an appreciable 
drop;from the output of 6.06 grams per day, which we secured in the 
preliminary period. The utilization values for the three periods are 
96.15%, 96.00% and 96.82%, respectively. The utilization value for the 
ten-day interval beginning with the water ingestion is 96.39%. Here, 
again, it may be considered that^the variations in the utilization values 
fall within normal limits. 


Table III.— Fat Kxcretion — .Subject V. 

Stool Weight Weight of Per cent, fat Weight 

No. of stool. dry matter. ia fresh feces. of fat. 

Preliminary Period (5 Days). 

1 . 48.5 557 2.70 

2 . 56.5 13-65 6 51 3.68 

3 . 244.5 47.09 4 97 12.16 

4 . 154 5 27 IQ 4.54 7.01 

5 . 115.5 22.23 4.IX 4.75 

Total. 619.5 120 33 . 30.30 

Average. 123,9 24 07 4 89 6.06 

Copious Water (5 Days). 

6 . 56.0 10.65 5.42 2.94 

7 . 75.5 16.90 6.73 5.08 

8 . 44-5 7.05 7.06 3.14 

9 . 120.0 26.75 703 8.43 

10 . 171.5 38.60 7.12 12.21 

Total. 467.5 99-95 31.80 

Average. 93.5 19 99 6 80 6 36 

Final Period (5 Days). 

11 . 162.5 32.97 4.98 8.10 

12 . 124.5 23.89 4.63 5.76 

13 . 56.5 11.90 4-27 2 41 

14 . 214.0 34-52 4.17 8.92 

Total. 557.5 103.28 25.19 

Average. H1.5 20.66 4.52 5.04 


Carbohydrate Utilization—Subject ( 7 .—^The daily output of carbohydrate 
daring the preliminary period was 1.39 grams (see Table IV). Under 
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the influence of distilled water ingestion this value became 1.29 grams, 
whereas the value for the final period was 1.13 grams. The percentage 
utilization was practically the same for each period, the actual figures 
being 99-52%, 99.56% and 99.62%, respectively for the three periods of 
the experiment. 

Table IV.—Carbohydrate Excretion—Subject C. 


Stool Weight Weight of Per cent, carbohy- Weight of 

No. of stool. dry matter, drate in fresh feces, carbohydrate. 

Preliminary Period (5 Days). 

1 . 43 5 10.19 1.94 0 84 

2 . 43 5 11.60 1.94 0.84 

3 . 60 5 18 37 2.01 1.22 

4 . 73.5 21.87 1.84 1-35 

5 . 136 o 37 66 I 97 2 68 

Total. 3570 9969 .. 6.93 

Average. 71.4 19 94 i 91 1.39 

Water Period (5 Days). 

6 . 57.5 13 67 1.60 0.92 

7 . 43 5 12 91 1 57 o 68 

8 . 56 5 14 46 I 93 I 09 

9 . 86 5 24.44 1*95 ^ 68 

10 . 93 5 26 85 2.19 2.06 

Total. 337.5 92.33 .. 6.43 

Average per day.... 67,5 18.47 i .92 1.29 

Final Period (5 Day«). 

11 . 720 1958 1.66 1.20 

12 . 66 5 18.07 I 91 1-27 

13 . 72 5 18.25 I 83 1.33 

14 . 74 5 17 28 1.57 1. 17 

15 . 72 5 16 44 0.97 0.70 

Total. 358 o 89 62 5.67 

Average per day..., 71.6 17.92 1.59 1.13 


Subject V .—In this case, the daily output of carbohydrates before the 
water period was 1.44 grams, 1.30 grams were excreted daily during the 
period of water ingestion, and 1,32 grams daily in the final period (see 
Table V). Here, again, the actual percentage utilization of the car¬ 
bohydrate of the diet was the same in each of the experimental periods; 
the data indicating that 99.51% of the ingested carbohydrate was utilized 
during the preliminary period, 99-5^% during the time of high water in¬ 
gestion and 99.55% in the final period. 
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TaBI^E V.--CARBOHYDRATB EXCRETION—SUBJECT V. 


Stool 

Weight 

Weight of 

Per cent, carbohy- 

Weight of 

No. 

ot stool. 

dry matter. 

drate in fresh feces. 

carbohydrate. 


Preliminary Period (5 Days). 


I. 

48.5 

10.17 

1.01 

0.49 

2. 

56.5 

13 65 

I 54 

0.87 

3 . 

•• 244.5 

47.09 

1.10 

2.69 

4 . 

* - 154 5 

27.19 

1*13 

1.74 

5 . 

. . 115.5 

22.23 

1.24 

1*43 

Total. 

• • 619 5 

120 33 


7.22 

Average. 

123 9 

24.07 

1 17 

I 44 


Water Period 

(5 Days). 



6. 

56 0 

10.65 

1.07 

0,60 

7 . 

75 5 

16.90 

1.61 

1.21 

8. 

44 5 

7.05 

1.50 

0 67 

9 . 

120 0 

26.75 

1.40 

1.68 

10. 

.. 171.5 

38.60 

I 36 

2.33 

Total. 

. . 467 5 

99 95 


6 49 

Average. 

93*5 

19*99 

1*39 

1.30 


P^inal Period 

(5 Days). 



II. 

.. 162.5 

32.97 

1.28 

2 .08 

12. 

.. 124.5 

23 89 

1.06 

1.32 

13. 

56 5 

II .90 

1.39 

0 79 

14. 

.. 214 0 

34-52 

1.13 

2 42 

Total. 

. * 557.5 

103.28 


6 61 

Average per day. 

III.5 

20 66 

1.18 

I 32 


The utilization values for the two subjects for each period of the study 
are^summarized in Table VI. 

Tabi.e VI.—Utilization of Fat and Carbohydrate. 


Subject C. Subject V. 

Fat. Carbo^drate. Pat. Carbohydrate 
Period. %. * %• %• %• 

Preliminary. 96.14 99*52 96.15 99*5i 

Water. 96.43 99*56 96.00 99*56 

Final. 96.50 99.62 96.82 99*55 


Summary* 

Two young men were maintained upon a uniform diet, and the effect 
of the copious ingestion of distilled water with meals upon the utilization 
of the ingested fat and carbohydrate determined. The utilization of these 
nutrients was apparently uninfluenced by the drinking of large volumes 
of water at meal time. 

PBII.ADBLPHIA, Pa 
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STUDIES ONjWATERfDRINKmG. XVH. THE AMMONIA OUT¬ 
PUT AS AN INDEX OF THE STIMULATION OF GASTRIC 
SECRETION FOLLOWING WATER INGESTION. 

By F. Wills and P. B. Hawk. 

Receivod November 12 , 1913 . 

It is apparent from the literature, so far as we have been able to de¬ 
termine, that Heidenhain^ was the first authority to advance the view 
that water stimulated the flow of gastric juice. Somewhat later 
Sanotskii* came to the same conclusion. It remained, however, for Pavlov* 
and his collaborators to place this important physiological-chemical fact 
upon a firmer experimental foundation. By the use of dogs possessing 
the Pavlov stomach they showed that the ingestion of 400-500 cc. of water 
stimulated the flow of gastric juice, and moreover that this stimulation 
was chemical in character rather than of nervous origin, inasmuch as it 
was effective following the severing of the vagus nerves. Their experi¬ 
mental data indicate that they were unable, in several instances, to dem¬ 
onstrate any stimulatory power for small volumes of water, i. 100- 
150 cc. They concluded, therefore, that prolonged and widely spread 
contact** with the gastric mucosa was essential for the most efficient 
stimulation. 

Rather more definite data, which are of a wider physiological signifi¬ 
cance than are those of Pavlov and his collaborators, have been sub¬ 
mitted by Foster and Lambert.'* Dogs provided with Pavlov stomachs 
were utilized. It was observed when large volumes of water were included 
in the dietary of the animals that the orifice of the small stomach in¬ 
variably ‘'appeared raw and inflamed** upon the following day, whereas 
when the water ingestion of the animals was maintained at a low level, 
these pronounced indications of irritation were not in evidence. These 
observations led the authors, in question, to investigate the influence of the 
water content of the diet upon the secretion of gastric juice. It was 
found that volumes of water below 200 cc. exerted no appreciable or 
uniform stimulation. When larger volumes were fed, however, e. g., 
40 cc. per kg. body weight, a marked increase in the flow of gastric juice 
was in evidence. This increase was moreover proportional to the volume 
of water ingested. The efficiency of water was shown likewise in connec¬ 
tion with certain milk feeding tests. In one instance the volume of juice 
secreted upon feeding 500 cc. of milk, concentrated by evaporation to 

* Pfitiger's Arch ., 19, 148 (1879). 

* Arch . $ ci . Uol ., 1, 588 (1892). 

* **The Work of the Digestive Glands,” translated by Thompson, second edition, 
p. 112, London (1910). 

* Jour . Exp . Med ., 10, 820 (1908). 
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250 cc., was only as great as that secreted upon the ingestion of 500 cc. 
of normal milk. 

The most significant observation made by Foster and Lambert was 
to the effect, that the gastric juice secreted in the small stomach under the 
influence of water ingestion was not only increased in volume, but in its 
acid concentration as well. For example, when 300 grams of meat was 
fed a dog the acid value of the juice, at the fourth hour, expressed in 
terms of o.i AT NaOH,^ was 80, whereas when 500 cc. of water were added 
to an equivalent quantity of meat the acid value rose to 138. This 
high acid value was obtained notwithstanding the fact that the actual 
volume of juice was much increased under the influence of the water. 
It appears, therefore, that *'when the secretion is abundant the acidity is 
much higher than when the secretion is scanty.'* The same phenomenon 
has been reported by Ketscher,^ one of Pavlov's associates. This varia- 
tion in acidity was believed to be due to the fact that the rapidly secreted 
juice had less opportunity to come into contact with the alkaline gastric 
mucosa. On the basis of Ketscher's tests, Pavlov concluded that the juice, 
if prevented from coming into contact with the mucosa, would possess a 
similar acid concentration under all conditions, L tf., whether secreted 
slowly or rapidly, Foster and Lambert call attention to the fact that if 
this claim of a constant acid concentration, as stated by Pavlov, be true, 
then “the gastric secretion would form an exception to present ideas of 
glandular activity.** On the basis of carefully performed tests, Foster 
and Lambert concluded that there was “a variation in percentage content 
of hydrochloric acid in gastric juice at different times during digestion.*' 

That water stimulates the flow of gastric juice has again been dem¬ 
onstrated very recently by Sawitscli and Zeliony,^ who showed that the 
introduction of water in the pyloric^^portion of the stomach caused a flow 
of gastric juice in the fundus. 

Description. 

The subjects of the experiments herewith reported were two men 
^‘E’* and “W,** who had been used by one of us as subjects of other ex¬ 
periments.^ The particular data under consideration were obtained 
in connection with certain experiments reported by Mattill and Hawk.*^ 
Reference may be made to these articles for a full description of experi¬ 
mental conditions surrounding the investigation. 

' The number of ctibic centimeters required to neutralize 100 cc. of gastric juice. 

* Pavlov, Loc . cit . 

^ Pfinger's Arch ., 150, 123 (1913), 

* Hawk, Arch . Ini . Med ., 8, 382 (1911). Hattrem and Hawk, Ibid ., 7, 610 (1911). 
Howe, Mattill and Hawk, This Journai,, 33, 568 (1911). Mattill and Hawk, Ibid ., 
33 f 1978 (1911); 33 > 1999 (1911); 33 » 2019 (1911). 

* Mattill and Hawk, This Journai., 33, 1978, 1999, 2019 (1911). 
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Discussion. 

In the course of one of the earlier of our studies on water drinking^ 
it was observed that the ingestion of an increased volume of water at 
meal*time caused an augmentation in the output of urinary ammonia. 
In the light of the findings of Pavlov and of Foster and Lambert, already 
dted, and of Walter® and others on acid ingestion, it was believed that 
these high ammonia values might logically be interpreted as indicating 
that the water had stimulated the flow of gastric juice. The more effi¬ 
cient utilization of the protein constituents of the diet which accompanied 
these findings furnished further substantiation for the above interpretation. 

Bearing the above points in mind the anunonia data obtained in the 
present investigation were given careful consideration in order to determine 
whether any further confirmation could be obtained for the hypothesis 
already advanced. It was clearly apparent from a cursory examination 
of the data that the output of urinary ammonia had been markedly in-- 
creased imder the influence of an increased water ingestion. This fact, 
when taken into consideration in connection with the further fact that 
there was an accompanying better digestion and utilization of the in¬ 
gested protein,® was also considered as confirmatory evidence in favor 
of the hypothesis. 

It so happened that ‘'E'* and “W'' were each subjected to the in¬ 
fluence of varying volumes of water, so-called moderate and copious water 
drinking, the accompanying ammonia determinations being made in each 
instance. The completed data indicated clearly that the increase in the 
ammonia excretion was more pronounced in the case of the larger water 
ingestion. When this question of relationship was considered more in 
detail it was found that during the periods of increased water ingestion 
there was, in each instance, an increase in the ammonia excretion which was 
directly proportional to the extra volume of water ingested. We arrived 
at this conclusion by means of the calculations embraced in a following 
paragraph: 

TabuC I.—Daii^y Ammonia Excretion as Intwencbd by Water Drinking with 

MEA1.S. 

Subject W. Subject E. 


Period. 

Expt. I. 
Copious 
water 
ingestion. 
3000 cc. 
Gram. 

Expt. II. 
Moderate 
water 
ingestion. 
jIoOcc. 
Gram. 

Expt. IH. 
Copious 
water 
ingestion. 
4^ cc. 
Gram. 

Exp, IV. 
Moderate 
water 
ingestion. 
1500 cc. 
Gram. 

Preliminary. 

_ 0.214 

0.217 

0.212 

0.166 

Water. 

_ 0.426 

0.338 

0.367 

0.227 

Final. 

_ 0.286 

0.226 

0.246 

0.180 



Increase due to water. 



0.212 

O.I2I 

0.155 

0.061 


^ Fowler and Hawk, J . Exp , Med ,, 12, 388 (1910). 

2 Arch , exp . Path ,, 7, 148 (1877). 

* Mattill and Hawk, This Journal, 33,1999 (1911). 






STUDIES ON WATER DRINKING. XVII. l6l 

If we examine Table I, it will be noted, from a consideration of the data 
there summarized/that an ingestion of 3000 cc. of water at meabtime 
above that customarily ingested caused an average daily increase of 0.212 
gram in the ammonia excretion of subject W, whereas an ingestion of 1500 
cc. by this same subject caused an increase of only 0.121 gram in the 
ammonia output. In like manner, it will be observed that an addition of 
4000 cc. to the water ingestion of subject E caused an increase of 0.155 
gram in the ammonia excretion, whereas when the volume of ingested 
water was 1500 cc. the ammonia output was augmented by only 0.061 
gram. 

Let us consider the data more in detail. We will first consider the data 
from the experiments on subject W. To facilitate the following of the 
relationship mentioned the data will be presented in logical mathematical 


sequence, 

Moderate Water Drinking (Subject W). 

Volume of milk ingested per day. . . . 1200 cc. 

Percentage of water in milk. 87% 

Volume of water in 1200 cc. milk. .. .. 1044 cc. 

Volume of water ingested per day with meals in preliminary period 300 cc. 
Total volume of water ingested per day with meals in preliminary 

period, i. water plus water content of milk. 1344 cc. 

Volume of increased water ingestion taken daily with meals during 

water period . ... 1500 cc. 

Percentage increase in water ingested at meal time . 112% 

Copious Water Drinking (Subject W). 

Volume of milk ingested per day. 1350 cc. 

Volume of water in 1350 cc. milk. 1175 cc. 

Volume of water ingested per day with meals in preliminary period 300 cc. 
Total volume of water ingested per day with meals in preliminary 

period, /. e., w^ater plus water content of milk. 1475 cc. 

Volume of increased water ingestion taken daily with meals during 

water period. 3000 cc. 

Percentage increase in water ingested at meal time . 203% 

Ratio between the percentage increase in the daily ingestion of 
water with meals during the water periods of the experiments on 

moderate (112%) and copious (203%) water drinking. 1:1.81 

Ratio between the increased output of ammonia under moderate 
(0.121 gram) aillll copious (0.212 gram) water drinking with 

meals. 1 : i .75 

Ratio between water ingestion and ammonia excretion. i 81 : 1 75 

The similar ratio for Subject E is. 2 66 : 2 54 


We sec from these ratios that there was practically a quantitative re¬ 
lationship between the water ingestion and the ammonia excretion. In 
other words, the increase in the ammonia excretion was directly proportional 

J The ammonia values for the individual days will be presented in a later paper 
in connection with other data on nitrogen distribution. 
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to the increase in the volume of water ingested. We have interpreted the 
above findings as indicating that the water ingestion stimulated the flow 
of gastric juice thus causing the production of a greater quantity of hydro¬ 
chloric acid and that this increased acid production was the forerunner 
of an increased ammonia output (see later discussion). The uniform 
relationship between the water ingestion and the ammonia output might 
perhaps be considered as indicating that there was an attempt on the part 
of the gastric cells to maintain a uniform acid concentration. 

Table II. —Water and Ammonia Ratios. 


Subject w. 


Subject E. 


Expt. I. 
Copious HtO 
Moderate H*b 

I : I.8l 


3000 cc. HaO. 
0.0071 


Expt. II 


cpt. 

NHa me. (cop.) 


Expt. III. 

Copious HaO_ 

Moderate HiO 


NHa inc. (mod.) 

I : 1.75 I : 2.66 

Increased NHa per 100 cc. H2O (grams). 
1500 cc. HaO 4000 cc. HtO. 

0.0081 0.0039 


Expt. IV. 
NHt in 


i nc. (c op.) 
NHa inc. (mod.) 

I : 2.54 


1500 cc. HtO. 
o 0040 


When we compute the amount of ammonia excreted for every increase of 
ICO cc. in the water ingestion we find a significant relationship. The values 
thus secured are shown in the lower portion of the above table. In the 
tests made upon subject W it will be seen that each 100 cc. of the three 
liters of water added to the water ingestion during the interval of copious 
water drinking caused an increase of 0,0071 gram in the ammonia out¬ 
put, whereas when the water ingestion was increased only 1^00 cc. each 
100 cc. augmented the ammonia excretion 0.0081 gram. A similar re¬ 
lationship held for subject E. In other words, when we calculate the 
increased ammonia excretion upon the basis of a 100 cc. increase in the 
water ingestion, we find that the excretion was a trifle higher during 
moderate water drinking than during the period of copious water ingestion. 
These findings might be interpreted as indicating that after a certain 
limit had been reached in the water ingestion, each succeeding 100 cc. 
of water was less efficient as a stimulating factor than were the 100 cc. 
portions ingested before the limit above mentioned had been reached. 

When we compare the data from the two subjects we obtain interesting 
information regarding the reaction of different indi'llduals to similar 
stimuli. In the moderate water drinking tests, for example. Subjects 
E and W each increased their water ingestion by 1500 cc. If the ammonia 
values be consulted it will be noted that the ammonia output was in¬ 
creased 0.121 gram in the case of W and 0.061 gram in the case of E. 
In other words, identical stimuli proved twice as efficient in the organism 
of W as in that of E. A similar type of relationship is in evidence in con¬ 
nection with the tests on copious water drinking. Here it was demon¬ 
strated that 4000 cc. of water in E's organism was only about 73% as 
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efficient as a stimulatory factor as was 3000 cc, in W's organism.^ It is 
entirely logical to infer furthermore that the response of the same individr 
ual to identical stimuli will not always be the same. For example, it is 
entirely possible that three liters of water would not, under all conditions, 
cause sufficient stimulation of the gastric secretion of W to cause an in¬ 
crease of 0.212 gram in the output of ammonia. In other words, we do 
not wish to be understood as claiming that a variation in Uie water in¬ 
gestion of an individual will, of necessity, be accompanied by a quan¬ 
titative relationship between the associated ammonia excretions. 

In order to substantiate our acceptance of the increased ammonia 
output as an index of a stimulated gastric secretion, permit us to make 
certain potent citations from the literature. In the first place we would 
call attention to various investigations upon man and the lower animals 
which have demonstrated clearly that the feeding of mineral acids and 
acid salts is followed by an increased excretion of urinary ammonia. 

The balance of acids and bases in the animal organism has a very 
pronounced influence upon the extent of the ammonia output. Experi¬ 
ments have demonstrated conclusively that the acids present in the 
organism cause an increase in the excretion of ammonia, irrespective of 
whether such acids are introduced from without or are formed in the 
processes of intermediary metabolism. These acids have been con¬ 
sidered as neutralizing a part of the ammonia and thus withdrawing it 
from participation in the formation of urea. Walter^ was the first to 
demonstrate that acids possessed this influence. This investigator fed 
hydrochloric acid to dogs and secured an increased output of urinary 
ammonia. Hallervorden,® after ingesting 2.81 grams of hydrochloric 
acid on each of two days, secured an increase in the ammonia output 
aggregating 2.035 grams for a five-day interval. Kowalevsky and 
Salaskin^ fed 6 grams of hydrochloric acid to a fasting goose and increased 
the percentage of the total nitrogen excreted as ammonia nitrogen from 
14.98% to 33.36%. Certain experiments by Eppinger® and Winter- 
berg® indicate that an increased ammonia elimination also follows the 
administration of mineral acids to rabbits. Kettner^ and Pohl and 
Munzer,®on the other hand, failed to obtain such an increase in the case of 
herbivora. 

^ E was receiving 20.4 cc. water per kg. body weight; W was receiving 23.6 cc. 

2 Arch, exp. Path,, 7, 148 (1877). 

^Ihid., 10, 125 (1878). 

* Z, physiol. Ghent., 35, 552 (1902), 

® Z. exp. Path., 3, 530 (1906). 

« Z. physiol. Ghent , 25, 202 (1898). 

Arch. exp. Path., 47, 178 (1907). 

* G. Physiol., 20 , 232 (1906), 
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It has been suggested by Hallervorden^ and Coranda* that man takes 
an intermediate position between carnivora and herbivora so far as the 
intensity of the stimulatory power of ingested acid upon the urinary 
ammonia output is concerned. 

That the daily ammonia output may be taken as an index of the course 
of diabetic acidosis is well recognized. Muller was the first to demon¬ 
strate that a pronounced increase in the ammonia excretion followed 
extensive acidosis.® Cases of diabetes mellitus occasionally excrete from 
7 to 12 grams of ammonia per day, whereas the normal output is ap¬ 
proximately 0.7 gram.^ 

It is, furthermore, a well-known fact in normal nutrition that there is 
an increase in the urinary ammonia output when a high protein diet is 
ingested. This is principally due to the excessive quantity of sulfuric 
acid formed in the oxidation of such a diet. A portion of this ammonia 
may also arise from increased intestinal putrefaction. 

The above citations from normal and pathological metabolism in 
which there is an increased acid production in the body, and the experi¬ 
ments on man and lower animals in which mineral acids have been in¬ 
gested, all indicate that such acid production or ingestion is followed by an 
increased output of ammonia in the urine. Therefore, inasmuch as it has 
been shown by experiment that water stimulates the flow of gastric juice 
and that consequently there is an augmented secretion of acid, we feel 
warranted in advancing the hypothesis that the increased ammonia 
excretion which accompanies the drinking of water at meal time is brought 
about through the stimulatory power of the ingested water. 

In view of the recent claim of Folin and Denis that the ammonia of the 
portal circulation has its origin in large part in putrefactive processes 
taking place in the large intestine, it might be argued that the drinking 
of water has caused increased putrefaction. From this standpoint, then, 
the high ammonia values which the urines in our water experiments possess 
might be considered to be an index of increased intestinal putrefaction. 
Fortunately, however, the course of intestinal putrefaction, in tlie experi¬ 
ments in question, was followed by Hattrem and Hawk.*^ They found 
the output of urinary indican much decreased during the period of water 
drinking. If indican is a true index of intestinal putrefaction we must 
conclude that the high ammonia values occurred coincidently with a de¬ 
creased intestinal putrefaction and that the major part, at least, of the 
ammonia did not have a putrefactive origin. 

^ Arch, exp. Path., 10, 125 (1878). 

^ Ibid., X2, 76 (i88o). 

^ Lusk, J. Am. Med. Assoc., Dec. 17, 1910. 

* Maguus-Levy, v. Noorden*s Handb. d. Path. d. Stoffwechstl, i, p. 115. 

• Hattrem and Hawk, Arch. Ini. Med., 7, 610 (1911). 
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Conclusions. 

The ingestion of water at meal time by two men was accompanied by an 
increase in the excretion of ammonia which was directly proportional to 
the extra volume of water ingested. Inasmuch as certain experiments have 
demonstrated that water stimulates the flow of an acid gastric juice and as 
certain other experiments have demonstrated that the formation of acid 
in the body or the introduction of acid from without produces an increase 
in the urinary ammonia excretion, wc feel justified in assuming that the 
increase in the ammonia excretion observed in our experiments was due 
directly to the stimulation of gastric secretion by the ingested water. 

The uniform relationship between the water ingestion and the ammonia 
output might perhaps be considered as indicating that there was an at¬ 
tempt on the part of the gastric cells to maintain a uniform acid con¬ 
centration. 

If we calculate the increased ammonia excretion, on the basis of a 
100 cc. increase in the water ingestion, we find that the excretion was a 
trifle higher during moderate water drinking than during copious water 
drinking. This would indicate that after a certain limit had been reached 
in water ingestion each succeeding 100 cc. of water was less eflScient as a 
stimulating factor than were the 100 cc. portions ingested before the limit 
above mentioned had been reached. 

That difl’erent organisms may respond differently to identical stimuli 
was indicated by the fact that the increase in the ammonia output of one 
subject was 100% greater than that of the other subject, notwithstanding 
the fact that the increase in the water ingestion was the same in each 
instance. 

That the increase in the ammonia excretion did not arise from intestinal 
putrefaction was indicated by the finding of lowered indican values during 
the period of high water ingestion. 

PHXLADSLPHrA. Pa 


[Contribution prom Stbvens iNSTiTirTE or Technology ] 

A REVIEW OF THE PIONEER WORK ON THE SYNTHESIS OF 

RUBBER.* 

By Francis J. Pond. 

Received November 7, 1913 

At a meeting of the chemical society of Heidelberg on May 19, 1906, 
Prof. E. KnoevenageP presented a paper in which he described twa new 
hydrocarbons, CeHio, belonging to the A^'®-butadiene series. One of 
these hydrocarbons was found to yield a dimolecular polymeride, Ci2H2o, 

1 Read before the New York Section of The American Chemical Society, Oct. 
10, 1913. 

* Z. angew. Chem,, [2] ig, 1330. 
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and it was suggested that its formation was possibly similar to the forma¬ 
tion of dipentene, CioHie, by the polymerization of isoprene, CsHg. 

It was also stated Aat the investigation of these two hydrocarbons 
would be continued, especially to determine whether, by other methods of 
polymerization, it would be possible to prove a relationship between these 
compounds and the rubber group. 

In tlie discussion following the reading of this paper, Prof. A. Klages^ 
stated that he had been occupied for a long time with the study of the 
homologues and analogues of isoprene, and other hydrocarbons of the 
butadiene series. He had found that the members of this group almost 
without exception possess the property of yielding dimolecular com¬ 
pounds when treated with sulfuric acid. 

Professor Klages further stated that he had tested a large number of 
these hydrocarbons, especially with a view to the possibility of converting 
them into rubber-like substances. Notwithstanding the fact that he had 
made many experiments with these hydrocarbons, including isoprene, 
he had never been able to isolate a product having the well-known elastic¬ 
ity and nerve of true rubber, not even from isoprene. Further, the 
hydrocarbons formed from sorbinic acid, according to Doebner, possess 
a structure showing the greatest analogy with 1,5-dimethylcyclooctadiene, 
a substance which Harries describes as the parent hydrocarbon of the 
rubber series; even these hydrocarbons have never been converted into 
rubber-like products. 

Accordingly, Prof. Klages said it was his opinion that the close re¬ 
lationship of isoprene to rubber, which had up to that time been ascribed 
to this hydrocarbon, had no justification; and the statements that isoprene 
can be converted into rubber-like subvStances do not correspond with the 
facts, and it was therefore time to strike such statements out of the litera¬ 
ture. 

On March 12, 1910, in Vienna, Prof. C. Harries^ delivered a lecture 
on the chemistry of rubber. During this lecture he stated that until 
most recent times all experiments on the synthesis of rubber have failed, 
and Klages has declared that, according to his experiences, it is absolutely 
impossible to convert isoprene into rubber. Continuing, Prof. Harries 
stated the following: 

** During the past seven years or so, at different times and with many 
different co-workers, I have repeated the work outlined by Tilden, and 
have never been able to confirm liis results. Also I am advised that the 
same thing has been done by others with tlie same negative results. I 
exhibit here a preparation consisting of isoprene which was saturated 
with hydrochloric acid gas three months ago; aside from some darkening 
in color, it is absolulely unaltered. If isoprene is treated with organic 
acids and is then allowed to stand, there is no appreciable change to be 
observed even after many months; formic acid alone cauwses the isoprene 
to resinify quickly. Therefore, Tilden must have quite accidently hit 
upon certain conditions in his experiments, which caused the polymeriza¬ 
tion of isoprene. But the most important point relative to Tilden's 
work is that he never proved that he actually had rubber in his hands, 
for, as I will illustrate later, isoprene may be converted into all sorts of 

* Z. angew. Chem,, [2] 19, 1330; Gummi-Ztg,, 23 (Sept. 21, 1906), 1277 

* Gutnmi-Ztg,, 24 (March 18, 1910), 851; see also Chent. Ztg., 34, 315, 
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products which might be described as rubber-like, although they really 
have very little to do with rubber. Thus, after long standing in the 
presence of air, isoprene certainly becomes viscous, but this is not caused 
by polymerization; it forms a peroxide which is very explosive when 
heated. Therefore, in view of my own experiences, I was for a long time 
of the same opinion as Klages. 

'*My interest in tliis particular direction was renewed last summer when, 
upon the recommendation of Geh. Rat. Hempel of Dresden, I was asked 
by a large English firm if 1 was in the position to determine for them 
whether a certain sample of a rubber-like product was real rubber. This 
sample was alleged to have been prepared by a process patented in Eng¬ 
land by a Dr. Heinemann, and the process was said to consist in passing 
acetylene, ethylene and methyl chloride simultaneously tlirough a red-hot 
tube. This was alleged to first form isoprene, which was then at once 
polymerized to rubber. I at once determined that the sample in ques¬ 
tion really was a true rubber, but its outward appearance was devilishly 
(verteufelt) similar to that of old para-rubber. I advised the firm that 
the sample in question was actually rubber, but I especially emphavSized 
the fact that before they should take any further steps in the matter, 
they should be absolutely convinced that tlie sample sent to me had 
actually been prepared by Dr. Heinemann's process. For a long time I 
have taken special ])ains to repeat this process, and I know that others 
also have tried to reproduce it; but neither I nor the other chemists have 
been able to confirm in the slightest particular the statements given 
in the English patent. If isoprene and rubber can actually be obtained 
by this process, then there are such special conditions necessar>^ that they 
should have been clearly stated in the patent, and to ’'anyone who re¬ 
discovered these special conditions, I, as a competent judge, would give 
the right to patent them as new in Ck^rmany. As a matter of fact, how¬ 
ever, 1 do not believe that the process works at all; according to our 
practical experiences it is extremely improbable. 

“However, by means of these experiments I came back to isoprene 
and directed my work to new syntheses of isoprene and to its polymeriza¬ 
tion. On the first of November, 1909, Geh. Rat. Duisberg of the Elber- 
feld Farbenfabriken sent me some samples of artificial rubber, which 
were alleged to have been prepared from isoprene by a process invented 
by Dr. Fritz Hofmann; the details of the process, however, were not given 
to me. I was asked to determine whether these samples contained true 
rubber. I was able to determine that these samples were true rubbers 
in every particular, and, tlierefore, artificial rubber was prepared from 
this side for the first time.'* 

On June 17, 1912, Prof. W. H. Perkin, Jr., read a paper^ on “The 
Production and Polymerization of Butadiene, Isoprene, and their Homo- 
logues,** before the London Section of the Society of Chemical Industry. 
I quote the following paragraphs from Prof. Perkin's paper: 

“As regards the history of this synthesis, it seems to me desirable, in 
view of statements which have' been made abroad, to review the work of 
earlier investigators, and particularly that of W. A. Tilden in England, 
and G. Bouchardat in France, in order that I may emphasize the fact, 
1 J, Soc. Chem, Ind», 31, 616. 
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as I particularly wish to do, that much of the credit of the pioneer work 
in this subject belongs to this country and to France. 

‘'It is surprising that Prof. C. Harries should doubt whether Tilden 
really had synthetic rubber in his hands in 1882 and 1884, and should 
advance the view that certain samples produced in 1909 by Bayer & Co., 
of Elberfeld, were the first true samples of synthetic rubber. This criti¬ 
cism is quite beside the mark, and the specimens of crude synthetic rubber 
which Tilden undoubtedly prepared were made many years before Bayer 
& Co. produced rubber by their process.’* 

“It is of very great interest to notice that an Englishman, Greville 
Williams, who, in i860, was the first to isolate isoprene from the products 
of the destructive distillation of rubber in a fairly pure state, was also 
the first to observe the transformation of this hydrocarbon into a rubber- 
like body.” “It is true that this substance, which Greville Williams 
regarded as an oxide, was not at his disposal in sufficient quantity, or 
purity for him to definitely identify it with rubber (which it undoubtedly 
contained), but it is clear from his remarks that he considered that both 
caoutchouc and gutta-percha are polymers of isoprene.” 

“In 1875 G. Bouchardat showed that isoprene is converted by heating 
in a sealed tube into a mixture of polymers, including the indefinite sub¬ 
stance named colophene, which there can be no doubt contained a con¬ 
siderable proportion of rubber.” 

“It is a remarkable tribute to Tilden’s intuition that he should not 
only at this early date (1882) have foreseen the successful production of 
synthetic rubber, but he should also at the same time have suggested 
the correct formula for isoprene.” 

“In 1892 Tilden showed for the first time that synthetic rubber is 
capable of vulcanization and therefore sufficiently resembles natural 
rubber to be used commercially, if some means could be discovered for 
producing it in quantity.” 

“Harries and Klages were tempted, as has already been stated, to 
throw doubt on the validity of Bouchardat’s and Tilden’s polymerisation 
results; this, in .spite of the confirmatory work of many other investiga¬ 
tors on isoprene and its homologues to which I have already alluded. 
But no one who is really conversant with the literature of the subject, 
or who has had the opportunity of inspecting the preparations made by 
Tilden, can, for a moment, doubt that Tilden had polymerized isoprene to 
rubber as far back at least as 1884. And similarly there can be no doubt 
that Bouchardat had synthetic rubber in his hands as far back as 1875.” 

“I wish to emphasize the fact, which on more than one occasion has 
been overlooked, that much of the pioneer work in connection with the 
discovery, production, and with the polymerization of isoprene was 
carried out in this country.” 

On September 9, 1912, Geh. Rat. Dr. Carl Duisberg of Elberfeld, 
Germany delivered his extremely interesting and brilliant address before 
the Eighth International Congress of Applied Chemistry, in New York 
City. The subject of this general lecture was “The Latest Achieve¬ 
ments and Problems of the Chemical Industry,”^ and reprints of this 
lecture were distributed at the time of the address. As I recall it, the 

^ " Transactions and Organization,” Eighth International Congress of Applied Chem¬ 
istry, Vol. 28, pages 50 and 86. 
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address followed almost exactly word for word the text given in the re¬ 
print, and I will quote some paragraphs as given in this reprint: 

Page 29 of reprint. “I will refer to one of the greatest successes and 
yet one of the most difficult problems of the chemical industry, viz,f the 
production of synthetic rubber. I am proud of the fact that its pro¬ 
duction was successfully accomplished in the works which are under my 
management, and that I was able to follow every stage of this important 
discovery. Perhaps you would be interested to hear how the whole 
thing happened, especially as much that is untrue and misleading has 
appeared in the press during the last few weeks.” 

Page 30. “By breaking up the very complex molecule which rubber 
doubtless possesses, by pyrogenetic processes, i. c., by dry distillation, 
a veritable maze of all kinds of gases, oils and resins was obtained, as 
well as a colorless fluid resembling benzine, to which the investigators 
gave the name ‘Isoprene.* It was the French scientist Bouchardat 
who first expressed the belief that this isoprene, which is obtained in very 
small quantities and in an impure form by the dry distillation of caout¬ 
chouc, might be closely and intimately related to caoutchouc itself. This 
important question was then eagerly discussed for several decades by the 
scientists of all countries and opinions were sharply divided. As far back as 
the eighties, the Englishman Tilden claimed to have prepared artificial rubber 
from isoprene by treatment with hydrochloric acid. But neither Tilden 
nor his assistants, though they worked strenuously for years, succeeded 
in repeating the experiments. Moreover, numerous other investigators 
were unable to confirm the results. Dr. Fritz Hofmann of the Farben- 
fabriken vorm. Fried. Bayer & Co. is to be regarded as the real discoverer 
of syntlietic rubber, for, by the application of heat, he succeeded, in 
August, 1909, in polymerizing the isoprene molecules into the complex 
rubber molecule. Somewhat later Harries discovered independently 
another method of arriving at the same result. Everyone is now in a 
position to repeat this exceedingly simple experiment himself, but in 
order to confirm Hofmann’s results, it is necessary to employ pure iso¬ 
prene.” 

I find that this address was changed in certain points before its final 
publication in Volume 2§, of the Transactions of the Eighth International 
Congress of Applied Chemistry. The changes occur in the above quoted 
paragraph commencing with the statement, “Moreover, numerous other 
investigators,” etc. Since these changes are important, I will quote 
this particular part as printed on pages 113 and 114 of Volume 28: 

“Moreover, numerous other investigators, among them our chemists, 
were unable to confirm the results. In 1894 Tilden found, however, 
that that isoprene which he had prepared about ten years before, on 
standing, had partially polymerized into rubber. In this way Tilden 
in fact was the first discoverer of syntlietic rubber. But this method 
which time has not yet permitted to repeat, is obviously not a commercial 
one. Dr, Fritz Hofmann of the Farbenfabriken vorm. Fried. Bayer & 
Co. is to be regarded as the real inventor of synthetic rubber, for, by the 
application of heat, he succeeded as the first in August, 1909, in polym¬ 
erizing the isoprene molecules completely into Sie complex rubber 
molecule on a technical scale.” 

Continuing his address, Geh. Rat. Duisberg said: “Isoprene belongs 
to the butadienes. It was therefore to be assumed at the start that 
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jS-ctiethylbutadiene would not hold a peculiar and isolated position among 
the butadienes in general. It was argued that other members of this 
interesting group of hydrocarbons would yield analogous and homol¬ 
ogous rubbers cm being heated.” ” Exact proof of the existence of the 
class of isomer*c and homologous caoutchouc was also first presented by 
Elberfeld.” 

In a paper’ by Dr. F. M. i^erkin, read before the Royal Society of Arts 
on December 11, 1912, the author referred to the pioneer work on synthetic 
rubber in the following paragraphs: 

“In all probability, Grevillc Williams (in i860) had actually produced 
synthetic rubber.” 

“The first real proof of the polymerisation of isoprene to form rubber 
was by Sir William Tilden in 1882,” 

“It having been shown by Tilden, and confirmed by other workers, 
that isoprene on polymerisation formed rubber, tlie chief efforts of in¬ 
vestigators in the first place were directed to obtain a satisfactory and 
cheap method for tlie preparation of isoprene.” 

“About 1899 or 1900, Kondakow showed that other members of tlie 
isoprene or divinyl series could be polymerised into rubber-like bodies, 
cither by exposure to light, or on keeping, or by means of chemical agents.” 

In a monograph* on ‘The Synthesis of Rubber' by Dr. Rudolf Ditmar, 
published in 1912, the author says: 

“The synthesis of rubber was made possible only by the work of Prof. 
C. Harries explaining the constitution of the rubber molecule. It is 
true that the synthesis of rubber from isoprene was accomplished long 
before Harries' work on the constitution of rubber, but without the 
scientific back-ground furnished by Harries, tliis synthesis by Bouchardat 
would be in a sorrowful position.” “Owing to Harries' work alone, we 
can now say ‘rubber must be prepared from isoprene;' and since the 
publication of Harries' work, the syntheses of rubber have proceeded along 
scientific lines.” 

“By heating isoprene with dilute acids, Bouchardat, in 1879, obtained 
an elastic polymeride, which, after boiling with water, possessed the 
properties of rubber. This first synthesis of rubber by Bouchardat was 
confirmed by W. A. Tilden and O. Wallach. However, the statements 
of these investigators agree tliat it was impossible to determine the ex¬ 
perimental conditions necessary for the synthetical preparation of rubber.'^ 

“The first useful technical method for the synthesis of rubber was 
announced, in a patent by the Farbenfabriken vorm. Friedrich Bayer & 
Co. of Elberfeld under date of September ii, 1909.” 

In a paper dated November 12, 1912, and published in the Annalen^ 
on January 30, 1913, Prof. Harries refutes the claim to priority in the 
field of synthetic rubber advanced by Perkin, Jr. and others. There is 
much in this paper which I shall wish to quote later on, when considering 
details, but there is one portion which I think should be given here. 

Prof. Harries says: “It is only about two years since my last paper^ 

^ ""Natural and Synthetic Rubber,” /. Roy, Soc. Arts, 61, 92, 93, 

2 ""Die Syntliese der Kautschuks/* von Dr. Rudolf Ditmar, pp. 3, 24, 25. 

» Ann., 395, 211 
■* Ibid , 383, 159. 
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on synthetic rubber was published, and this paper has produced a re¬ 
markable literary activity. For 10 years I believed I was working alone 
in the field of rubber chemistry, when all at once I discovered that chemists 
everywhere had been working on the same problems even before my 
work. However, the publication of these various papers first began to 
appear after my lecture in Vienna in 1910, in which I mentioned certain 
eventually successful practical results. But this result of my lecture 
would have been very welcome, had there not appeared less agreeable 
features, which probably never before appeared to such an extent in any 
other field of chemistry; I refer to the introduction of nationalistic motives 
into scientific research, and to the broadcast discussion of questions of 
priority in scientific matters in the daily press, or in certain journals 
which usually are not selected for such discussions. 

“What am I to say, when one may see to-day in any newspaper an 
elaborate account of how Perkin, Jr. has stated in a lecture that English 
chemists discovered sodium-synthetic rubber six months before I did? 
1 certainly cannot enter into a discussion of priority regarding a scientific 
question in the daily press!“ 

''If Russian and English chemists to-day endeavor to especially em¬ 
phasize the priority of the discoveries in the field of rubber chemistry as 
strictly Russian or English, then it appears to me a regrettable departure 
from tlie customs of the Masters of previous generations, who regarded 
science as international.’* 

“On July 15, 1912, W. H. Perkin, Jr. delivered a lectin*e before the 
London Section of the Society of Chemical Industry, the purport of which 
in many of its relations challenges contradiction. The purpose of this 
address is quite apparent, namely, the presentation of tlie discoveries 
in the field of rubber and gutta-percha chemistry as purely English accom¬ 
plishments.” 

“Really, one can only shake his head as Perkin now seeks to interpret 
the old, meager statements of Williams relating to the auto-oxidation 
products of isoprene so that it will appear that Williams really had 
synthetic rubber in his hands.” 

In view of these conflicting statements by Klages, Harries, Perkin, 
Jr., Duisberg, and others, regarding the pioneer work on this subject, 
it has seemed to me desirable to review, in considerable detail the pub¬ 
lished work of tlie earlier investigators. In doing this, I shall quote the 
exact statements given in the literature, and shall try to quote impartially 
and in sufficient detail so that each one may arrive at his own conclusion 
as to the amount of credit due to each of the earlier workers. 

Possibly the first important paper on this subject is "On Isoprene and 
Caoutchine” by the Englishman, C. GreviUe Williams,^ published in 
i860. In this paper Williams describes certain experiments on the dry 
distillation of caoutchouc, in which he obtained traces of volatile bases, 
and two chief distillates, the one boiling between 37® and 44®, the main 
portion of which distilled between 37° and 38°, and the other boiling 
between 170® and 180®. The liquid boiling at 37® to 38® was named 
isoprene, while that boiling between 170® and 180® was termed "caout¬ 
chine.” 

^ Phil. Trans., i860, 245; Proceedings of the Royal Society, 10, 516. 
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Under the heading, ‘"Action of Atmospheric Oxygen on Isoprene/' 
Williams states the following: 

“ If isoprene be left in a partly filled bottle for some months, it gradually 
loses its fluidity, and at last even becomes quite viscid; at the same time 
it is found to have acquired powerful bleaching properties. It is, in fact, 
ozonized/* 

“On submitting ozonized isoprene to distillation, if the temperature 
be kept as low as is compatible with the volatilisation of the unaltered 
portion of the oil, a colorless limpid fluid distils over, having the com¬ 
position and boiling point of pure isoprene. As the operation proceeds 
the fluid thickens, causing the temperature to rise somewhat suddenly. 
/The ozone at this point instantly begins to act with energy, a cloudy 
vapour rises, accompanied by an intensely sharp odour, and the contents 
of the retort instantly solidify to a pure white, spongy, elastic mass, 
having, when successfully prepared, but slight tendency to adhere to the 
fingers. When pure, it is opaque; but if allowed to become exposed to the 
air, especially when warm, it becomes transparent, first on the edges, and 
subsequently throughout the whole mass. When burnt, it exhales the 
peculiar odour hitherto considered characteristic of caoutchouc itself. 
It is not easy to prepare or to preserve this substance of definite composi¬ 
tion. If the heat be allowed to rise too rapidly during its formation, it 
becomes decomposed; and if not heated sufficiently, a portion of the 
original hydrocarbon obstinately adheres. However prepared, its com¬ 
position is that of isoprene plus oxygen. If sufficient care be taken, 
the oxidation is perfectly definite. A specimen prepared with every 
precaution, and immediately analyzed gave 78.8% of carbon, 10.7% of 
hydrogen, and 10.5% of oxygen.*' 

“The above-described substance is, it is believed, unique in its charac¬ 
ters, whetlier we regard its composition as the directly formed oxide of a 
hydrocarbon or the mode of its production by the influence of ozone.*’ 

That Williams regarded caoutchouc as in some way related to isoprene 
and caoutchine (later termed di-isoprene and dipentene), is shown by 
his statement “On the Composition of Caoutchouc;** he says: “I am 
anxious to call attention to the fact that the atomic constitution of caout¬ 
chouc appears to bear some simple relation to the hydrocarbons resulting 
from its decomposition by heat. The composition of caoutchouc coin¬ 
cides with that of isoprene and caoutchine, as found by analysis, to a 
degree which is remarkable when we consider that caoutchouc, in addi¬ 
tion to being non-crystalline, is scarcely capable of purification by chemical 
means.** 

A review of this paper in the “Proceedings of the Royal Society of 
Tondon** for the year i860 states that Williams “considers the action of 
heat on caoutchouc to be merely the disruption of a polymeric body into 
substances having a simple relation to the parent hydrocarbon.** 

Prof. Perkin, Jr., says that this pure white, spongy, elastic mass, de¬ 
scribed by Williams as an oxide of isoprene and not as rubber, undoubtedly 
contained rubber” and Perkin, Jr. evidently seeks confirmation of Wil¬ 
liams’ work in a patent taken out by A. Heinemann of London in 1910. 
This patent^ is on a “Method for the Preparation of Rubber from Iso¬ 
prene,** and it contains the following statements: 

* English Patent, No 14041, 1910; Deutsche Patentanmeldung, H54443, Kl. 

b, June 6, 19 ii 
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*'This discovery .consists in a method for the preparation of rubber 
by the action of ordinary or nascent oxygen, or ozone, on isoprene. A 
special characteristic of this discovery consists in the fact that isoprene 
is first treated with ox3^gen or ozone, and then heated. On heatings 
the isoprene first thickens, and then is changed into a substance, which 
possesvses the properties of natural rubber.” 

Perkin, Jr., says: ‘'this seems to be almost exactly what Greville Wil¬ 
liams had described fifty years before.” 

True; but, in my opinion, this is not sufficient reason for Perkin’s 
assumption that Williapis’ product “undoubtedly contained rubber.” 
I know of no paper by Perkin, Jr. in which he even attempts to prove 
that the method described in Williams’ paper and in Heinemann’s patent 
actually does give “a substance which possesses the properties of natural 
rubber.” It is hardly safe to base one’s conclusions in such a matter 
on the unverified statement, or patent of another person. 

Furthermore, we shall later see where Perkin’s use of another Heine- 
mann patent has apparently led Perkin, Jr. into an error, with the result 
that an injustice was, 1 think unintentionally, committed against the 
chemists of Bayer & Co. 

In his second paper^ on the synthetic rubbers, published on January 
30, 1913, Prof. Harries refers to Williams’ paper and Perkin’s comments 
on it as follows: 

“I have previously pointed out that when isoprene is allow’ed to stand 
for some time in contact with air in closed bottles, it certainly becomes 
viscous; however, this treatment does not form rubber, but rather a 
highly explosive peroxide. If the latter be so heated as to cause an 
explosion, then it is quite true that an odor similar to that of burning 
rubber is observed; but the resulting residue does not contain rubber, 
as Perkin assumes it does. Heinemann’s English patent, which Perkin 
cites to strengthen his claims, does not persuade me to change my views, 
because it is impossible to regard this man’s patent seriously after he 
states that rubber is produced by heating the reaction-product resulting 
from the ozonisation of isoprene.” 

Personally, therefore, I believe it .should be especially emphasized 
that Williams did not say that he prepared rubber, and he certainly gave 
no proof that his product was rubber, and there has been no subsequent 
work published to prove that Williams’ product \vas true rubber. To 
say that his product ''undoubtedly contained rubber,'' is at the present 
time speculation, and w^e have no right to call him the discoverer of synthetic 
rubber. 

The next important work on the .synthesis of rubber to be noted is that 
by the French chemist, G. Bouchardat, published on June 14, 1875, and 
December 29, 1879. Since this work has caused considerable debate, 
I think we should first carefully consider Bouchardat's own w^ords. In 
his first paper,2 published in 1875, “On the S3mthesis of a Terpilene,” 
Bouchardat says: 

“I subjected isoprene, placed in sealed tubes, to a temperature of 280^ 
to 290° for six hours, and excluded the least traces of air in the tubes by 
means of an atmosphere of carbon dioxide gas. 

^ Ann., 395, 217. 

2 Bull. sac. ckim.j 24, 108; Compt. rend., 80, 1446. 
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**No gas was formed during this action. The product which resulted 
by the action of heat is entirely changed in its appearance; it is less fluid, 
viscous; its specific gravity is increased; it no longer boils at a constant 
temperature of 38®. 

“On distillation the product is sseparated into three chief products, 
viz., first, a certain proportion of unaltered, original hydrocarbon; second, 
a hydrocarbon volatile at 170° to 185®; third, products of condensation 
with a higher boiling point; I have studied chiefly the product volatile at 
170° to 185®. The greater part of this distils at 176® to i8i®.“ 

“To sum up, isoprenc, a hydrocarbon containing only 10 equivalents 
of carbon, gives, when condensed or polymerized by the action of heat 
alone, a hydrocarbon containing double the number of carbon atoms, and 
whose derivatives are identical with those of terpilene.'* 

Referring to this paper, Prof. Perkin, Jr. says: • 

“In 1875, G. Bouchardat showed that isoprene is converted by heating 
in a sealed tube into a mixture of polymers of isoprene, viz,, dipentene, 
CioHie, C15H24, etc., including the indefinite substance named colophene, 
which there can be no doubt contained a considerable proportion of rubber,'* 
** There can be no doubt that Bouchardat had synthetic rubber in his hands 
as far back as 1875." 

In my opinion, there is no justification in Bouchardat’s words for sucli 
a statement. He most certainly does not mention that his higher boiling 
product (colophene) contained a trace of rubber, not to mention “a con¬ 
siderable proportion," 

In the light of Bayer & Co.'s patents of 1909, describing the formation 
of synthetic rubber by heating synthetic isoprene in sealed vessels at 
100° to 200°, it is easy to imagine that Bouchardat might have obtained 
rubber in 1875 if he had used isoprene o. equal purity, and had observed 
the same conditions of temperatures, etc., which these investigators did 
some 34 years later. But after reading Bouchardat's paper, there seems 
to me no reason for believing that he had synthetic rubber in his hands in 

1875- 

Bouchardat’s second paper,^ published in 1879, is on “The Action of 
the Halogen Acids on Isoprene, and The Re^oduction of Rubber." I 
quote from this paper the following: 

“When dry hydrochloric acid gas is passed slowly through isoprene 
cooled to o®, it is partially and slowly absorbed, and yields a mobile 
liquid, having a brown color. When the product is distilled, it yields some 
unchanged hydrocarbon, and isoprene mono-hydrochloride, boiling at 

86® to 91 ^ 

“Under the conditions, viz., three hours of action, the formation of an 
appreciable quantity of a substance having a higher boiling point is not 
observed." 

“Hydrochloric acid, in a solution saturated at 0°, acts differently upon 
isoprene than does the dry gas. One part of isoprene was treated in the 
cold in a sealed vessel with 12 to 15 parts of the acid. A vigorous re¬ 
action, indicated by a notable rise in the temperature of the mixture, 
took place immediately upon agitation; the whole was left at the room 
temperature for 15 to 20 days, agitating only from time to time. The 
contents of the tube were then added to water and submitted to distUla- 
^ Compt. rend., 89, 1117, 1118, 1119. 
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tion as long as oily drops were obtained. There remained, with the ex¬ 
cess of add water, a solid residue in notable proportions. 

‘‘The volatile products resulting from the distillation included no un¬ 
changed hydrocarbon; it yielded one-lifth of its volume of a substance 
boiling at 85° to 91°, the remainder boiling at 145to 153®. There was 
no substance boiling at a higher temperature. 

“The first substance possessed the composition and properties of 
isoprene mono-hydrochloride, CioHsIICl. 

“The second product, boiling at 145® to 153®, possessed the composi¬ 
tion of a dihydrochloride of isoprene, C10II8.2HCI. 

“The last product of the action of the acid upon isoprene is non-volatile 
(fixed). After this substance is treated for a long time with boiling 
water in order to free it from chlorine-containing substances, which 
accompany it, and which it obstinately retains, it has the percentage 
composition of isoprene. It contains little more than one part per hundred 
of chlorine, which may be due to the fact that it retains some of the volatile 
chlorinated compounds, or it may be due to the fact that the compound 
itself combines partially with hydrochloric gas (C = 87.1; II == 11.7; 
Cl 1.7). h'^urthermorc, it possesses the elasticit}" and other charac¬ 
teristics of rubber itself. 11 is insoluble in alcohol; it swells up in ether, 
also in carbon disulfide in which it dissolves in the manner of natmal 
rubber. When the product is submitted to dry^ di.stillation, it forms the 
same volatile hydrocarbons as rubber; I have isolated from these distilla¬ 
tion products a certain quantity of a hydrocarbon, C2 oHig, which, w^hen 
treated wdth hydrochloric acid, gave me the dihydrochloridc, C20H16.2IICI, 
melting at +46°, the same as the dihydrochloride from caoutchouc. 
This fact constitutes a new method for the synthesis of terpilene (‘di- 
pentene’) and of its derivatives, w^hich w^as previously obtained only 
by the action of heat on isoprene. All of these properties appear to 
identify this polymer of isoprene witli the substance from which isoprene 
is formed, namely, rubber. The quantity formed is notable and equals 
pOvSsibly one-sixth of the isoprene used.” 

There is, therefore, no doubt that Bouchardat actually claimed he had 
prepared an impure synthetic rubber in 1879, and it has frequently been 
stated that he was the discoverer of synthetic rubber. 

It is to be remembered, however, that he obtained his isoprene by the 
dry distillation of natural rubber itself. 

In June, 1911, Prof. Harries^ made the following comment upon this 
work of Bouchardat: 

“It was a bold idea of Boucliardat to directly connect isoprene w'ith 
rubber, notwithstanding the fact that the dry distillation of rubber yields 
only extremely small amoimts of isoprene.” “I have ascertained piat 
only 35 grams of the isoprene fraction, boiling at 33to is obtained 
from 1V2 kilograms of good rubber.”^ “I also regard it wortliy of note 
that Bouchardat applied the term rubber to the mass resulting by the 
polymerization of isoprene, although he was deficient in practically all 
means of provi:^ this statement experimentally. His experiments, as 
well as those of Tilden, have remained extremely incomplete.” 

However, I think it should be pointed out that Bouchardat gave an 
^ Ann.y 383,184. 

2 Gummi-Ztg.t 24, 853 (March 18, 1910). 
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analysis of his product, stated that its elasticity and other properties 
were similar to those of rubber, mentioned its insolubility in alcohol, 
its behavior with ether, and its solubility in carbon disulfide as similar 
to that of natural rubber; and then he claimed to have submitted his 
product to dry distillation, and obtained the same volatile hydrocarbons 
as he had previously obtained from natural rubber. 

In 1910 and 1911, Prof. Harries made use of the tetrabromides, the 
nitrosities and the ozonides as a means of identifying a sample of rubber. 
In 1912 and 1913, he finds that these tests are no longer suitable for the 
identification and comparison of the various rubbers, and he now says 
that the best method appears to be that of measuring the velocity of 
decomposition of the diozonides and dioxozonides with water, and the 
quantitative estimation of the decomposition products. In 1879, 
Bouchardat had naturally never heard of these tests for rubber, and we can 
hardly blame him for not employing them. He claimed to have used 
many of the best tests known at that time, and said he had synthetically 
prepared an impure rubber. 

However, it it quite possible that Bouchardat was mistaken, and that 
the product which he claimed he had proved to be rubber, really should 
not be termed rubber at all. 

Prof. Perkin, Jr. maintains that Bouchardat’s product was an impure, 
but nevertheless a true rubber. However, Perkin, Jr. apparently relies 
wholly on Bouchardat’s published work and its subsequent confirmation 
by Tilden. To the best of my knowledge, Perkin, Jr. has never stated 
that he has repeated Bouchardat’s work and obtained true rubber by this 
method. 

On the other hand, Prof. Harries maintains that he has been unable 
to confirm Bouchardat’s work. In his paper' published on January 30, 
1913, Harries says: 

'‘Perkin again returns to the experiments of Bouchardat and Tilden, 
who claimed to have polymerized isoprene to rubber by means of hydro¬ 
chloric acid gas, and he explains, contrary to my statements, that the 
observations of these investigators are undoubtedly correct. 

"On different occasions I have pointed out that Bouchardat and Tilden, 
if they really did obtain rubber, must have accomplished this result 
purely by accident; for a large number of chemists have found it impossible 
to rediscover the conditions needed for the successful performance of this 
experiment. To those who are familiar with the property of rubber of 
energetically absorbing hydrochloric acid gas, the possibility of forming 
pure rubber by action of hydrochloric acid gas upon isoprene seems almost 
excluded; and further it would be impossible to manufacture a technically 
useful rubber by this method, because rubber containing hydrochloric 
acid is crisp or friable,’’ 

"Aside from this, I have in the past made numerous experiments in the 
attem^ to polymerize isoprene to rubber by means of hydrochloric acid 
gas. The chief products of this reaction are always the chlorhydrines of 
isoprene. After the removal of these chlorhydrines by distillation with 
steam or by distillation in vacuum, there certainly remains a brown, 
tough residue. But this residue is for the most part soluble in alcohol, 
and the most important point is that when this residue is ozonized it 

^ Ann,, 395, 2i8 
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never gives a test for levulinic aldehyde. I cannot relinquish the re- 
quirement that a product which is to be designated as true rubber, should 
at least be able to yield this qualitative test. 

'‘If Mr. Perkin, Jr. is so much interested in the synthetic preparation 
of rubber by means of the action of hydrochloric acid gas on isoprene, 
I beg that he himself try at least once to rediscover the experimental 
conditions which were hidden by Bouchardat and Tilden. If then, Perkin 
can so describe the reaction that it may be successfully repeated every 
time, I will admit without reservation the priority^ of Bouchardat and 
Tilden. At the present time I am not in a position to do so, although I 
appreciate thoroughly the work of these investigators, in so far as I rec¬ 
ognize that they gave the hint or suggestion for the later results of Hof¬ 
mann and myself.*' 

This, at first, did not appear as convincing to me as it might, because 
every time Prof. Harries mentions this experiment, he speaks of acting 
upon isoprene with ''Salzsaure^as*' contrary to Bouchardat’s description. 
Bouchardat never claimed to have prepared his rubber by the action of 
dry hydrochloric acid gas on isoprene; in fact he specifically says that this 
action does not yield rubber; he did use a solution of hydrochloric acid, 
made by saturating water at o® with hydrogen chloride gas, and he states 
that this concentrated solution of hydrochloric acid acts differently upon 
isoprene than does dry hydrogen chloride gas. 

Through the kindness of Mr. F. G. Achelis of The American Hard 
Rubber Co., I have been able to repeat this experiment described by 
Bouchardat. Mr. Achelis very generously supplied me with a suitable 
quantity of carefully washed and dried fine para rubber which was sub¬ 
mitted to a dry distillation. The crude distillate has a rather disagree¬ 
able odor, due to the presence of certain volatile bases, which were re¬ 
moved by agitation of the oil with very dilute sulfuric acid, and then 
with water; the resulting oil was subsequently dried, and finally .separated 
by repeated fractional distillation into several portions, the portion in 
which we are especially interested boiling at 33® to 60®. By careful and 
repeated rectifications over sodium, this was then separated into a chief 
fraction, boiling at 33° to 38®. From 7300 grams of the para rubber, I 
obtained 176 grams of this isoprene fraction. This fraction is, of course, 
an impure isoprene, pure isoprene,- regenerated from its dibromide by 
treatment with zinc dust, boiling at 33.5®. 

Three portions of 25 grams each of this isoprene fraction were then 
treated in the cold in sealed pressure bottles with 300, 337.5 and 375 
^ams, respectively, of a solution of hydrochloric acid saturated at 0°. 
After agitation, they were allowed to remain at room temperature, one 
for 15 days, another for 17V2 days, and the third for 20 days, thus corre¬ 
sponding with Bouchardat's directions, which state that “one part of 
isoprene was treated in the cold in a sealed vessel with 12 to 15 parts 
•of the acid, and after agitation the whole was left at the room temperature 
for 15 to 20 days.” No rise in temperature of the mixture, as noted by 
Bouchardat, was observed upon the first agitation. What might be 
termed a vigorous reaction took place immediately upon agitation, but 

^ See article by Harries in Gtmmi-Ztg., 26, 1408 (June 1912). 

* Mokiewsky. J. Rtm. Phys. Ghent. Soc., 30, 885; 32, 207. 
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this seemed to me due to rapid evolution of some of the hydrochloric acid 
gas from the saturated solution. 

At the end of the reaction period, the contents of the bottles were add^ 
to water and submitted to distillation as long as oily drops were obtained. 
There remained, with the excess of acid water, only an extremely smajl, 
black, tarry residue, which was about as much as one would expect in a 
steam distillation of any impure oil. 

This material was insoluble in alcohol, but readily soluble in ether. 
It might possibly be termed elastic, but would certainly f7oi be called 
rubber, and it really is only a very inconsiderable residue. The volatile 
products resulting from the distillation were isoprene mono-hydrochloijide 
and dihydrochloride, and these are certainly the only real products whjjch 
I obtained by the method described by Bouchardat. 

Accordingly, I can only say that I failed to successfully repeat 
Bouchardat's experiment, although I used every precaution to most care¬ 
fully follow his directions. Personally, therefore, I believe that Prof. 
Harries and the chemists of Bayer & Co. are quite correct in maintainitg 
that Bouchardat’s priority can only be admitted with the reservation 
that no one since Bouchardat and Tilden has been able to successfully 
repeat this synthesis, and that it is really important for Prof. Perkin, 
Jr. or some one else to so describe Bouchardat’s experiment that it may be 
readily and successfully repeated without involving a large amount of 
research. 

In this connection it should be mentioned that Kondakow has offered 
a possible explanation of these contradictatory results of the* various 
investigators on the Bouchardat synthesis. Kondakow suggests that 
those chemists who have been unable to confirm Bouchardat’s work have 
used freshly distilled isoprene (and that is certainly true in my own work), 
and that such isoprene does not give rubber when treated with hydro¬ 
chloric acid. On the other hand, Bouchardat and Tilden, who claimed 
to have obtained rubber by treating isoprene with hydrochloric acid, 
may have used an isoprene which had stood for a long time in the light, 
and therefore contained more or less of rubber or rubber-like substance 
dissolved in it. On treating this solution of rubber or a rubber-like sub¬ 
stance in isoprene with hydrochloric acid, Bouchardat and Tilden separated 
the rubber-like substance, and supposed that it had resulted from the action 
of the hydrochloric acid on the isoprene, whereas as a matter of fact it 
had been formed by the spontaneous polymerization of the isoprene on 
standing, before hydrochloric acid was added. Later work by Tilden, 
Weber, Wallach, and Pickles shows that isoprene on standing is converted 
slowly (nine months to eight years) into a rubber or rubber-like sub¬ 
stance. 

If this explanation should prove to be correct, then it might be argued 
that anyone from Williams in i860 to the present time, who had made 
isoprene and allowed it to stand for some time, had imconsciously per¬ 
formed a s^thesis of rubber or rubber-like substance, and the latter 
remained dissolved and unnoticed in the isoprene. Such an assumption 
might seem to warrant Prof. Perkin, Jr.’s statements that Williams* 
(i860) product "'undoubtedly contained rubber that Bouchardat’s prod¬ 
uct in 1875 ‘‘contained a considerable proportion of rubber,” and that 
Tilden’s product made in 1884 by the action of cold acids on colophene^ 
which resulted by the heating of isoprene at 250® to 280® for twelve hours^ 
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contained rubberi Such an assumption, however, seems to me rather 
we^ to base such positive statements upon, and is in reality '‘quite 
beside the mark.*' 

The next work on synthetic rubber to be considered is that by Tilden, 
and around this has been waged a rather strenuous debate relative to the 
amount of credit due to Tilden as a discoverer of synthetic rubber, and 
as to how far his work anticipated the more recent developments, espe¬ 
cially the work of Prof. Harries and of Bayer & Co. 

In 1882, Prof. Tilden^ presented a paper to the Southampton meeting 
of the British Association, on “Hydrocarbons of Formula (CbH 8)«.’* 
He states: 

“Isoprene is said to boil at 37° to 38®, though, according to my own 
observations, its boiling point is about 3° lower.” 

“Isoprene presents two characters which distinguish it from the ter- 
penes. (Jne is the peculiar explosive property of the white syrupy sub¬ 
stance, which results from its oxidation by air. The other peculiarity—its 
conversion into true india-rubber or caoutchouc when brought into con¬ 
tact with certain chemical agents, for example, strong aqueous hydro¬ 
chloric acid as noted by Bouchardat, or nitrosyl-chloride as observed by 
myself. It is this character of isoprene which gives it a somewhat prac¬ 
tical interest, for if it were possible to obtain this hydrocarbon from some 
other and more accessible source, the synthetical production of india- 
rubber could be accomplished.” 

“When turpentine is passed through a red-hot iron tube and the prod¬ 
uct fractionally distilled, a small quantity of a liquid is actually obtained, 
having the same composition and some of the properties of isoprene. 
It boils at about 37®. By the action of concentrated hydrochloric acid 
it yields a tough substance closely resembling caoutchouc. The small 
quantity at present in my possession does not enable me to pronounce 
positively that this liquid is isoprene, but it seems very probable. A 
liter of turpentine gave about 20 cc. of the fraction from 37*^ to 40*^, or 
thereabouts. I am engaged in the preparation of a larger quantity, 
and in the investigation of the somewhat complex series of hydrocarbons 
which are formed at the same time.” 

“I incline to tlie belief that it (isoprene) is i3-methylcrotonylene.” 

The new facts annoimced in this paper are: (i) Isoprene boils at 
34° to 35®. (2) By suitable treatment of turpentine, a 2% yield of a 

liquid resembling isoprene is obtained. (3) Tilden claims to have pre¬ 
pared true india-rubber by the action of nitrosyl-chloride on isoprene; 
but no details are given by means of which another chemist could readily 
confirm his results, and no analyses or properties of the product are men¬ 
tioned, which would indicate to one reading the paper that this product 
really was a true rubber. To the best of my knowledge no other in¬ 
vestigator has since confirmed this work, and I tliink that confirmation 
is desirable and necessary before we can accept it as a scientific fact that 
irue rubber is made by acting on isoprene with nitrosyl-chloride. (4) 
Tilden claims to have prepared “a tough substance closely resembling 
rubber by the action of concentrated hydrochloric acid’* upon synthetic 
isoprene. This is apparently a confirmation and development of Bouch^- 
<dat*s work, inasmuch as the latter used isoprene made from rubber it- 
^ Chem. News, 46, 220. 
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self, while Tilden used isoprene made from turpentine. No description 
of the process or properties of the product are given, hence it is impossible 
for a reader of the paper to say definitely that Tilden's product was real 
synthetic rubber. 

Prof. Perkin, Jr., characterizes the above paper as “a remarkable tribute 
to Tilden’s intuition that he should not only at this early date have fore¬ 
seen the successful production of synthetic rubber, but he should also, 
at the same time, have suggested the correct formula for isoprene.” 

In 1884, Prof. Tilden published a paper^ “On the Decomposition of 
Terpenes by Heat.” lie states: 

“The following is a summary of the results of the examination of the 
products of the action of heat upon ordinary turpentine oil. 4000 cc- 
turpentine oil gave 380 cc. of a fraction boiling at 20^ to 70®, which yielded 
about 200 cc. nearly pure pentine.” “This liquid boils between 33® and 
37®, and smells like isoprene, the pentine from india-rubber.” “The 
formula, CbHs, is adopted for this liquid for reasons given hereafter, 
notwithstanding that the analytical numbers agree with the calculated 
percentages less closely than could be desired.” “Conclusive proof of 
its composition was obtained by an examination of the polymerisation 
of this hydrocarbon by heat. A quantity of the fraction 33-35° was 
sealed up in tubes and heated at 250-280° for about twelve hours. No 
gas was evolved, but the liquid acquired a slight fluorescence. When 
submitted to distillation, a quantity of hydrocarbon apparently un¬ 
altered was recovered, but about half the volume distilled between 176° 
and 180°, while a small quantity of pale viscid colophene remained be¬ 
hind.” The liquid boiling at 170° to 180° is shown to be dipentene, 
and is identical with the compounds previously described as diisoprene 
and terpilene. 

“In all probability, also, the pentine from turpentine is identical with 
isoprene. I have carefully compared them together, and cannot ob¬ 
serve any essential difference between them.” “Both hydrocarbons 
absorb hydrochloric acid gas eagerly, giving a mixture of monochloride 
and dichloride.” 

“Bouchardat mentions that the action of concentrated hydrochloric 
acid upon isoprene converts a portion of the hydrocarbon into caout¬ 
chouc. This substance is also formed from the turpentine hydrocarbon. 
It appears to be produced most readily from the oily polymeride, re¬ 
sulting from the action of heat. Contact with strong acids in the cold 
effects the change.” “The pentine obtained from the terpenes is identical 
with isoprene. This pentine is readily polymerised by heat into ter¬ 
pilene, 2C6H8 = CioHifi.” 

An analysis of this paper shows the following facts: 

(i) Turpentine is “cracked” into isoprene by the action of heat, the 
yield of nearly pure isoprene being about 5% of the volume of turpentine 
employed. (2) Caoutchouc is said to be formed from this isoprene ob¬ 
tained from turpentine (presumably by the action of concentrated hydro¬ 
chloric acid upon the isoprene). (3) No analysis or description or prop¬ 
erties of this alleged caoutchouc are given. (4) The formation of this 
caoutchouc was one of the methods used to prove that the isoprene from 
turpientine was identical with the isoprene formed by the dry distillation 

^ J. Chem. Soc, {London), 45, 410. 
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of rubber. (5) When this isoprene obtained from turpentine is heated 
in sealed tubes for 12 hours at 250® to 280®, about one-half of it is con¬ 
verted into terpilenc or dipentene, a small quantity is polymerized to 
“pale viscid colophene,” and the*** remainder is unaltered. (6) Tilden 
claims that rubber “appears to be produced most readily from the 'oily 
polymeride/ resulting from the action of heat on isoprene. Contact 
with strong acids in the cold effects the change.“ 

What does l^ilden mean by this “oily polymeride?“ Certainly not the 
unchanged isoprene, hardly the dipentinc boiling at 170® to 180®, and 
therefore it must be the "pale viscid colophcne/' Accordingly, Tilden 
claims to have synthetically prepared rubber by brinjging colophene in 
contaci with strong acids in the cold. It seems almost impossible. How¬ 
ever, we must bear in mind that Prof. Perkin, Jr. says there is no doubt 
that the colophene made by Bouchardat in 1875 by heating isoprene 
in sealed tubes at 280 2^0® “contained a considerable proportion of 
rubl er,“ and therefore Tilden’s colophene made in a similar manner 
might be expected to contain rubber, even before it came in contact with 
cold acids. Moreover, in referring to this paper, Prof. Perkin, Jr. says: 

“In confirmation of Tilden’s results, Lilley, by heating isoprene, re¬ 
cently obtained a body which he called ‘mesoprene' (clearly Tilden’s 
'oily polymer’), and showed that tliis may be converted into rubber 
by the action of acid or other agents.” And again Perkin remarks: 

“On December 14, 1909, G. Lilley, working in England, took out the 
patent^ to which 1 have already referred for making ‘mesoprene" by the 
action of heat on isoprene, and then acting upon the oily polymeride thus 
formed, with acids, etc. We have seen samples of the rubber made in 
this way and their formation by this process completely vindicates Tilden’s 
early statements, if such vindication were necessary.” 

The Lilley patent, cited by Perkin, Jr. in confirmation and vindication 
of Tilden’s statement, is on “The Production of Synthetic India-Rubber 
or Rubber-like Material.” It states: 

“ ‘Mesoprene’ is the name given to a product obtained by heating the 
‘basic principle of india-rubber’ or a body containing the same at a tem¬ 
perature below 200® under pressure, either alone or in presence of some 
added substance or substances, such as (i) mesoprene, (2) alcohol, or 
other rubber preeijntant, (3) a liquid hydrocarbon mixture, obtained as a 
by-product in the production of mesoprene, (4) an acid. The ‘basic 
principle’ may be treated with air or oxygen before subjecting it to the 
action of heat. Any unconverted substance is removed by distillation, 
tlie residue in the still constituting mesoprene, wdiic'h is free from water 
by drying in vacuo at ,100®. The distillate, or a portion of it, con¬ 
stitutes the liquid fiydrocarbon mixture referred to under (3) above. 
The ‘ basic principle of india-rubber ’ is obtained by subjecting the vapour 
of turpentine or a selected fraction or fractions of the distillates from the 
crude turpentine exudation to a temperature of about 500-600®, 
condensing the products and separating tlie more volatile constituents by 
fractionation, preferably selecting the portions distilling below 90®, 
in which isoprene and other hydrocarbons suitable for the purpose of th^ 
invention are present. 

^ Kng. Patent, 29,277. Date of application Dec. 14, 1909; accepted Mar. 14,1911; 
/. Soc. Chem. Ind., 30, 561; C. A., 5, 3173 (1911)- 
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“The synthetic india-rubber, or rubber-like body, is produced by heat¬ 
ing ‘mesoprene,* prepared as above described, either alone, or by floating 
it on water heated to ioo°, or in the presence of sulfuric acid or its 
decomposition products, or hydrochloric acid, or sulfur dioxide which may 
be passed through the dry heated mesoprene.” 

This is a very interesting patent in some respects, but I still fail to see 
how it vindicates or confirms Tilden’s statement that ''contact with strong 
acids in the cold effects the change** of colophene (made by heating ivsoprene 
at 250-280°) into rubber. Kor so-called “mevSoprene,” made by heating 
oxidized or ozonized isoprene and other hydrocarbons suitable for the purpose 
at a temperature below 200^, with alcohol and an acid, is not necessarily 
the same as colophene made by heating isoprene alone at a temperature 
of 2*50° to 280°. 

Therefore, 1 believe Tilden’s statement—that the contact of pale, 
viscid colophene with strong acids in the cold, produces rubber—needs 
accurate confirmation. As a matter of fact, later statements^ made by 
Tilden in 1906 and 1908 show that when he tried to make rubber from 
isoprene “by heat or contact with strong reagents, the greater part of 
the t|jj;;|drocarbon is converted into dipentene and the mixture of viscid 
comi^nds of high boiling point known as colophene, which results from 
the p^ymerisation of the terpenes.'* There is no intimation that the 
stron^eagents then converted this colophene into rubber. 

In this connection, and bearing direct testimony upon the question 
as to whether colophene does or does not contain rubber, it is interesting 
to again quote from Harries' recent paper.^ He says: 

“While engaged with the problem of the conversion of isoprene into 
rubber, I made many experiments to bring about the polymerisation of 
this hydrocarbon by means of catalytic agents. The resjulting product 
was then always at first ozonized to see whether it gave the pyrrol test, 
the results showed that most of the oils and resins (colophene), which 
were obtained, did not give this test, and therefore had nothing to do 
with rubber." 

Again referring to this paper by Tilden, Prof. Perkin, Jr. says: “This 
paper is of special interest since we have here the first possibility of the 
commercial manufacture of rubber." 

In 1908, Tilden is reported as saying, relative to the commercial manu¬ 
facture of rubber from isoprene made from turpentine: 

“If isoprene were obtainable at a low cost from other sources, it might 
be found possible to utilize the hydrochloric acid process, though T doubt 
it." 

And again on December ii, 1912, in the discussion^of Dr. F. M. Perkin’s 
lecture. Sir William Tilden said: 

“The key to synthetic rubber was provided by the discovery made by 
Dr. Matthews, of the remarkable action of the metal sodium. Without 
some such method for rapidly producing polymerisation it would be 
impracticable with the amount of isoprene, or other hydrocarbon, to 
,^come within measurable distance of producing rubber for practical pur¬ 
poses." 

* Report of the British Association for the Advancement of Science, 1906, York. 
Transactions of Section B, page 525. 

^ Antt,, 395, 220. 
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In his second paper^ **On the Terpenes,** dated December 19, 1884, 
Wallach refers to the heat polymerisation of the isoprene obtained by the 
dry distillation of rubber, witli thes^ words: 

“Isoprene has recently been investigated by Bouchardat and Tilden 
with very interesting results. Both agree that on heating, isoprene is 
polymerized to a hydrocarbon, CioIIie, which is identical with caout- 
chine. / can confirm these statements in every respect. 

“When isoprene is heated for some hours at 250° to 270°, there is 
formed, together with high boiling polymerization-products, a hydro¬ 
carbon boiling at j8o°, which has been identified by its tetrabromide as 
caoutchouc or di-isoprene, and this is identical with cinene.“ 

In 1886 Wallach- tried various methods for the polymerisation of the 
isoprene obtained by the distillation of rubber. lie mentions incidentally: 

“When isoprene is placed in sealed tubes and is exposed to the action 
of light for a long time, a product is formed which, when treated with 
alcohol, forms a tough mass, resemUing rubber; this material became 
more or less hard on exposure to air.“ 

Nothing more is said about this product. 

On May 18, 1892, Prof. Tilden read a paper^ before the Philosophical 
Society of Birmingham on “The Spontaneous Conversion of Isoprene 
into Caoutchouc.” I quote the following from this paper: 

“Bouchardat observed that when isoprene is heated to a temperature 
near 300°, it gradually polymerises into a terpene which he called di- 
isoprene, but which is now usually called dipentene. This compound 
boils at 176°. A quantity of colophene similar to that which is pro¬ 
duced by the action of heat upon turpentine is formed at the same time^ 
“Wlien isoprene is brought into contact with strong acids, aqueous 
hydrochloric acid for example, it is converted into a tough elastic solid, 
which has been examined by G. Bouchardat and by myself; it appears 
to be true india-rubber. 

“vSpecimens of isoprene were made from .several terpenes in the course 
of my work on those compounds, and some of them I have preserved. 
I was surprivsed a few weeks ago at finding the contents of the bottles 
containing isoprene from turpentine entirely changed in appeturancc. 
In place of a limpid colourless liquid the bottle contained a dense syrup, 
in which was floating several large masses of solid of a yellowish colour. 
Upon examination this turned out to be india-rubber. The change of 
isoprene by spontaneous polymeri.sation has not to my knowledge been 
observed before. I can only account for it by the hypothesis that a small 
quantity of acetic or formic acid had been produced by the oxidising 
action of the air, and that the presence of this compound had been the 
means of transforming the rest. The liquid w^as acid to test paper, and 
yielded a small portion of unchanged isoprene, 

“Synthetic' india-rubber, like natural rubber appears to consist of 
two substances, one of which is more soluble in benzene or in carbon 
bisulphide than the other. A solution of the artificial rubber in benzene 
leaves on evaporation a residue which agrees in all characters with a 
similar preparation from para rubber. The artificial rubber unites wdth 

* Ann., 227, 295. 

2 Ibid., 238, 88. 

s Chem. News, 65, 265 (1892). 
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sulphur in the same way as ordinary rubber, forming a tough elastic 
compound. 

“The constitutional formula of isoprene is not known with certainty, 
but it must be selected from the live following formulae/' Three of these 
formulas represent derivatives of allenc, and two are derived from 
crotonylene. 

“It is obvious that compounds such as these containing doubly-linked 
carbon may polymerise in a variety of ways, and in the present condi¬ 
tion of our knowledge of the constitution, even, of isoprene, it would be 
idle to speculate as to which one of the numerous possible arrangements 
would correspond to the constitution of caoutchouc." 

The important facts presented in this paper are: (i) Heat polym¬ 
erizes isoprene to dii)entene and colophene, the latter being vsimilar to 
that formed by the action of heat on turpentine. (2) Tildcn confirms 
Bouchardat's work on the conversion of isoprene into a tough elastic 
solid, which appeared to be true india-rubber, by the action of aqueous 
hydrochloric acid; no description of the product is given. (3) The 
spontaneous polymerization of isoprene into rubber or a rubber-like 
substance in the course of eight years is noted. (4) Some properties 
of this synthetic rubber are given, such as its solubility in benzene and 
carbon disulfide, its color, elasticity, and the fact, that it combines with 
sulfur like natural rubber. This is noteworthy, because in his papers 
on the polymerization of isoprene to rubber-like substances, Tilden rarely 
gives much information regarding the properties of his products. 

This important discovery by Tilden of the spontaneous polymerization 
of isoprene to rubber, or a rubber-like substance, was soon corroborated 
by Dr. C. O. Weber, and some eighteen years later was confirmed by S. 
S. Pickles. Therefore, to Tilden belongs the entire credit of having pre¬ 
pared rubber, or a product closely resembling rubber, for the first time, 
by the slow spontaneous polymerization of synthetic isoprene, and he 
apparently had synthetic rubber, or something very similar to it, in his 
hands as early as 1892. 

Regarding Tilden's previous work on rubber, I think we shall have to 
agree with Prof. Harries when he remarks that Tilden’s experiments on 
rubber were certainly extremely incomplete, 

A paper^ of interest and importance in this case, and one which bears 
direct testimony regarding Tilden's synthesis of rubber in 1892 by the 
slow polymerization of isoprene, was read by C. O. Weber before the 
‘Manchester Section of the Society of Chemical Industry, on January 5, 
1894. 

I quote the following from this paper: 

“Tilden obtained isoprene by distilling turpentine through porcelain 
tubes at a dull red heat, and discovered subsequently that this compound, 
on standing, spontaneously polymerises into india-rubber. T am in a 
position to confirm this observation with respect to isoprene obtained 
from india-rubber by dry distillation. About 300 grams of this substance 
were found after nine months' standing to be converted into a very viscid, 
treacly, mass, from which by treatment with methyl alcohol, a solid spongy 
substance of almost white colour could be separated. This substance, 
after drying, was of a light brown color, and in all respects identical with 
^ J. Soc. Chem. Ind., X3, ii (1894). 
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india-rubber. The weight of india-rubber thus obtained was 211 grams. 

“Whether in the future we shall succeed to manufacture india-rubber 
artificially by means of isoprene appears very doubtful as yet. The 
manufacture of cheap isoprene is certainly an exceedingly difficult task 
to start with, and on the other hand we have not succeeded so far to com¬ 
pletely polymerise it into india-rubber. The by-products of this polym¬ 
erisation consist of dipentene and polytcrpencs, which will always remain 
comparatively worthless, there being any amount of chea]) natural ter- 
penes. At the present time the constitution of isoprene itself is very 
doubtful.” 

Regarding the constitution of rubber, Weber says: 

“All these condensation products of isoprene are terpenes or poly- 
terpenes, and the fact that the results of the analysis of india-rubber 
lead to the empirical formula, CioHie. which is that of the terpenes, might 
induce us to pronounce also india-rubber a terpene, or possibly a poly- 
terpene (C]()Hn,)„. What we know with certainty is the formation of 
india-rubber from isoprene by polymerization, and we further know that 
the molecular weight of it is much higher than Tinder these 

circumstances it appears very much preferable to describe india-rubber 
as a polyprene 

In this paper, Weber gives the yield of his product, stating that he 
obtained a little more than two-thirds of the weight of the isoprene used. 
He also gives the time required to accomplish the spontaneous polymeriza¬ 
tion of isoprene to his rubber, viz., nine months; this seems like an ex¬ 
tremely short time, for the testimony of other investigators is that it 
requires several years to accomplish this spontaneous change. Thus, 
judging by the dates of 'J'ilden's papers, he found the change to have 
taken place after seven or eight years. In a more recent article. Pickles 
states that when isoprene is allowed to stand for 3V2 years it is only in¬ 
completely converted into an immature rubber. Hence, Weber must 
have happened upon conditions which were not met with by the others. 

Unfortunately, Weber gives no analyses or specific properties by which 
he identified his synthetic rubber; he simply states that his product 
was “in all rCvSpects identical with india-rubber,” and some will agree 
that he was qualified to know about it, and will accept his word that he 
had synthetic rubber in his hands prior to the year 1894. Others will 
be within their rights and can scarcely be regarded as unreasonable, if 
they maintain that Weber may possibly have prepared a rubber-like 
substance, but that he gave no proof which can be regarded as establishing 
as a scientific fact that he actually prepared synthetic india-rubber. 

In 1910, S. S. Pickles published a paper^ on “The Constitution and 
Synthesis of Caoutchouc” in which he confirms Tildcn’s and Weber’s 
spontaneous polymerization synthesis. Under the heading “Spon¬ 
taneous Polymerisation of Isoprene and Examination of the Product,” 
Pickle says: 

“In view of the position of the vSubject at the present time, the author 
convsidered that an account of the result of a recent experiment on the 
polymerisation of isoprene might have some little value, especially as 
chemical tests were applied to the product obtained. The difficulty 
so far as repetition is concerned lies in the fact that the process of spon- 

1 /. Chem. Soc., 97, 1086 (1910). 
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taneous polymerisation is an extremely slow one, the complete conversion 
requiring several years. 

‘*Iu 1906, the author prepared a specimen of isoprene (about 10 grams 
for demonstration purposes), from plantation biscuit rubber; it boiled 
at 35® to 37°. The small bottle containing it was almost full, the stopper 
was securely fastened down, and the specimen was allowed to remain 
in that condition (for the greater part of the time in the dark) for three 
and a half years. The liquid, which at first was as mobile as ether, had, 
during this period, gradually become more viscous, until it acquired the 
consistency of a thick syrup. A short time ago a portion of this liquid 
was poured out, and to it was added about 10 volumes of alcohol. IMie 
separation of a while substance, followed by a clotting, look place imme¬ 
diately. The coagulum thus formed was washed with alcohol and allow(‘d 
to dry on a glass plate. As thus prepared, the material was clear, gelat¬ 
inous, and possessed of a certain amount of elasticity. In point of tenacity 
however i was certainly not equal to mature Para rubber, but rather 
resembled the product obtained from young, immature rubber trees. 
It should be remembered, however, that in the experiment the polymerisa¬ 
tion had not been allowed to proceed to completion, that is, until reach¬ 
ing the completely solid state. That the material undoubtedly contains 
rubber, however, is proved by the fact that it yields the characteristic 
tetrabromide and the nitrosite.’" 

This would seem to unquestionably confirm Tilden's synthesis of rubber 
by the slow spontaneous polymerization of isoprene, and prove that 
he had a true synthetic rubber in 1892. 

However, in his last paper^ on this subject. Prof. Harries describes 
certain investigations on the rubber-like products obtained from /3,7-, 
or 2,3-dimethylbutadiene, which seem pertinent at this point. He finds 
that the normal dimethylbutadienc rubber, prepared according to the 
Elberfeld metliod of heating dimethylbutadienc for some time in closed 
tubes, and the white, solid, practically insoluble mass, which Kondakow 
obtained by allowing dimethylbutadienc to stand in closed tubes for about 
a year at the ordinary temperature, are different in physical and chemical 
properties. In this connection Harries says: 

“The product obtained by polymerizing dimethylbutadienc at ele¬ 
vated temperatures is apparently different from the product obtained by 
its slow, spontaneous polymerization in the cold; the latter is absolutely 
not a true rubber. The determination of this fact appears to me of great 
importance, because it naturally follows from this that isoprene, and the 
butadiene hydrocarbons in general, will yield a different product by the 
slow, spontaneous polymerization in the cold, than by the polymeriza¬ 
tion at elevated temperatures. Hence, the proof recently advanced by 
Pickles,^ that isoprene is converted into rubber by long standing in the 
cold, is uncertain, because the products of cold polymerization also yield 
bromides and nitrosites which are difficult to distinguish from tliose ob¬ 
tained from the heat-polymerization products. 

“In order to study this question somewhat more closely, I placed some 
pure isoprene in a quartz-glass tube, .sealed it, and exposed it to the ac¬ 
tion of the ultraviolet rays for 20 days and nights. At the end of this 

^ Ann., 395, 265. 

* J. Chem. Soc., 97, 1085 (1910). 
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time, I obtained a white, solid product, which possesses great similarity 
with the product obtained by Kondakow by the cold polymerization of 
dimethylbutadiene. This product is tough at first, later becoming brittle, 
and is absolutely insoluble. Together with this insoluble product, there 
was formed a small amount of a rubber-like substance, which in my opinion 
was formed by the unavoidable heating of the isoprene by the lighting 
process. Unfortunately the quantities of the substances formed were 
too small to permit of closer investigation.” 

This, then, appears to reo})en the question, does the slow, spontaneous 
polymerization of isoprene at ordinar}^ temperatures produce a true rub- 
ber? Tilden, Weber, Trickles, and Perkin, Jr. are on record in the affirma¬ 
tive; Harries inclines to the negative. 

At a meeting of the British Association for the Advancement of Science 
held at York in 1906, Prof. Tilden submitted a paper^ “On the Polymerisa¬ 
tion of Isoprene.” He says: 

“When kept for a long time isoprene is slowly converted into india- 
rubber, the process, however, occupying many years. The specimens 
now exhibited illustrate the process of transformation. Tf any attempt 
is made to hasten the operation, as by heat or contact with strong re¬ 
agents, the greater part of the hydrocarbon is converted into dipentene, 
and the mixture of viscid compounds of high boiling-point known as 
colophene, which results from the polymerisation of the terpenes.” 

The next important reference concerning Prof. Tilden’s work on syn¬ 
thetic rubber is found in the India-Rubber JoitmaU^ published in the year 
1908. I quote the following from an article in this Journal: 

“In a letter once published in the ‘Kew Bulletin,’ the learned and en¬ 
thusiastic Professor (Tilden) stated that: ‘As you may imagine I have 
tried everything I can think of as likely to promote this change (of iso¬ 
prene into rubber), but without success. The polymerisation proceeds 
very slowly, occupying according to my experiences several years, and all 
attempts to hurry it result in the production, not of rubber, but of colo¬ 
phene, a thick, sticky oil, quite useless for all purposes to which rubber is 
applied ” 

Statement for India-Rubber Journal readers: 

“Professor Tilden has courteously .sent in the following letter which 
embodies the result of his researches up to date, and his opinion of the 
future possibilities of synthetic rubber, for publication in the ‘India- 
Rubber Journal.’ We have not yet met a manufacturer (and we never 
expect to meet a planter) who hails the poSvSible advent of a commercial 
synthetic rubber with any symptoms of joy; the Professor’s letter will 
therefore be followed with unmixed pleasure by our readers. He writes: 

‘The conversion of isoprene into rubber occurs, so far as observed, 
under two conditions: (i) When brought into contact with strong aqueous 

hydrochloric acid or moist hydrogen chloride gas; (2) by spontaneous 
polymerisation. In the former case the amount of rubber produced is 
small, as it is only a by-product attending the formation of the isoprene 
hydrochlorides which are both liquids. In the latter case the process oc- 

^ Report of the British Association for tlie Advancement of Science, ipo6, York. 
Transactions of Section B, page 525 

^ India-Rtihher J., 36, 321-322 (1908); Gummi-Ztg,, 23, 151 (Nov. 6, 1908); see 
also Ann., 383, 185; ‘"Die Synthese der Kautschuks,” by Ditmar, page 24, 
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cupies several years. Of coua'se, many attempts were made by me to hasten 
the process, but it was found that contact with any strong reagent, such 
as oil of vitriol, pentachloride of phosphorus, and others of milder charac¬ 
ter, led only to the production of a sticky colophene similar to the sub¬ 
stance which results from the polymerisation of the terpencs, and after 
a course of experiments which were carried on for about two years, I was 
reluctantly obliged to abandon the subject. It is, however, a question 
whether the process could be made commercially productive even if a suit¬ 
able reagent could he found to effect the transformation, because the yield of 
isoprene from turpentine is very small, probably not exceeding io% under 
favorable conditions. In my experiments it was less. If isoprene was 
obtainable at a low cost from other sources it might he found possible to utilize 
the hydrochloric acid process, though I doubt it.*'' 

No better summary of Prof. Tilden’s work on synthetic rubber could 
be given than he himself gives in this article, published a few years before 
the controversy regarding his work commenced. It is interesting to note 
that he makes no claim that his colophene contained a “considerable 
proportion of rubber,” or that cold acids converted this “oily polymeride” 
into rubber. It is needless to say that this article by Tildcn does not 
fit in any too well with Prof. Perkin’s argument, and in his paper of 1912 
in the Journal of the Society of Chemical Industry he omits all reference to 
it. It is likewise apparent that this statement by Tilden pleases the 
German investigators and they quote it. 

This brings us up to the year 1909, the date of the first patents of Bayer 
& Co., Elbcrfeld, on the heat polymerisation of isoprene and of other 
butadiene hydrocarbons to synthetic rubbers. 

For the sake of a clear understanding of some subsequent developments, 
I desire to quote certain portions of Bayer & Co.’s first German patent 
application,' dated September n, 1909, on “A Method for the Prepara¬ 
tion of Artificial Rubber.” The patent says: 

“An observation‘of exceedingly great importance technically has been 
made in the discovery of the fact that by heating vsynthetic isoprene, a 
very good yield of a product is obtained, which, in its chemical and physical 
properties, cannot be distinguished from natural rubber.” 

“With our process, the temperature may vary within fairly wide limits, 
but if it greatly exceeds 200° large amounts of terpenes are readily formed. 
In carrying out the reaction, the synthetic isoprene may be heated in the 
presence of indifferent diluting agents or solvents, or in the presence of 
neutral, alkaline or acid catalysts. 

“ Example i. 200 parts of isoprene are heated in an autoclave at 200^ 
for 10-12 hours, when a very tough and elastic, but sticky mass is formed. 
The stickiness is removed by passing steam through the mass, and there 
results a substance which cannot be distinguished from natural rubber. 

“Example 2. 500 parts of isoprene are warmed in a pressure-vessel 

at 90-100° for six days. The resulting viscous mass is then distilled with 
steam at ordinary pressure until all unchanged isoprene is driven over. 
Then, the steam distillation is continued under diminished pressure until 
no more oil comes over. On cooling, a pure, white rubber of excellent 
quality remains in the distillation apparatus. 

1 Deutsche Patcntanmeldung F. 28390, K1 39 b. Gr. i, vom ii, Sept., 1909. Von 
den Farbenfabriken vorm. Friedr. Bayer & Co., Elberfeld. 



REVIEW OE PIONEER WORK ON SYNTHESIS OR RUBBER. 189 

“ Example 3. 100 parts of isoprene are dissolved in 200 parts of benzene, 

and the solution is heated under pressure at 120® for two days; the product 
is then distilled, first at ordinary pressure and finally in vacuum. Un¬ 
altered isoprene, benzene, and terpenes pass over first, and a tough, 
transparent mass remains, which, after washing with alcohol, loses its 
transparency, and assumes the outward appearance of rubber. 

''Patent ( 'laim. A process for the preparation of artificial rubber, which 
consists in heating synthetic isoprene, unth or without the addition of agents 
promoting polymerisation, at a tempeerature under 250°.*' 

In his address before the London .section of the Society of Chemical 
Industry on June 17, 1912, Professor Perkin, Jr., says: 

“I should like next to call attention to a German application (1144,823) 
lodged in October, 1908, by A. Hcinemann, but apparently not published 
until September, 1911. This patent (corresponding to the English patent, 
21,772/07; sec This Journal, 1908, 1075) describes the method of heat 
polymerisation of i.soprcne as follows: 

‘“This hydrocarbon contains two double bonds and so is easily polym¬ 
erised. This follows in known manner by heating in a sealed tube with 
or without the addition of acids, alkalis or neutral catalysts. The tem¬ 
perature is preferably kept at too® to 150® for three days. Higher or 
lower temperatures work in a shorter or longer time than three days. 
After polymerisation, a rubber-like mass is obtained, in solution in un- 
polymerised hydrocarbon or hydrocarbon polymeri.sed only to an oil. 
The liydrocarbon can be .separated by di.stillation or by the known methods 
of precipitating natural rubber.' 

Perkin, Jr., continues as follows: “Meanwhile, the Bayer & Co. 
had been at work on the problem and filed an English patent, 17,734/10 
(see This Journal, 1911, 220), dated September ii, 1909, and a French 
patent, 419,316, the first of a series of patents for the heat polymerisation 
of isoprene and its homologues. The gist of the.se patents is very well 
described by Heincmann’s remarks, which I have just quoted, and they 
do not appear lo contain much which was not known before.*' 

If Perkin's .statements are correct and his conclusion is justified, then 
wc arc allowed to infer that the chemists of Bayer & Co., by .some .strange 
coincident, applied for a ])atent, in which they descriljcd their discovery 
in nearly tiie same language which Hcinemann had one year previously 
used in a patent application to describe the same discovery. If Perkin’s 
statements were based upon insulficient information, and the facts are 
not as he stated, then, it .seems to me, an injustice has been committed 
again.st the chemists of ] 3 ayer & Co. 

In a short article’ in “Gummi-Zeitung,’’ for August 9, 1912, Dr. Fritz 
Hofmann, of Blberfeld, replies to this statement by Perkin, Jr., in the 
following words: 

“The Hcinemann application H44,823 was definitely or finally re¬ 
jected by the German patent office in May, 1912. This application as 
a matter of fact did contain the parts quoted by Perkin, but these par¬ 
ticular parts were never contained in the original application filed in Octo¬ 
ber, 1908. Furthermore, the parts quoted by Perkin are not contained 
in Heinemann's English patent, 21,772/07, nor are they to be found in 

^Gummi-Ztg., 45, 1794 (1912). See also Ibid., 26, 1458 (June 14, 1912); 
.26, 1752 (Aug. 2, 1912). 



190 FRANCIS J. POND. 

Heinemann’s French patent, 394,795. In the German application, 
H44,823, the part quoted by Perkin was first introduced as an addition 
on December 14, 1910, that is, at a time when the heat polymerisation 
of isoprene had become generally known through the well-known Vienna 
lecture of Prof. Harries on March 12, 1910, and by the French application 
of the Badische Anilin- und Sodafabrik—made public on November 8, 
1910. The basic patent of the Farbenfabriken vorm. Friedr. Bayer & 
Co., which for the first time described the heat polymerization and pat¬ 
ented this discovery, was delivered at the Imperial patent office on Sep¬ 
tember II, 1909.” 

On investigation, I find the facts relative to Heinemann’s English pat¬ 
ent, No. 21,772, which Perkin, Jr., mentions as corresponding with the 
German application, are as follows: 

Date of application, October 2, 1907. Accepted October i, 1908. 
Subject, ‘*A Process for the Synthetic Production of India-Rubber, 
by Arthur Heinemann of London. The discovery is given as follows: 
“Acetylene and ethylene are mixed together and heated in a tube or the 
like raised to a dull red heat, thus producing divinyl. The divinyl is 
then converted into methyl divinyl or isoprene in any well-known manner, 
such for instance, as by the action of methyl chloride, or by passing the 
three gases together through said tube. The methyl divinyl or isoprene 
resulting from the last reaction is then treated with concentrated hydro¬ 
chloric acid and condensed to caoutchouc.” 

“Caoutchouc prepared by the above described method is as good as 
the natural product, with which it can compete.” 

There is absolutely no reference in this patent to the heat polymeriza¬ 
tion of isoprene. 

Heinemann’s French application,* dated September 30, f9o8, is exactly 
like the English patent and contains no reference to the heat polymeriza¬ 
tion of isoprene. These patents deal with an alleged process of preparing 
synthetic isoprene and then polymerizing this by Bouchardat’s method. 

The abstract in the Journal of the Society of Chemical Industry for 1908, 
to which Perkin, Jr., refers, gives a very short notice of Heinemann’s 
English patent, saying that isoprene is formed from acetylene, ethylene 
and methyl chloride, and that the resulting isoprene is condensed to rubber; 
but absolutely no mention is made of the condensing or polymerizing agent, 
nor of heat polymerization. 

Regarding Heinemann’s German application, 1144,823, dated October 
I, 1908, I find this printed in Dr. Rudolf Ditmar’s monograph on “The 
Synthesis of Rubber,” the preface of which is dated March, 1912. As 
printed in this book, the German application includes the heat polymeriza¬ 
tion of isoprene as quoted by Perkin, Jr. If one used this book in this 
connection, there would be some reasons for believing that the German 
application, dated October i, 1908, anticipated Bayer & Co.’s 1909 patent. 
However, in the part of the patent application relating to the polymeriza¬ 
tion of isoprene, as quoted by Perkin, Jr. there is one phrase which would 
be looked upon with surprise^ at least, by those familiar with the history 
of synthetic rubber, and that is: The polymerization of isoprene to rub¬ 
ber “follows in known manner by heating in a .sealed tube with or without 
the addition of acids, alkalies, or neutral catalysts.” 

^ C, A., 4, 2746 (1910). 
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On October i, 1908, the date Perkin, Jr., assumes this to have been pre¬ 
sented to the German patent office, and indeed up to September ii, 
1909, the known methods of polymerizing isoprene were: (i) Bouchardat’s, 
Tilden's, and Wallach’s experiments of heating isoprene in sealed tubes 
at 250® to 290®, when dipentene and a mixture of diterpenes termed colo- 
phene were formed, but no rubber was mentioned by these investigators. 

(2) Boiicliardat’s and Tildcn's work in treating isoprene in the cold with 
strong aciueous hydrochloric acid, which gave a small yield of a product 
which they termed synthetic rubber. (3) Wallach’s, Tilden’s and Weber’s 
experiments on the slow, spontaneous polymerization of isoprene at ordi¬ 
nary temperatures to a rubber-like product. 

If this part in lleinemann’s German application was really written 
prior to October i, 1008, then Heinemann’s process of heat ploymerisa- 
tion of isoprene to rubber was a new’ discovery of great importance, and 
it is remarkable that he should term it a ''known method'' 

Furthermore, there is no reason to doubt Dr. Hofmann’s word regard¬ 
ing this patent situation, and I think we are not warranted in assuming 
tliat the “gist” of the Bayer Co. patent was described by lleinemann 
in 1908. 

This brings us up to the time of the Bayer 8: Co. and Prof. Harries’ 
patents and ])ublications, and it may be regarded as the close of the first 
period in the history of synthetic rubber. 

We may, therefore, summarize the pioneer work on the polymeriza¬ 
tion of isoprene to rubber, /. c., the work published up to about September 
11, igop, as follows: 

I. A synthetic rubber was first claimed by G. Bouchardat in 1879 
by j)C)lyTnerization of isoprene in the cold by means of strong aqueous 
hydrochloric acid. This syntliesis is said to have been confirmed by 
Tilden in 1882 and 1884, and by A. Heinemann in 1907. It has been 
denied by Professors Klages and Harries, and by Bayer & Co., and has 
been defended by Prof. Perkin, Jr., who has not, to my knowledge, stated 
that he himself ever made true rubber by this proce.ss. 

(2) In 1882 and 1884, Professor Tilden claimed to have produced rub¬ 
ber by the action of nitrosyl-chloride on isoprene, and by the action of 
cold acids on the “oily polymeride,’’ colophene, produced by heating 
isoprene at 250° to 280° for about twelve hours. To the best of my knowl¬ 
edge, neither of these syntheses has been confirmed by any other investi¬ 
gator. 

(3) Bouchardat, in 1875, and Ti den and Wallach in i88.p all agreed 
that heating isoprene in sealed lubes at 250° to 290° for several hours, 
converted it into d pentene and colophene; the formation of rubber under 
these conditions was not noted by these investigators. Prof. Perkin, Jr 
claims “there can be no doubt that this colophene contained a considerable 
proportion of rubber.” 

(4) In 1886, Wallach noted that when isoprene was exposed to the action 
of light for a long time, a tough mass, re.serabling rubber was formed. 
This product was apparently not further investigated. 

(5) In 1892, Prof. Tilden discovered the spontaneous polymerization 
of isoprene to rubber or a rubber-like substance, the process requiring 
a number of years for its completion. This .synthesis has been confirmed 
by Weber and Pickles, but the question as to whether this product should 
be regarded as a true rubber has been raised by Prof. Harries. 
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(6) On September ii, 1909, Bayer & Co. patented their first process 
for the preparation of artificial rubber, consisting in heating synthetic 
isoprene with or without the addition of neutral, alkaline, or acid catalysts, 
at a temperature under 250°. In my opinion, there is absolutely nothing 
in the prior state of the art, which can be regarded as anticipating this 
discovery of the chemists of Bayer & Co. 

So far we have considered the early history of the polymerisation of 
isoprene only. A few words should be added regarding what was known 
to the earlier investigators about the polymerisation products of isomers 
and homologues of isoprene, because it has been intimated that the polym- 
erides obtained from these substances, in their behavior with solvents and 
in certain of their properties, showed a general resemblance to the proper¬ 
ties of rubber. It is also clear that‘those who call our attention to these 
polymerization products, permit us to nfer that this alleged resemblance 
to rubber should, in some way, anticipate the work of Prof. Harries and 
Bayer & Co. But we should remember that this class of unsaturated 
compounds are readily polymerized or rcvsinfied; and we know that in 
working with organic compounds, we have obtained tarry or resinous 
products which we may have termed gummy or rubber-like, hut which 
we never dreamed of having any real relationship with true india-rubber. 

We will first consider ptperylcnc, an isomer of isoprene. In 1881, 
Hofmann^ examined pipcrylene. He says: “The boiling point of this 
substance is about 42°; towards the end of this distillation, the tempera¬ 
ture rose somewhat, so that possibly the polymerization of a small amount 
may be indicated.” 

In 1882, Schotten^ tried to prepare piperylene from nitro-piperidine. 
He says: “I have found that on heating with phosphoric anhydride, 
as well as with zinc chloride, only traces of piperylene are formed, and 
that the mass is largely resinfied (verliarzt).” 

I mention the above two references because Prof. Perkin, Jr."* calls 
attention to these a*s indicating that Hofmann and Schotten “obtained 
similar polymerides,” and that here “we find the first example of the 
polymerization of a homologue of isoprene.“ 

In 1901, J. Thiele^ published a paper on piperylene. I quote the fol¬ 
lowing from this paper: “ Piperylene has the constitution of an a-methyl- 
butadiene, 

CTI2 = CH — CH = CH 

I 

CHa 

“The boiling point of piperylene, in contrast to that of the jS-methyl- 
butadiene (isoprene), is unchanged even after several months' standing 
in tlie dark, and as a residue there remains only a minimum amount of 
a gummy (gummiartigen) substance, probably a polymerisation product.” 

Prof. Perkin, Jr.® in using this reference says: “In 1901, Thiele showed 
that on keeping, it (pipeiylene) yielded a small quantity of a rubber like 
polymer, but not so readily as isoprene does.” 

1 Ber., 14, 665. 

15, 425. 

* J. Soi. Chem Ind., 31, 617. 

^ Ann., 319, 227. 

• J. Soc, Chem. Ind., 31, 618. 
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We must keep in mind, however, that Thiele used the word “gum- 
miartigen” and not “kautschukartigen.*' 

Another compound to which our attention has been called is 2,3-di-' 
methylbutadiene, or as it has frequently been termed, dipropylene or 
diisopropenyl, 

CH2 = C ~ C = CH2 

I I 

CH, CHs 

In 1890, Marintza^ stated: “Dimethyl isopropenyl oarbinol was sub* 
jected to the action of sulfuric and hydrochloric acids. Wlicn it was 
heated at 100° with dilute sulfuric acid (containing 1% or more), the prod¬ 
uct was a viscid oil, boiling above 100®, seemingly the product of condensa¬ 
tion of a hydrocarbon (diisopropenyl) formed by the action of very dilute 
acids. 

“After heating for 20 to 30 minutes in a water bath with hydrochloric 
acid of 0.1% a very mobile, liquid hydrocarbon, boiling at 68° to 69°, 
was obtained. The hydrocarbon is Cbllio, diisopropenyl.” 

In 1892, Couturier^ writes: “/^^-dipropylene polymerises with ex¬ 
treme ease, which docs not take place with the isomeric compounds having 
the normal chain, such as diallyl. This property renders all of the re¬ 
actions with this hydrocarbon ver>" difficult. The })olyinerizalion is 
produced by heat alone, and the liquid is transformed into a viscous 
product, which cannot be distilled. Calcium chloride a('ts in the same 
manner in the cold, when it is allowed to .stand in c'ontact with the hydro¬ 
carbon for a long time.” 

“I have tried to hydrate / 3 -dipropylenc by means of sulfuric acid. 
But this attempt was rendered fruitless by the extreme ease with which 
this hydrocarbon polymerises. When the hydrocarbon is added to sul¬ 
furic acid, cooled to zero, the liquid becomes colored and viscous. When 
the product is cooled with ice, there separates a resinous material, which 
agglomerates and which yields no volatile products when distilled with 
steam. This resinous product is soluble in ether, chloroform, acetic acid, 
and benzine; but none of these solvents gav^e a product suitable for anal¬ 
ysis.” 

Referring to the above article, Perkin, Jr. says: “In 1892, Couturier 
added another member to the rubber series, since he found that diiso- 
propen3d (dipropylene) polymerises ver}' readily, e. g., by the action of 
heat.” Perkin, Jr; adds that the agglomeration and the solubilities of 
Couturier's “resin” are “properties somewhat resembling those of freshly 
precipitated rubber.” 

The fact nevertheless remains that Couturier does not intimate that 
his resinous product is even remotely related to rubber, and personally 
I do not see how his work added “another member to tlie rubber series.” 

In 1900, Kondakow’’ investigated the behavior of diisopropenyl 
towards alcoholic potash, in order to determine whether this hydrocarbon 
is polymerized under these conditions. He says: “When this hydro¬ 
carbon is heated with alcoholic potash (i part potassium hydroxide to 
3 parts of alcohol) at 150° for five hours, a part of the hydrocarbon is 
’ J Chart Soc , Abstr 58, 728 (1890) (from J Russ Chem Sot , 21, 434) 

-Ann. chim. phys , 26, 489, 491 
® J. prakt. Chem., 62, 175, 176, 
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polymerised, and the remainder is unaltered. The remaining, tmaltered 
portion of the diisopropenyl boils at 69.5° to 70°.'’ 

*'As regards the polymerisation product which is obtained by heating 
diisopropenyl with alcoholic potash, its properties recall those of caout¬ 
chouc or of the polymer of vStyrene. The product is a leather-like, elastic 
mass, nearly white in color, is not volatile with steam, is insoluble in water, 
but is soluble in hydrocarbons, ether and alcohol.*’ 

In 1901, Koiidakow*^ published a short paper on ''A Remarkable Case 
of Polymerization of Diisopropenyl (Dimelhyl-2,3-bntadiene-i,3).’* He 
placed two lots of 20 grams each of diisopropenyl in two 50 cc. flasks, 
the flasks being about two-lifths full of the liquid. “The flasks were then 
sealed and allowed to stand in diffused daylight for about one year. At 
the end of this lime, the liquid was found to have been converted into a 
white solid mass, which completely filled the flasks in the form of a sponge. 
On opening the flasks, neither increase or decrease in pressure was ob¬ 
served and no trace of the original hydrocarbon w’as found Under the 
microscope the substance seemed to Ix' amorphous, and it is tasteless 
and odorless, and elastic like rubber; it also reminds one of rubber in its 
behavior on chewing, and it appears to be unchanged in the air. The 
substance is absolutely insoluble in benzine, ligroin, ligroin chloroform, 
carbon disulfide, ether, alcohol, acetone and turpentine; it swells up in 
benzene. It is distinguished from rubber by its behavior tow’ards these 
solvents.” 

Then Kondakow adds: “I can only point out that the second polymer 
is clearly or sharply distinguished from the previously described polymer 
(the one soluble in alcohol) by its physical properties; it appears to be 
a higher polymerisation-product than the first.” 

This spontaneous polymerisation of 2,3-diniethylbutadiene to a rubber- 
like substance, observed by Kondakow, is strikingly like the spontaneous 
polymerisation of isoprenc to a rubherAike substance, observed by Tilden. 
There also seems to be some reason for believing that this similarity in the 
behavior of tlie two hydrocarbons, and a possible relationship of their 
polymerisation-products, were discussed in Kondakow* s original paper ^ 
of 1901. It has been stated that this paper was written in Russian, 
and the liditor of the Journal fur praktischc Chemie cut out some of the 
theoretical speculations of Kondakow, hence, they did not get into the 
German or linglish literature. At all events, Kondakow'^ now claims 
that he, and not the chemists of Bayer & Co., was the real discoverer of the 
first homologous rubber. Prof. Perkin, Jr. and vsome others seem to vsup- 
port Kondakow’s claim, while Prof. Harries and Bayer & Co. do not 
acknowledge it. 

It appears to me that one of the most important arguments in favor 
of Kondakow’s claim is found in two articles written by C. O. Weber 
on December 5, 1902, and January 23, 1903, for the “Gummi-Zeitung.” 

In his 1902 communication,'* Weber says: 

* J. prakt Chem , 64, 109, no 

2 See review on Kondakow’s book and claims to priority, by Dr. K. Gotll6b, 
Cummi~Ztg , 26, 1546, 1582, 1628 (1912). 

* IvC caoutchouc synth^nque, sec hoinologues ct ses analogues, Rev. gen. chim. 
pure et appliquhe, 1912, 129. 

^ Gummi-Ztg., 1902, 207 
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“In the Journal fur prakf. Chemie for 1901, Bd. 64, pajs^e 109, J, Konda- 
kow describes a most remarkable case of the polymerisation of 2,3-di-' 
methyl-1,3-butadiene, which substance might be more concisely termed 
methylisoprcne. 

“To those who have carefully followed the evolution of the cliemistry 
of rubber, it is well known that Bouchardat, Tilden and I have shown that 
isoprene may be reconverted or polymerized into rubber. Kondakow 
finds that his dime thy Ibutadiene, a liquid boiling at 69.5®, is spontaneously 
polymerised, on standing for 12 months, into a white, solid, spongy, 
elastic mass, whose physical properties resemble those of rubber. This 
polymerisation-product is distinguished from rubber, however, by the 
fact that it is insoluble in any of the known solvents for rubber. There¬ 
fore, this product, when consiriered from the chemical view-point, is un¬ 
doubtedly to be regarded as the first known homologue of rubber, and it 
affords us the first concrete example of the possibilities which are scarcely 
suspected at the present day, and which will find their realization with 
the artificial production of rubber.** 

“It must be apparent to every manufacturer that such a rubber (as 
Kondakow describes) would have an enormous importance for the industry, 
since this rubber, even when not vulcanized, is totally unafTccted by all 
solvents and oils, while in the vulcanized condition it would show no 
tendency to swell up in liquid hydrocarbons as benzene, jietroleum, etc., 
and in oils.’* 

In his 1903 article,^ Weber repeats his statement that Kondakow’s 
product is to be regarded as the first known homologue oj rubbery 

In a paper written in 1912, K. Grandmougin^ says: “The fact that 
not only isoprene, but also dimetltylbutadiene may be polymerized to 
rubber-like substances, was recognized by Kondakow about the year 
1900; and the importance of this observation, which furnished the possi¬ 
bility of producing homologous rubbers, was thoroughly appreciated at 
that time.” 

On the other hand, Friedr. Bayer & Co.,*^ of Klberfeld, in their patent 
of December 27, 1909, covering the method of preparing a rubber from 
2,3-dimethyIbutadiene, call attention to this work of Kondakow, and 
point out that his first product was soluble in alcohol while natural rubber 
is completely insoluble in alcohol; hence they conclude that Kondakow*s 
first product was not an analogue or homologue of rubber, but was a lower 
polymerisation-product of the hydrocarbon. They also argue that the 
very insoluble second product of Kondakow is likewise no analogue of 
rubber, as indicated by its properties, but that it is probably ii much 
higher polymerisation-product than natural rubber. They advise that 
in the process of making true 2,3>dimethylbutadiene rubber, the process 
must be carefully controlled by suitable tests so that the operation shall 
be continued until the resulting product reaches the condition of being 
insoluble in alcohol, but soluble in benzene. 

It is a so interesting to note that in “The India Rubber Journal** 
for February 8, 1913, page 10, is an article on the “Manufacture and Pro¬ 
duction of a Caoutcliouc-like Substance.” This article states’ 

^ Gummi /Jg , 1903, 374 
Ibid , 1912, .S62, 

® Deutsche PatentanmelduiiK. F.2yoir\ K .1 3yb, Gr. 1, vom 27 Dezember, 1909. 
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“The foreign correspondents of the patentee have found that the prod¬ 
uct obtained by Kondakow from i3,7-dimethylerythrene (iS,7-dimethyl- 
butadiciie) {J, prakL Chem., 64, 109-110) can be converted by heating, 
preferably under pressure, into a technically valuable elastic caoutchouc¬ 
like product. For example, the Kondakow product is heated for eight 
hours in a closed iron vessel to from 150® to 200°. A compact, elastic 
mass is thus obtained. Patent No. 13,591.“ 

Regarding this insoluble product obtained by Kondakow in 1901, 
Prof. Harries says:^ 

know this product very intimately, since I have had it in large 
quantities at my disposal. It does, in fact, have a certain connection 
with normal dimethylbutadiene rubber, but is in itself scarcely to be 
looked upon as rubber, for, after it stands in the air for a vshort time it 
changes into a peculiar, sticky, tough mass, readily soluble in the usual 
solvents, which is certainly useless for any technical purposes. Dimethyl- 
butadiene rubber, obtained by heating dimethylbutadiene for a long 
time in a sealed tube at 90°-! 10°, acts entirely differently.*' 

Again, Harries says:^ “On splitting up normal dimethylbutadiene 
rubber, a practically quantitative yield of acetonylacetone is obtained, 
while Kondakow's insoluble, spontaneously polymerized product, and 
the soluble resin formed by allowing the latter to stand in the air, both 
yield at tlie most only 40 to 50% of acetonylacetone ; it is also to be noted 
that the two latter products also yield an unknown aldehyde, boiling 
at about the same temperature as acetonylacetone. 

“The decomposition curves of the diozonide of normal butadiene rub¬ 
ber, and the corresponding curves for the diozonides of the Kondakow 
products show great differences." 

In reply to Prof. Harries* criticism of his support of Kondakow's claim 
to pricM-ity, E. Grandmougin^ says: 

“Although the investigations of Harries and of Bayer & Co. have shown 
that Kondakow's product is not a true rubber, but only yields a technically 
useful product through polymerization by heat, this does not change 
my views in the matter. The fact is, that as early as the year 1902 the 
possibility of preparing synthetic rubber from isoprene, and homologous 
rubbers from the butadienes was recognized, and the importance of this 
observ^ation was at that time no secret to the specialists in this field. 
The teclini('al development of the discovery, especially the manufacture 
of the raw materials in sufficient quantity, as well as the study of the 
polymerization processes, belong to the following period. Later investi¬ 
gators, as Harries, Hofmann, Coutelle, and others, deserve the credit of 
having shown the possibility of the technical accomplishment of the 
synthesis of rubber and analogous products." 

However, until some better proof is offered, I believe we shall have 
to regard Kondakow’s products as not being true dimethylbutadiene 
rubbers. 

Prof. Perkin, Jr. cites the following references as observations made 
by various workers “on a variety of compounds, all of which are charac¬ 
terized by containing the conjugated double licidng, 

— C-C — C = C—. 

' Ann,, 395, 215. 

* Chemiker-Ztg,, 1913, 502. 
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"The polymerides obtained were mostly incompletely investigated, but 
their behaviour with solvents showed a general resemblance to that of 
rubber.*’ 

(1) The work of Harries^ in 1901 on dihydrololuene. Harries says: 
‘'The hydrocarbon (d hydrololuenc) resinifies readily, and on every dis¬ 
tillation it leaves a small amount of a thick, yellow oil.” 

(2) The work of Klages in 1902 and 1904 on phenylbutadiene. In 
1902, Klages^ stated; ” Pheny’butadiene boils at 94-96® under 18 mm. 
pressure; on distillation under ordinary pressure, it polymerizes to high 
boiling products. When exposed to the air, it resinifies forming a colorless 
balsam.” In 1904, Klages** stated: ‘‘Phenylbutadiene is soluble in 
any proportion in ether, alcohol, and benzene, forming clear solutions; 
but it often changes after a few days and then gives opalescent solutions, 
which, after long st anding, throw out white flakes. Tt gradually polymerises 
to a thick mass, which is insoluble in alcohol and ether, but is soluble 
in benzene.” 

(3) The work of Kronstcin"* in 1902 on cyclopentadiene. Kronstein 
gives the following; ‘‘The formation of dicyclopentadicne (from cyclo¬ 
pentadiene) requires several days at certain temperatures. It was to 
be expected that the formation of the dicyclopentadiene could be hastened 
by heating. For this purpose, I heated pure cyclopentadiene in a clo.sed 
tube at lOo®. After heating for five hours, the liquid commenced to be¬ 
come cloudy, and a white, solid substance separated in the form of a white 
powder. The separation of this solid continued as long as there was 
any unchanged cyclopentadiene present. The end-product is a slightly 
yellowish colored, opaque, solid substance.” 

“This solid substance may be completely reconverted into the mono- 
molecular cyclopentadiene by the action of heat. The new polycyclo- 
peiitadicnc is insoluble in all solvents.” 

(4) The work of Willstatter and Veraguth^ in 1905 on a-cyclooctadiene. 
These investigators state the following: ‘‘Cyclooctadiene may be puri¬ 
fied by distillation over metallic sodium in vacuum; under 16.5 mm. 
pressure, it distills over as a clear, limpid oil and leaves little solid residue. 
It cannot be distilled under ordinary pressure, for as soon as it commences 
to boil tlie thermometer rises to 135 150®, and polymerization takes 
place very quickly and explosively v^ith tlie formation of a gelatinous 
mass.” ‘‘a-Cyclooctadicne shows an unusually strong tendency to polym¬ 
erise. Even after standing for a short time, the liquid is converted into 
a solution of the dimolecular compound, whi('h crystallizes out on strong 
cooling, but again dissolves at the room temperature. On standing for 
two to three days at the room temj)erature, the hydrocarbon is converted 
into a hard mass, which consists for the most part of the crystalline di- 
cyclooctadiene; on the other hand, rapid polymerization at elevated 
temperatures converts about half of the hydrocarbon (1.8 grams out of 
4 grams) into a higher molecular polymerisation-product.” 

‘‘The dicyclooctadiene is very readily soluble in all organic solvents 

* Ber., 34, 303. 

2 Ibid., 35, 2650. 

^ Ibid., 37, 2310. 

< Ibtd., 35, 4151. 

^Ibid., 38, 1976, 1977, 1979, 1980, 1981. 
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even in the cold. On standing in the air, it rapidly resinifies with ab¬ 
sorption of oxygen.” 

“The higher molecular polymeride, formed at elevated temperature, 
forms a powder which does not melt up to 300°, and is extremely insoluble, 
trystallizing only from xylene. It remains unaltered in the air. It was 
not obtained pure enough to give good results on analysis, but it was 
shown to contain considerably more oxygen than dicyclooctadiene.*^ 

“This tendency towards polymerization exhibited by a-cyclooctadiene 
is of especial interest, owing to the recent important investigations of 
C. Harries, according to which there is indicated a connection between 
rubber and cyclooctadiene, and a cyclooctadienc appears to be the actual 
parent substance of para-rubber.” 

In 1907, Willstatter and Veraguth^ described an isomeric cyclooctadiene, 
which they distinguished from the above described compound (a-cyclo- 
octadiene) by the term iS-cyclooctadiene. They stated: “The chief 
distinction between the two cyclooctadienes consists in the stability of 
the /S-hydrocarbon; while a-cyclooctadiene polymerizes rapidly and often 
with an explosion, the / 3 -compound suffers no change either by keeping 
for several months or by continued boiling.” 

(5) The work of Willstatter and Bruce, ^ in 1907, on bromobutadiene. 
They state: “Bromobutadiene is a readily mobile, very volatile liquid. 
On keeping, it is changed into a dark brown thick mass having little 
solubility; it is apparently a polymerisation-product.” 

The work of E. Knoevenagcl,^ in 1906, on 1,1-dimethylbutadiene 
should also be mentioned. He says: “When isoheptadienic acid is 
treated with dilute sulfuric acid, carbon dioxide is split off, and there 
results, possibly with the intermediate formation of a lactone—as the 
chief products, two hydrocarbons, CoHjo, 

(CH3)2C = CH ~ CH = CH2, 

and a dimolecular substance, C12H20; this dimolecular compound is prob¬ 
ably formed by the polymerization of the hydrocarbon, CeHm, in a manner 
similar to the formation of dipentene, CioIIie, from isoprene, CsH^, 

CH2 == C—CH = CH2; 

I 

CHa 

accordingly, it would have to be regarded, like dipentene, as a cyclohexene 
derivative. Together with the two above mentioned hydrocarbons, 
a small amount of a higher boiling product was obtained, which, according 
to its boiling point, may be regarded as a trimolecular hydrocarbon, 
C18H30. 

“The detailed description of the properties of these substances, and 
their relation to already known compounds will be given later in another 
place. Moreover, in view of the formula suggested by Harries for para- 
rubber, it is proposed to trace the possible connection which perhaps ex¬ 
ists between the above mentioned hydrocarbons—more especially those 
having a straight chain of carbon atoms—and the rubber group; the 
connection may possibly be found in a different manner of polymeriza¬ 
tion.” 

> Ber , 40, 057, 064. 

2 Ibid., 40, 3994. 

3 Z, angew. Chem., [2] 19, 1330. 
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A careful review of the literature shows, therefore, that with the ex¬ 
ception of Kondakow’s leather-like, alcohol-soluble product and his 
higher molecular, insoluble po'ymeride obtained from 2,3-dimethylbuta- 
diene, none of the earlier investigators described a rubber-like polymeride, 
or even anything approaching rubber-like, as resulting by the polymeriza¬ 
tion of ail isomer or homologue of isopreiic. 

By vSome stretch of the imagination, we might possibly regard some of 
the solubilities of certain of these polymerides as resembling the solubilities 
of rubber, yet in all other important respects they were totally unlike 
rubber, and hy no means could they be termed isomeric or homologous rubbers. 

Prof. Perkin, Jr., sums up the position of synthetic rubber at the begin¬ 
ning of the year 191)9 with these words: 

“It was generally recognized that most compounds containing the con¬ 
jugated double linking showed a tendency to polymerise, in some cases 
very readily, but in others with diiTiculty. 'I'lie polymerides varied from 
sticky, indefinit(^ substances, through well defined rubbers, to hard resins; 
their pro])erties also varied somewhat with the method of polymerisation 
and w'ith the molecular w’cight of the hydrocarbon polymerised. The 
methods of polymerisation included spontaneous polymerisation and polym¬ 
erisation due to heat, sunlight, or the action of various chemical reagents, 
.such as acids and alkalies. But, in most of thcvse cases the methods in 
use were unc'crtain, wasteful or slow.” 

With one very important modification, I think we can all agree wdth 
this vStatement of Prof, l^erkin, Jr. The part of his summary which I 
feel is very misleading, is his statement that “the polymerides varied 
from sticky, indefinite substances, through well defined rubbers, to hard 
resins.” For, %vith the exception of the work of Bouchardat, Tilden, Weber, 
and Wallach, on isoprene, and that of Kondakow on dimethylhiUadicne, 
there is, to the best of my know'ledge, no reference in the literature by 
any investigator where “a ivell defined rubber'' was ever formed as a polym- 
eridc from any conjugated double linkage compound, prior to the work 
of Prof. Harries and of Bayer Co. in the year 1909. 

Hoboken, N J 
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Les Progrds de la Chimie en 1912. Traduction Fraiwaisc autorisee de^ “Annual Re¬ 
ports oil the Progress of Chemistry for 1912, Vol, IX,“ issued by the Chemical 
Society, London, Traducteurs, H. Fi.orentin, K Gelin, P. IIuchet, M. Dkkcq, 
J. vSapiiores, P. PouRguERY. Paris Librairie Scientifique A. Hermann et I'^ils. 
1913. Price, 7.50 francs 

These well-known ‘‘Annual Reports” for 1912 contain the following 
divisions: General and physical chemistry, by G. Senter; inorganic 
chemistry, by E. C. C. Baly; organic chemistry, I, aliphatic .series, by 
H, R. LeSueur, II, homocyclic series, by K. J. P. Orton, III, heterocyclic 
series and stereochemistry, by A. W. Stewart; analytical chemistry, 
by G. Cecil Jones; physiological chemistry, by W. D. Halliburton; agri¬ 
cultural chemistry and vegetable physiology, b}^ A. D. Hall; mineralogical 
chemistry, by Arthur Hutchinson, and radioactivity, by Frederick Soddy. 
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It is gratifying to see the excellence and importance of these reports 
recognized by the publication of this translation. W. A. N 

Logarithmic Reduction Tables. For Students in Analytical Chemistry. By Charles 
J. Moore, Austin Teaching Fellow in Advanced Analytical Chemistry in Harvard 
University. Ginn and Co., Boston. 1913- 78 pp. Price, $1,00. 

This little volume comprises 28 tables of data of especial interest to 
students of analytical chemistry, but of considerable interest to all chem¬ 
ical workers as well. The data have been collected from the most reliable 
sources, the authority being cited in all practicable cases. The selec¬ 
tion of material is very good, including just about what the average worker 
will need in any ordinary calculation. Parallel with each value is its 
logarithm in six places, and those values which are often multiplied, as 
the atomic weights and the analytical factors, have logarithms of the 
multiples most used. Table 29 is a well-arranged table of six-place 
logarithms for general use. F'ollowtng this come 14 pages devoted to 
very common sense explanations of the use of the tables and of logarithms. 
If this little book, with its attractive appearance and convenient arrange¬ 
ment, can stimulate students to a more habitual use of logarithms in 
chemical calculations, it will serve a very useful purpose in our colleges. 

W. E. Henderson. 

A Foundation Course in Chemistry. For vStudents of Agriculture and Technology. 
By J. W. Dodson, B. Sc (bond ), becittrer m Chemistry at University College, 
Reading, and J. Adan Murray, B Sc (Edin.), becturcr in Agricultural Chemistry 
at University College, Reading bongmaiis, Green and Co , New York. 1913. 
X -}- 254 pp. Price, $1 10 

This book presents a brief, pointed description of “those fundamental 
facts and general principles of chemistry upon which the superstructure 
of agricultural chemistry or other technical application must necessarily 
rest.'* Its scope and contents is shown by the following chapter headings: 
(i) Matter and energy; (2) air; (3) the chief gases of the atmosphere; 
(4) water; (5) hydrogen; (6) general principles; (7) oxides, acids, bases, 
and salts; (8) limevStune; (9) common salt; (10) sulfur; (rr) ashes; (12) 
sand, clay, etc.; (13) organic matter; (14) paraffins and their derivatives; 
(15) coal tar; (16) some common metals. 

The materials mentioned in most of the headings are merely the start¬ 
ing points for the presentation of the chief elements contained in them, 
and for the common compounds made from them. Hence the chapter 
on limestone includes what in other texts is commonly included under 
the oxides oj carbon; that on avshes, what is commonly included under 
phosphorus; etc. Seventy-five pages are devoted to organic chemistry, 
which appears to the reviewer to be a wise “innovation" in elementary 
text-books. 

In the main, the selection of the topics shows discrimination and good 
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judgment, and the presentation is brief, pointed, and clear. However^ 
no attempt is made to point out the general relatioUvS or conditions which 
determine whether or no chemical changes will take place—not even the 
solubilities of acids, bases and salts are given or referred to in this con¬ 
nection. This is a serious defect. Otherwise the book is quite commcnda- 
able, and should serve its purpose well. K. P. Schocii. 

Cours Eiementaire de Chimie et de Min^ralogie. Par Dr. C I Istrati, Profcsseur 
de Chimie organique d rUriiversit^ de Bucarest, el Dr. G G LonginjSsctt, Pro- 
fessetir de Chimie inorganique d TUniversit^ de Bucarest. Avec unc Prelacc de 
CHARLKS Frird^i,, Mcnibre de I’lnstitut Dcuxiemc edition francai.se Publiee 
d’apr^-s la quatrieme edition roumaine par A Adam, Profcsseur agiege au Lycee 
de Cliarlesville. Gautliier Villars, Paris 1913 xii -\- 397 \)p Price, 14 50 
francs 

This volume is designed by the authors primarily for use in secondary 
schools, and aims to present the subject inductively for beginners. Much 
stress is laid in the prefatory notes and introduction upon the fact that 
constant use is made of the atomic theory and the valeiu*e concept, which 
seems to be regarded as something of an innovation in works of this char¬ 
acter. The opening chapter deals with winter, as a familiar substance, 
and after a discussion of Ihe general operations of sfdution, crystalli/a- 
tion, distillation and filtration, the distinctions betwx'cn physical and chem¬ 
ical changes are emphasized along customary lines. Chapters dealing 
with li\drogen, oxygen, the halogens, sulfur, and their compounds, follow^ 
in the order named, and at this point the atomic theor\" is introduced, 
and symbols, formulas and equations are first employed. I'he remaining 
chapters de\'oted to inorganic chemistry include the more common non- 
metals and metals, clo.sing wdth a brief presentation of the periodic law, 
the whole occu])ying two hundred and sixty pages. Of the remaining 
pages, one hundred and twenty are devoted to organic chemistry. The 
characteristic methods of preparation of the various types of organic 
compounds, and their behavior, including that of certain imj^ortaiit repre¬ 
sentatives of each type, are given in considerable detail. The svstem of 
nomenclature used is that adopted by the International Commission at 
Geneva. The last few pages of the book are devoted to brief biographical 
notes regarding some of the more important workers in the chemical 
field. The entire text is freely interspersed with directions for ex})eri- 
ments, which the pupil is expected to perform. 

The book is notable for one feature, which the authors regard as most 
important, namely, extensive instruction in mineralogy, especially from 
its crystallographic side. 

The course as presented in this book is not one which would be adapt¬ 
able to our own secondary schools, nor would it probably meet the re¬ 
quirements of our college courses in its present form. The material 
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is, however, thoughtfully presented, and, especially in the variety of ex¬ 
periments described, is of interest to teachers. H. P. Tai^bot. 

Elementary Chemical Theory. By J. M Wadmor®. D. Van Nostrand Co., New 
York. 1912 xi + 275 pp. Price, $1.50. 

In his preface the author says: “there is a growing tendency, and one 
much to be commended, to include more or less Chemical Theory in text¬ 
books of Inorganic Chemistry; Ostwald's ‘Principles’ is the prototype.” 
“For school use the objection is that, though each point receives considera¬ 
tion as it crops up, and is well illustrated by concrete instances, the con¬ 
nection between different theoretical questions is obscured, and the ele- 
mentar}^ student, who is making his first acquaintance with the subject, 
fails to grasp it as a whole.” The author also says he has been unable 
to find a suitable elementary book on Theoretical Chemistry; those now 
published “are too advanced, and too costly for school use.” And again, 
his “book is not for those who, in a chemical sense, have grown their wis¬ 
dom teetli, and with beginners, the obvious is just that which usually 
presents the most difficulty.” With the last statement most teachers 
of chemistry will heartily agree. 

There follow twenty-one short chapters with familiar titles such as: 
“Atomic Hypothesis;” “Vapor Densities;” “Periodic Taw;” “Radio¬ 
activity ;” “Constitution and Configuration of Compounds;” “Gas 
Laws and the Kinetic Hypothesis;” “Liquefaction of Gases;” “Solutions;” 
“Freezing and Boiling Points;” “Diffusion-Osmotic Pressure;” “Rlec- 
trolysis-Ionization;” “Equilibrium of Electrolytes.” Numerous inter¬ 
esting facts and comments, not often found in a work of this size, arc in¬ 
cluded, so that but few could read the book through without learning some¬ 
thing. Many of the topics are treated in a clear, concise way, wholly 
admirable. The chapter on the ])eriodic law is particularly good. 

The frequent use of historic alhrsions and apt quotation.s is an agree¬ 
able feature. The simplicity of language and expression in some chapters 
is almost excessive, but occasionally the author forgets the limitations 
of those for whom he is writing. For instance, the introduction of 
Baeyer’s “strain hypothesis” and the giving, in degrees and minutes, 
the distortion of angles between the “carbon valencies” would seem to 
presume the exivStence of well grown “wisdom teetli.” But these flights 
are few and short; a few pages further on may be found a painstaking ex¬ 
planation of the meaning of “inverse proportion.” 

In this country wc are undoubtedly much under the dominion of Ger¬ 
man thought and method.s—too much so some may think -and it is re¬ 
freshing to read a book so frankly British. But a whole chapter (and 
one of the longer ones), dealing with osmotic pressure from the historic 
standpoint, in which van’t Hoff’s name is not even mentioned, is a curiosity. 

The theory of electrolytic dissociation is approached with an infinitude 
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of precautions, and is handled, metaphorically speaking, with tongs, 
like a hot crucible. On page 243 the student is solemnly admonished 
“that in its present form it is not accepted with quite universal consent.“ 
One cannot object to this warning, but it becomes rather amusing when 
compared with the direct and dogmatic way in which Callendar’s osmotic 
hypothesis is presented in the previous chapter. This unevenness in 
selecting topics and in appraising theories is regrettable. 

In the opinion of the reviewer, about two-thirds of the text is well adapted 
to the beginners for whom it is written, and the other third is interesting 
and suggestive reading for those much further advanced. So there is 
something for eveiy^^hody in this hook. S. Law^rence Bigelow. 

Theoretical and Physical Chemistry. By S. Lawrence Bigelow, Ph D , Professor 
of General and Physical Chemistry in the University of Michigan xiii 544 pp. 
The Century Company, Nc*v York 191J Price, $3 00 

This book was written for use in a course that should follow “the first 
courses in general chemistry^ and qualitative analysis” - as a text-book 
for sophomore or junior students. It aims to give the advanced general 
student in chemistry a large number of carefully selected and well discussed 
facts upon which the fundamental principles of the science are based. 
Such a book is greatly needed. The reviewer has examined this book 
repeatedly during a rather long period of time in which it has been before 
him, and he has recently also tried it as a text-book with just the class of 
students for which it is intended. It appears to him that the book ful¬ 
fills its mission exactly, and that in its vseope and general treatment of 
its subject matter it is excellent. 

The scope of the subject matter is far greater than that of its famous 
prototype—Ostwald’s (irundriss der AUgcmcincn Chemic, We find 
among the headings not only all the familiar topics, but also the following: 
“Spectroscopic Evidences and the Theory of Inorganic ICvolution;” 
“Luminiferous Ether and Vortex Rings;” ” Radioac'tivity and the Elec¬ 
tron Theory;” “Colloidal Solutions.” Under many of the familiar topics 
arc found new subheadings; thus, under ‘‘Osmotic Pressure” are found: 
“Attempts to Explain Osmosis, the Kinetic Hypothesis, the Attraction 
Hypothesis, the vSurface Tension Hypothesis the Function of the Mem¬ 
brane-Capillary Structure-Membranes as Solvents, etc.” Under “The 
Periodic System” we find mention of Loew and Erdniaii’s Airliiuicdes 
Spiral Arrangementy and of Crooke's Genesis of the Fdements, 'riiese topics 
serve to incrcavSe the student’s interest in the subject and widen his view 
of natural phenomena. 

The book is very readable: the style is simple, direct, and very sympa¬ 
thetic to elementary student.s, hence they read the com])aratiAxdy large 
number of pages readily and note the important points without effort. 

Naturally, a book as large as this, and which deals w^ith so many differ- 



204 new books. 

€nt topics is not without flaws and objectionable parts. However, they 
do not affect the book seriously as a whole, and since the first edition of 
the book is practically exhausted and the author is at work on a revised 
edition in which most of these slips and shortcomings will probably be 
corrected, none of them need be pointed out here. 

The publishers have done their work well: the book is printed in 
clear type, on good paper, and is well bound. R. P. Schoch. 

Experiments Arranged for Students in General Chemistry. (Shorter course ) By 
Edgak F. Smith, Blanchard Professor of Chemistry in the University of Pennsyl¬ 
vania, and Harry F. Keller, Professor of Chemistry in the Central High School 
of Philadelphia. P. Blakiston’s Son and Co, Philadelphia. 1913. vii -f> 56 pp. 
12.5 X 18.5 cm. Price, $0.60, net. 

This little volume contains, in condensed form, a well selected list of 
experiments taken from the larger volume by the same authors. It is 
primarily for high school use but may equally be adapted to short college 
courses. Though much too brief upon such important subjects as the 
oxygen compounds of sulphur and nitrogen, with their corresponding 
acids, it is to be remembered that these experiments have been selected 
mainly for the purpose of covering the entire field in as short a time as 
possible; to this end the authors have succeeded in presenting a selection 
clearly illustrative of the principles of general chemistry. 

WiEUAM J. Hale. 

Traits de Chimie MinSrale. Par H. Erdmann. Tome second. 8vo., 331 pp. A 
Hermann et Fils, Paris. 1914. Prix, 10 fr. 

The first volume of this tran.slation by Professor A. Corvisy of the fifth 
edition of the German work was noticed in the July, 1913, number of This 
Journal. 

The present volume deals with the metals exclusively. Extensive and 
interesting information is given in regard to their mineralogical origin, 
uses, compounds, statistics, history, etc. Like the preceding volume, 
it is a useful book for French-reading lecturers and students. It is hardly 
extensive enough to be used as a book of reference to compounds, except 
tlie more common ones. Some peculiarities of treatment have been 
noticed, which are doubtless due to the author’s varying interest in the 
different metals. For instance, five and one-half pages are devoted to 
rubidium, while the more interesting, because extreme, metal caesium 
receives but little more than half a page of comment. The comparative 
rarity of caesium is hardly a good excuse for this brevity of treatment, 
for its compounds have been studied more thoroughly, probably, than 
those of rubidium. H. L. WELLS. 

Traits de Metallographie. Par F^lix Robin. Preface de M. F. Osmond. Libraire 
Scientifique A. Hermann et Fils, Paris. 1912. 464 pp. Price, 30.00 fr. 

The book is an attempt to condense in one volume much of the more 
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recent work on metallography. The author first discusses the general 
principles of metallography, the preparation of specimens, etching methods, 
etc., and follows with a description .of the ideal alloy diagrams. This 
part of the subject is not adequately treated. He next deals with micro¬ 
chemical analysis and its application to the study of pure metals and alloys. 
The nature and microscopical appearance of the pure metals and the chief 
constituents of the common alloys are then considered. vSpecial attention 
is given to the micrographic constituents of iron and steel and the de- 
vseriptions are detailed and accurate. This is followed by outline de¬ 
scriptions of a large number of binary alloys with accompanying diagrams 
and photographs. Some of the equilibrium diagrams are taken from the 
earlier French alloy liteiature and are quite out of date. Most of the 
diagrams are satisfactory, however, and the micropliotographs are ex¬ 
cellent, In later chapters the author deals with the practical problems 
of steel metallography, such as the effects of mechanical treatment on 
structure, the effects of slag inclo.sures, etc. The final chapter deals 
wdth the microstructure of .slags and similar metallurgical products. 

The book contains a large amount of material not readily available, and, 
though some of the material does not seem to be very closely connected 
with metallography, much of it is distinctly useful. vSpecial empha.sis 
is laid on the microstructure and properties of steel, so that the book 
should be chiefly useful to the steel nietallographist. It is profusely illus¬ 
trated with 250 diagrams and 500 niicrophotographs, most of which are 
excellent and well reproduced. Robert S. Williams. 

Treatise on General and Industrial Organic Chemistry. By Dr Ettorr Mouinari, 
Professor of Industrial Chemistry to the Society for the Tmcouriigenieut of Arts 
and Manufactures and Merceology at the Luigi Bocconi Commercial Ihiiversity, 
Milan. Translated from the second enlarged and revised Italian Edition by 
Thomas H Pope, B.Sc., A.C.G.I., F I.C., School of ^Malting and Brewing, Uni¬ 
versity of Birmingham. P. Blakiston’s Son & Co., Philadcli>hia xix -f 770 pp. 
10 X Price, $6.00. 

The fact that a new edition of this book has been called for in only two 
years after the appearance of the first, and aKo that it is translated into 
both English and German, is evidence that it meets a real need. It pre¬ 
sents a combination of theoretical with applied chemistry, though it has 
evidently not been the intention of the author to pn^pare a complete 
treatise on technological chemi.str^L ] Entails arc given only in the cases 
of some of the principal industries and especially in those well adapted to 
give a general idea of the different applications of chemical proceswses. 
For example, the industries of illuminating gas, .sugar, beer, alcohol, acetic 
acid, dyeing, textile fibers, fats and soaps, explosives, etc., arc dealt with, 
in more or less detail. Statistics of production, exportation and importa¬ 
tion have been brought up to the year 1910 and in some instances up to 
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1911. Mr. Pope has made a number of alterations and additions, princi¬ 
pally in amplifications of the statistics referring to Great Britain and the 
United States. M. V. Dover. 

Aus dem Kaiser Wilhelm-Institut fiir Chemie. Untersuchungen liber Chlorophyll. 

Methoden und Ergebnisse. Von Richard WiLLSTATtaR und Arthur Stoll. 

Mit 16 Textfiguren und ii Tafeln. Verlag von Julius Springer, Berlin. 1913. 

9V2 X 6^/2. Papfer. iv 4 * 424 pp. Price, 18 marks. 

In the preface, Professor Willstatter states that this book contains the 
unpublished investigations which he has carried on together with Mr. 
Arthur Stoll during recent years. These comprise the isolation of chloro¬ 
phyll, the separation and quantitative estimation of all components of 
the coloring matter of the leaf, and the hydrolysis of chlorophyll. 

In these investigations new methods for the preparation of chlorophyll 
and its decomposition products have been worked out. With the new 
experience thus gained and the more easily accessible materials, the earlier 
experiments on the transformations of chlorophyll have been repeated 
and most of the older processes improved. 

In order to make this work a more complete representation of our 
knowledge of chlorophyll, it is supplemented with the results of the in¬ 
vestigations which Professor Willstatter and his co-workers have pub¬ 
lished in Liebig's Annalen der Chemie during the last seven years. To 
these have been added some unpublished investigations on the pigments 
of the brown algae made by Professor Willstatter and Mr. H. J. Page 
and also those on the relation between chlorophyll and haemin, carried 
on with Mr. M. Fischer. Chlorophyll and haemin have been broken 
down to a common mother-substance with the aid of reactions, which 
throw some light on the essential differences in the constitution of chloro¬ 
phyll and haemin. 

Some idea of the book may be obtained from the following condensed 
table of contents: I. Theoretical Introduction; II. Description of the 
Coloring Matter of the Leaf; III. The Extraction of the Coloring Matters; 
IV. Quantitative Analysis of the Four Coloring Matters of the Chloro- 
plasts; V. Isolation of Chlorophyll; VI. Isolation of the Two Components 
of Chlorophyll; VII. The Action of Chlorophyllase; VIII. Use of the 
Enzyme for the Partial Synthesis of Chlorophyll; IX. The Chlorophyll- 
ides; X. Isolation of the Components, a and b, of the Chlorophyllides; 
XI. Description of the Chlorophyllides; XII, The Yellow Pigments 
of the Chloroplasts; XIII. Phaeophytin; XIV. Method of Separating 
and Estimating Chlorophyll Derivatives; XV. The Phaeophorbides 
a and b; XVI. Phytochlorins and Phytorhodins; XVII. Phytol; XVIII, 
The Chlorophyllin Salts; XIX. Introduction of Magnesium intch De¬ 
rivatives of Chlorophyll; XX. Decomposition of Chlorophyll by Alka* 
lies: Phyllins and Porphyrins; XXI. Oxidation of the Chlorophyll De- 
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rivatives; XXII. Reduction of the Chlorophyll Derivatives; XXIII. 
Etiophyllin and Etioporphyrin; XXIV. Decomposition Products of 
Haemin; XXV. Graphical Representation of the Absorption Spectra. 

The book also contains eleven plates of photographs of spectra and crys¬ 
tals. 

It is hardly necessary to slate that the book is a most excellent one and 
one of the most important contributions to our knowledge of chlorophyll 
that has appeared. As Professor Willstatter states in the preface, it 
makes chlorophyll and its derivatives easily accessible and will much facili¬ 
tate investigation in this field by both chemists and physiologists. 

W. R. Orndorff. 

The Synthetic Dyestuffs and Intermediate Products. (^Second Edition.) By John 
Cannru. Cain and Jocelyn Field Thorp. 8vo., 423 pp. C. Griffin and Co., 
Ltd., Eondon. 1913. Price, 16 shillings, net 

The first edition of this book, which appeared in 1905, was well received 
by all laboratoiy^ workers in color chemistry, and especially by teachers 
of the chemistr}^ of the coal tar dyes, as it filled a placed in their libraries, 
which until tlien had been vacant. 

In the second edition of this book the text has been revised where the 
authors considered it advisable, and owing to the advances which have 
been made in tlie synthesis and development of the so-called “vat colors,*’ 
they have renamed two chapters of the book. The chapter formerly 
called “Oxyketone Dyestuffs’* has been changed to “Anthracene Dye- 
stuffs’’ so as to include indanthrene and related colors, and the chapter 
formerly entitled “Indigo** has been changed to “Indigoid Coloring 
Matters’* and includes the many indigo derivatives which have been 
introduced during recent years. The authors have also thought it ad¬ 
visable to replace the tables of reactions on the fiber, published in the 
first edition, by the excellent tables recently elaborated by Green and 
his co-workers. The main features of the book are as follows: 

Part I gives the theoretical description of the dyestuffs and their inter¬ 
mediate products, especial attention being paid to the orientation of the 
various groups as they enter the intermediate products, and their struc¬ 
tural position in tlie dyestuff molecule. The discussion of the dyestuffs is 
arranged in accordance with a very complete structural classification 
and the comprehensive character of numerous complex stnictural formulas 
as well as their excellent typography, is wortliy of special note. 

Part II is devoted to the practical side of the subject and gi\es the 
working detail for the laboratory’ preparation of one or more typical 
members of each group of intermediate products and dy^estuffs. 

Port III is analytical in character and describes the processes actually 
in use in chemical and color works for the identification and analysis of 
intermediate products and dyestuffs. It includes tables for the identi- 
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fication of dyes on both animal and vegetable fibers, and an appendix 
of useful specific gravities tables. 

This revised edition will be received with interest by all teachers of the 
organic chemistry of the dyestufiFs, to whom the first edition has proved 
almost indispensable, and its use may well be extended to every laboratory 
worker and student of the subject. L. A. Olney. 

Elements of Water Bacteriology. By S. C. Prescott and C. E. A. Winslow. Third 
edition. John Wiley & Sons, New York, 1913. Price, $1.75. 

This excellent book, which first appeared in 1904, has now reached its 
third edition. Much new material has been inserted throughout the book 
and a new chapter has been added upon the “Bacteriological Examination 
of Shellfish.” The recent recommendations of the Committee on Stand¬ 
ard Methods are fully discussed, but the authors do not agree with the 
recommendation of the Committee that the 37° count sh6uld replace 
the 20® count. Their position is in fact that held by most practical workers 
in the field of water bacteriology. The authors also express their full 
sympathy with the view that the whole group of lactose-fermenting 
bacilli is significant in sanitary water analysis and that too narrow an 
interpretation of identification tests for B. colt is unwarranted. On this 
point, again, the opinion of Prescott and Winslow is probably shared by 
most American workers. 

Eittle criticism can be made of details. It is possibly not quite fair 
(page 52) to discuss MiqueTs numerical standards in comparison with 
others without reference to the special methods employed by that worker. 
On page 59, “warnings of danger” as to the character of a water supply 
based on “daily bacteriological analyses” are referred to with approval. 
The authors apparently overlook the fact that in surface waters of fluctu¬ 
ating character like some of those referred to, the “warnings” may not be 
given until long after the danger has passed, and conversely, that an as¬ 
surance of safety may be made at a time when the water, perhaps in only 
a few hours, has changed for the worse. 

The book as a whole is wonderfully well up with the times and is written 
with much spirit and discrimination. The material presented is for the 
most part thoroughly digested, and represents the best discussion of the 
sanitary bacterial examination of water to be found anywhere. 

Edwin 0. Jordan. 
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THE ELECTRON CONCEPTION OF VALENCE. V. POLAR AND 
NON-POLAR VALENCE. 

By K. Gboros Pai,k and J M. Nklson 
Keceired January 1, 1914 

The dusdistic view of the nature of valence was considered at some length 
in a paper by Bray and Branch entitled “Valence and Tautomerism*’ 
which appeared recently in This Journal.* That is to say, the union 
between two atoms in a molecule was taken to be “either polar or non¬ 
polar in character, according as it is assumed that an electron passes com¬ 
pletely or does not pass from one atom to the other,“ a view that is not 
entirely new.* The present writers have been interested for some years 
in questions of this nature and have published a series of papers* in which 
were presented the conclusions drawn when valence is considered to be 
polar in character only. The views of Bray and Branch with regard to 
the two kinds of valence are somewhat at variance with this point of view. 

It is desirable, in the first place, to compare the nomenclature of Bray 
and Branch with that used in the IV Paper of this series in which a “ Classi¬ 
fication of Chemical Reactions” was developed. Their “polar number” 
corresponds to the algebraic sum of the charges carried by an atom as 

* 3 S> M 40 (1913). 

* The nature of valence as dualistic in charadter was taken up by Neriist in the 
different editions of his "Theoretische Chemie,” for instance, in the IV edition (1903), 
p. 400; VII edition (i9i3)» P- 435- 

»S. of M. Quarterly, 30, 179 (1909). This Journal, 3a» *637 (19*0); 33, 1140 
(1911); 35, i8io (1913). Orif^. Commumcaiions VIII Intern, Congr. Applied Chemistry, 
6, 212 (19*2); -f* prakt, Chem, (N. F.), 88, 97 (1913)- 
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stated in the IV Paper, and their “total valence number’* to the arith¬ 
metical sum of these charges. 

In the second place the important fact must be mentioned that the 
non-polar valence view in itself is now generally recognized not to be a 
sufficiently broad basis upon which to classify valence phenomena. Either 
the dualistic view of polar and non-polar bonds, or the unitary view of 
polar bonds alone appears to be essential for a satisfactory classification. 

Bray and Branch assume that polar and non-polar bonds differ funda¬ 
mentally in kind. The consideration of oxidation and reduction leads 
to some anomalous relations when taken up from this point of view. 
The correct definition for these phenomena with inorganic compounds 
is unquestionably that involving a change in the electrical charges of the 
atoms taking part in the reaction,^ gain of positive cliarges by the reacting 
atoms for oxidation, loss of positive charges for reduction. For compounds 
with non-polar valences it is difficult to formulate a definition. A de¬ 
scription of the different oxidation or reduction reactions of organic com¬ 
pounds on the dualistic valence view leads to contradictions. The or¬ 
ganic reactions in which a hydrogen atom attached to carbon is replaced 
by a halogen atom and the halogen atom by a hydroxyl group, may be 
taken up briefly. When chlorine, combined with carbon is replaced by 
a hydroxyl group, the experimental evidence, mainly that derived from 
hydrolysis experiments,^ points to the same kind of valence for the chlorine 
and oxygen atoms when these are combined with carbon. If this is ad¬ 
mitted, then the replacement of hydrogen by halogen will be an oxidation 
reaction, and in general, the definition of oxidation might tlien be stated 
as “an increase in the proportion of its oxygen or acid-forming element 
(or group)” and of reduction as “subtracting oxygen or an acid-forming 
element (or group). ” ® This is however a re-statement in a somewhat differ¬ 
ent form of the definition of oxidation and reduction in which electric 
•charges are involved as was shown in the IV Paper. The dualistic view, 
on the other hand, assumes the hydrogen atoms and the chlorine atoms 
to be combined with the carbon atom by non-polar valences. If it is 
not admitted that the chlorine-carbon linking is polar, it would be necessary, 
since experimental evidence shows no change in charges when halogen 
is replaced by hydroxyl in these compounds, for the bond between carbon 
and oxygen (of hydroxyl) to be non-polar in character. If this is done, 
then the phenomenon of oxidation in organic compounds would possess 

' Practically every modern text-book of inorganic or analytical chemistry, which 
takes up these relations uses the change in electrical charges as the principle under¬ 
lying the phenomena of oxidation and reduction. The treatment given by Stkglita 
in his *^Qualitative Analysis,” Vol. I, Chapter 14. is particularly clear and instructive. 

• Cf. IV paper of this series, p. 1816, as well as the work of Stieglitz, Selivanow, 
W. A. Noyes, and others there referred to. 

* Cf. TreadweU-Hall, "Qualitative Analysis” (tgii), p. 3, and other text*books. 
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an entirely different significance from that which it does in inorganic 
reactions. On the non-polar view, chlorination consists of a simple re¬ 
placement of hydrogen by chlorine, oxidation would then consist of a 
simple replacement of hydrogen by hydroxyl (or oxygen), and the series 
of transformations methane—►methyl alcohol—►formaldehyde—►for¬ 
mic acid—►carbon dioxide, for example, would represent replacements 
with no change in the charge of the carbon. Such a view is evidently 
untenable, if only because of the artificial differentiation between reactions, 
some of which, for convenience of treatment, are classed with organic 
compounds, others with inorganic compounds, which it introduces, and 
the absolutely separate characterization of reactions involving oxidation 
for organic and inorganic substances as distinct and unrelated phenomena. 

It is also of interest to study some specific substance or reaction in 
order to determine whether the dualistic polar and non-polar valence 
view, or the unitary polar valence view will supply the more satisfactory 
classification. In the simple hydrocarbons and their halogen derivatives^ 
the dualistic view assumes non-polar valences.* The transformation^ 
which these substances undergo in the Grignard reaction, may therefore 
be chosen as a test. Here the reaction may be formulated in the most 
general fonn as follows: 

RI + Mg = Mg/ ; Mg/ + Ril = Mgla + RR,. 

^R ^R 

In this reaction, omitting the action of the solvent or other catalytic 
agent, the change consists of RI and Ril, both with non-polar valences 
on the dualistic view, reacting with the element magnesium to form non.- 
polar, RRi and magnesium iodide. The latter substance must surely 
be assigned polar valences.^ It is, therefore, necessary to assume a change 
at some stage in the character of some of the valences in the reactions, but 
no indication is apparent when this change is to be assumed. That the 
magnesium iodide may act as an electrolyte surely cannot be taken as 
an indication when this change takes place, since this is an effect and not 
the cause. 

Take, on the other hand, the polar view of valence in this reaction; 
then the following formulation may be given: 

1 - 

Mg++ C +»!■*■ —- 1" = Mg++ + Ri+R-. 


R+ 


I- + Mg” 


^Mg+- 


c 


c 


* Bray and Branch, Loc. cit,, p. 1443. 

* Ibid,» p. 1442. 
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The first action consists of the combination of and atomic uncharged 

magnesium. The latter is indicated by the symbol Mg® in order to bring 
out more clearly the change which it undergoes in the course of the reaction. 

The possible intermediate product Mg"‘'“’^ , is given in the equa¬ 


tion for the sake of completeness and to make the electrical character 
of the change involved clearer, but no stress is laid on the formulation of 
this hypothetical substance. The first definite product formed is repre¬ 


sented by Mg"^^ 



The formation of this compound involves a 


change in the electrical character or valence of the magnesium and of 
one of the atoms of group R. As represented in the equation, the mag¬ 
nesium is oxidized, its valence changing from o to + 2 , and a carbon atom 
of the group R reduced two units of valence. The next reaction is a sim¬ 
ple metathesis with the formation of magnesium iodide and Ri‘‘“R“. 
With the polar view of valence, no assumption as to a change in the nature 
of the valences is necessary, and it seems much simpler and more satis¬ 
factory to follow the transfo-mations from this point of view than with 
the combination of the two kinds of valence, polar and non-polar. 

Other examples of the Grignard reaction might be cited to illustrate 
the arbitrary nature of the changes which it would be necessary to assume 
in the character of the valences of the atoms undergoing change if the 
dualistic valence view be adopted. Other reactions also show this, the 
Wiirtz synthesis being a particularly instructive type of reaction. The 
reaction here may be written 


2RI + 2Na = RR + 2NaI. 


On the dualistic view, the sodium iodide contains polar valences, the 
1 The reasons for giving the bonds the directions indicated, or for considering the 
electrical charges distributed as shown, have been given in some detail in the previous 
papers of this series. Briefly summarized, the principles employed are based upon the 
arrangement of the elements in the periodic system, in the horizontal groups the ele¬ 
ments of smaller atomic weight tending to give up corpuscles in forming chemical 
bonds to the elements of higher atomic weight, while in the vertical groups, those of 
higher atomic weight give up corpuscles (are more positive) to those of lower atomic 
weight. These rules may only be looked upon as general guiding principles, in particu¬ 
lar the main and sub-groups of the vertical series must be treated separately. The 
phenomenon of ionization in solution with those compounds for which it has been 
observed, furnishes an invaluable experimental method for determining the distribu¬ 
tion of the electric charges. Caution must be exercised, especially with organic 
compounds where isomeric substances exist in which the isomerism may be taken to 
depend upon different directions of the valences. The general principles outlined apply 
to the more stable linkings between atoms, while the less stable linkings may be present 
in isomeric substances showing less stability. This question has been discussed more 
fully in the previous papers. 
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RI and RR non-polar valences. Here also, as in the Grignard reaction, 
the question as to when tlie iodine changes its valence from the non-polar 
to the polar kind remains unanswered. On the polar view of valence, 
the reaction is formulated 

2 R'^ r + 2 Na® « R+ R“ + 2 Na+r. 

The change is seen to consist of the oxidation of the sodium, its valence 
changing from o to +1, and the reduction by two units of valence of one 
of the carbon atoms of one of the two molecules of reacting RI. The 
character of the iodine remains unchanged. The sodium in this re¬ 
action (as also the magnesium in the Grignard reaction) plays an analogous 
part to its behavior in purely inorganic reactions in which it is oxidized 
from the metallic state, at the same time causing a reduction of one or 
more atoms in some other substance. The only difference lies in the 
fact that these oxidation and reduction changes are not as apparent and 
as easily followed with carbon compounds as with some inorganic com- 
potmds. Fundamentally, however, there is no reason to assume a differ¬ 
ence. Similar relations hold true for other organic reactions. In fact, 
in the experience of the writers, every organic reaction can be interpreted 
simply and satisfactorily and brought into relationship with the reactions 
of inorganic chemistry by using polar valences, while the use of the dual- 
istic view involving polar and non-polar valences introduces arbitrary and 
unnecessary complications in following the chemical reactions. Other 
reactions will not be considered here, but will be presented in extended 
form in another connection. 

A possible way out of the difficulties involved in the dualistic view is 
contained in the paper by Bray and Branch and also in a paper by Lewis. ^ 
They assume the same compound or grouping to contain at one time polar 
valences and at another time non-polar valences. No direct evidence 
can, of course, be presented against such a view, and it might serve a 
useful purpose if it were possible to determine the conditions of such 
hypothetical changes, but until this has been done, it appears to add only 
a further arbitrary complication to the consideration of valence structures. 
Ionization in solution is of the greatest value in determining the distri¬ 
bution of electric charges in substances which ionize, but, on the other 
hand, the absence of ionization must not be taken as evidence regarding 
the presence or absence of polar valences. The phenomenon of ioniza¬ 
tion depends to a great extent on the nature of the solvent^ and there is 
no evidence which leads us to suppose that the presence or absence of the 
property of ionization of substances depends altogether on the presence 
of polar or non-polar valences in them or on the nature of the linking 
between the atoms as presumed in the dualistic view. 

> This Journai,, 35, 1449 (1913)- 

* Cf. Walden, This Journai,, 35, 1649 (1913). 
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It will be seen, therefore, that the dualistic view of valence introducer* 
complications in the theoretical treatment of chemical reactions which 
may be avoided to a great extent if the unitary polar valence view be 
adopted throughout. The positive results which have been obtained 
with the unitary view must also be emphasized. The work of Stieglitz* 
must be mentioned especially in this connection. Not the least important 
feattire of this view is the possibility of grouping together all chemical 
phenomena. The IV Paper of this series dealt especially with this point 
of view and the Classification of Chemical Reactions developed there shows 
how the principles may be applied to organic as well as to inorganic re¬ 
actions. 

Finally, therefore, the relations pointed out in this paper and a number 
of other facts, some of which have been mentioned in the previous papers, 
have convinced the writers that the polar view of valence (or the valence 
view which considers chemical bonds to be formed by the transfer of cor¬ 
puscles between atoms) is sufficiently broad to enable a satisfactory 
classification of valence phenomena to be developed at present, and it is 
this fact which it is desired to emphasize in this paper in contradistinction 
to the classification of Bray and Branch which involves both polar and 
non-polar valences. Especially in oxidation and reduction reactions 
with organic as well as with inorganic compounds does the unitary view, 
in which the changes are assumed to depend upon the electrical charges- 
of the atoms, show a simpler and more satisfactory classification than does 
the dualistic view which leads to contradictions or to an arbitrary separa¬ 
tion of phenomena fundamentally similar. 

Harriman Rssrakcii Laboratory. Roossvbi^t Hospital, 

Organic Laboratory, Columbia Unxvkrsity. 


The Nature of the Forces Holding Atoms in Combination .—The magnitude 
of electrical forces in comparison with that of gravitation, which seems to- 
be the other force most worthy of consideration, makes it seem quite im¬ 
probable that the atoms of such compounds as hydrochloric acid, hydriodic 
acid and water are held together by electrical forces while those of meth¬ 
ane and ethane are held by gravitation or some other non-electrical force. 
From the experiments of E. C. Franklin, especially, it seems quite clear that 
we have positive hydrogen and negative amide, NH2, in ammonia, just as 
we have positive hydrogen and negative hydroxyl in water. There is. 
considerable evidence that acetylene, H—C=C—H, contains positive 
hydrogen but, if this is true, it is hard to believe that ethane, HaC—CH*,. 
from which it can be obtained by simple reactions, does not also contain 
positive hydrogen. W. A. Noyes. 

' Stieglitz and Cuniie, Bet., 46, 911 (1913). Cirnne, This Journal, 35, 114^ 
(1913). Cf. also W, A. Noyes, This Journal, 35, 767 (1913) and the references to the 
work of others along similar lines given there. 
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WEW CRYSTALLINE SILICATES OF POTASSIUM AND SODIUM, 
THEIR PREPARATION AND GENERAL PROPERTIES. 

Bv Gxorgs W. Mokby. 

Received January S. 1914. 

Of the large and complex group of silicates, those of the alkalies are 
presumably the easiest to study experimentally, and yet our present 
Tcuowledge of them is fragmentary. An investigation was accordingly 
undertaken with the idea of obtaining more definite knowledge of the 
properties of these compounds, as it is evident that from a study of them 
it should be possible to obtain information of value in attacking the larger 
problems relating to the complicated natural silicates. It is the purpose 
of the present paper to describe methods and apparatus used in the prepara¬ 
tion of some new silicates of potassium and sodium, and to point out some 
of their general properties; their physico-chemical relationships, the in- 
i^estigation of which is now well under way, will be taken up in a later 
paper. 

Historical. 

In discussing the present status of our knowledge of the alkali silicates, 
it seems unnecessary, in view of the recent excellent summar>^ by Jacoby,^ 
to take up the rather voluminous literature of the subject in extenso. 
Moreover, we shall consider in this paper only work carried out in the wet 
■way; first, because the new experimental work here recorded deals entirely 
with tlie system alkali silicate and water, and secondly, because the other 
side of the subject has already been discussed by Niggli^ in his paper on 
the system alkali carbonate and silica. 

Up to the present time, no well-defined crystalline silicate of either 
potassium or sodium has been prepared in the wet way. It is true that 
•several authors have described crystals of hydrated sodium metasilicate 
•obtained from aqueous solution at ordinary temperature, but the observa¬ 
tions recorded are not thoroughly concordant. Thus Petersen® describes 
a monoclinic substance containing 5 molecules of water; Fritsche^ describes 
in detail triclinic crystals containing 6 aq., and also a compound contain¬ 
ing 9 aq.; York® reports 7 aq.; several observers have reported 8 aq., 
including von Ammon,® who describes the monoclinic crystals which he 
obtained; Jordis^ found 6-^12 aq.; and Vesterberg® found 9 aq. and, from 

‘ Cinelin-Kraut, "Handbuch der anorganischen Chemie," 7 Auflage, Bd. Ill, 
Abt. I, pp. 222-3 and 229-34 (*909)- 

* P. Niggli, This Journal, 35, 1693-1727. 

3 Petersen, Ber., 5, 409-11, 

♦ Fritsche, Pogg, Ann., 43, 135 (1838). 

• York, Trans. Roy Soc. London, 1857, 533-42. 

• von Ammon, Inaug. Diss., Gottingen, 1862. 

^ Jordis, Z. anorg. Chem., $ 6 , 305 (1907)* 

* Vestetherg, Orig. Comm. VIII Intern. Congr. AppL Chem,, 2, 235-9. 
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dehydration experiments, concluded that hydrates containing 3 aq. and 
6 aq. also exist. Furthermore, both Jordis and Vesterberg made experi¬ 
ments with sodium silicate solutions containing a great excess of alkali— 
in one case 14 NaaO to i Si02—^but they obtained no crystals richer in 
alkali than the metasilicate. 

From this there seems to be no doubt that Na2Si03 forms several crys¬ 
talline hydrates; none of these, however, have been encountered in the 
work described in this paper. The question of the composition and 
range of stability of each of the possible hydrates is still an open one, 
and can be answered only by an investigation undertaken with this specific 
purpose in view. 

Aqueous Solutions, —The alkali metasilicates, as ordinarily prepared, 
are largely hydrolyzed,* the silica separating in colloidal form.* It must 
be emphasized, however, that conclusions in regard to the relative strength 
of silicic acid, based on the apparent degree of hydrolysis of such solutions, 
are not necessarily valid; indeed, there is ground for the belief that silicic 
acid is considerably stronger than has generally been supposed, just as 
is the case with aluminic acid,* In any case, solubility experiments, 
such as those made by Vesterberg,^ are meaningless, because the phenome¬ 
non is one of decomposition. When, for instance, hydrated sodium meta¬ 
silicate is treated with water, the first infinitesimal portion dissolved is 
immediately decomposed with the formation of colloidal silica, and the 
process will go on until some more or less definite end point is attained; 
but this presumed equilibrium is in no way determined by the real solu¬ 
bility of the sodium silicate itself. 

A number of investigators have obtained products containing from 
two to four, or more, molecules Si02 to one molecule alkali oxide, but 
the preparative methods used are, in every case, open to question, and the 
products were, without exception, amorphous. Most of the methods 
fall into two classes: fi) precipitation with alcohol, and (2) determina¬ 
tion of the ratio alkali oxide: silica in the satmated solution. The first 
method, by which, e, g., Forchhammer* obtained products of the gross 
composition K20.2Si02, K20.8Si02, and Na20.3Si02, was shown by Ord- 
way® to lead to wholly erroneous conclusions, because the composition 
of the precipitate depends on the concentration of the solution, the pro¬ 
portion of alkali present, and the amount of alcohol added, and varies 

> Loomis, Wied, Ann., 60, 533 (1897); Kahlenberg and Lincoln, J. Phys. Chem., a, 
77 (1898); Kohlrausch, Wied. Ann., 47, 756-^4 (1893); Z. pkysik. Chem., 12, 773 (1893). 

* Jordis, Z. anorg. Chem., 56, 297 (1907); Mylius, Atti. VI Congr. Intern. Apfd. 
Chem., I, 682 (1907) ; Kahlenberg and Lincoln, loc. cit. ; Kohlrausch, Loc. cit. 

® Blum, This JotmNAL, 35, i499-'i505 (1913)- 

* Vesterberg, loc. cit. 

* Forchhammer, Pogg. Ann., 35, 343 (1835). 

* Ordway, Am. J. Set., [a] 33, 27-36 (1862). 
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contiliually with variation of any of the above factors. That the second 
meth<^ should lead to equally unreliable conclusions is obvious, so that 
the wide discrepancies between the results of various observers are to be 
expected. Kohlrausch/ however, from conductivity determinations, 
concluded that Na20.2Si02 was the richest in Si02 of any compound of 
Na20 and Si02 existing in aqueous solution, and that solutions of the meta¬ 
silicate contain NaOH and Na2Si206. 

To sum up then: our knowledge of the sili¬ 
cates of sodium and potassium up to the ^ 
present time has been limited to the facts 
that these silicates, as they have ordinarily 
been prepared, dissolve in water, forming 
solutions which are largely hydrolyzed, and g 
in which most of the silica exists in colloidal 
condition; and that fjodium metasilicate 
forms one or more crystalline hydrates. C 
Experimental. 

The experimental work was carried out by 
the so-called hydrothermal method, the sub- ^ 
stances being treated in closed bombs with 
water at high temperatures, and at tlie con- ^ 
sequent high pressures. The apparatus used 
has been completely satisfactory; its con¬ 
struction is simple, it is easy to manipulate, 
and it secures absolute freedom from leak— 
over 200 expeximents have been made with- p _ 
out a single leak—a condition which, com¬ 
bined with the reliability of the temperature G 
determinations, insures the reproducibility* 
of the results. 

Construction of the Bombs ,—^The construc¬ 
tion of the bombs is shown in Fig. i, which 

is drawn to scale. Each bomb consists es- _ 

sentially of three parts, namely, the body |—j—j—j—jj^ 

Ef the plunger C, and the screw plug 5 , cms 

all made from tool steel.* The body is showing the con- 

made from a cylinder 3 inches in diameter section of the bomb used, 
and 8 inches long, by boring out a i^/a inch hole to form the chamber; 

^ Loc, cit. 

* The importance of thorough control of the conditions, especially of the degree 
of hlling (the concentration of water in the total space within the bomb) and the tempera¬ 
ture, has been demonstrated in a previous pap>er (Morey and Niggli, This Journai^, 
35f 1086-1130 (1913). 

* Procured from the Halcomb Steel Co., Syracuse, N. Y. 
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this hole is enlai^ed at the top so as to receive the parts by which closure 
is eifected. For about V4 inch above the shoulder, at Z?, the hole isfcylin- 
•drical; above this up to where the screw thread is cut it tapers slightly, 
•so as to allow the plunger to be more easily unseated. Strong threads 
•of the type shown are cut in bomb and plug, the end of each of which is 
-suitably squared off so as to allow one to place the bomb in a vise and screw 
the plug down hard by means of a wrench.^ 

Between the screw plug and plunger is a steel washer which ensures 
that the plunger does not rotate while the plug is being screwed down. 
The lower part of the plunger fits tight into the bomb at D ; its upper part 
is a V2 inch rod, which passes with a clearance of about V32 inch through 
washer and plug. The projecting portion of this rod is threaded and fitted 
with the nut A\ the main purpose of this feature is to aid in unseating 
the plunger when the bomb is to be opened. There are several advantages 
in making the head of the bomb as shown, instead of making it in one 
solid piece. By having the plunger separate and separated from the screw 
plug by a washer, all turning moment on the copper washed D is eliminated, 
thus making it easier to obtain a perfectly tight closure. Another im¬ 
portant point is, that if experiments are made in which on cooling there 
may be a residual pressure, one can first unscrew the plug slightly and 
then, by means of the nut A, unseat the plunger, thus, by relieving the 
pressure while plug and plunger are still securely held by the remaining 
threads, obviating any chance of accident from this source. 

Imprisoned in the annular space between the plunger and the body 
•of the bomb is the fiat copper washer Z), Vie inch thick, by means of which 
the joint is made tight.* The washer is always softened by annealing in 
a flame before use. It is prevented from flowing either upwards or down¬ 
wards into the chamber of the bomb by the special form given to the 
plimger, which, as noted above, is made to be a good fit into the bomb 
just above and below D, It is essential that the copper be imprisoned 
in such a manner, otherwise it will flow at the high temperatures and 
pressures, thus giving rise to a leak; which in hydrothermal work, as has 
Ibeen pointed out in a previous paper,® cannot be tolerated. As an addi¬ 
tional precaution to insure a perfectly tight closure, two knife edges, 
(not shown in the figure), about 60® and Vei inch high and of slightly 
•different diameters, are turned, one on the shoulder of the bomb, the other 
•on the corresponding portion of the plunger. In order to be able to bring 
out the washer with the plunger, instead of leaving it within the bomb 
<in which case its removal is difficult), the lower portion of the plunger, 

‘ A wrench 2 feet long suffices. 

^ This type of closure has for some time been successfully employed by Johnston 
and Adams as a means of holding in very high presstues. 

* Morey^and Niggli, This Journal, 35i 1086-1130 (1913)- 
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whicl| projects into the chamber, is made not exactly cylindrical but is 
cut ii\ward so as to form a truncated cone of slight angle. 

The charge is placed in a crucible G of gold, which rests on the bottom 
of the bomb. Experience has shown that under such conditions the charge- 
(at least with neutral or alkaline solutions such as we are dealing with 
here) is not contaminated by the iron of the bomb, so that a lining is un¬ 
necessary. Moreover, this method, besides being cheaper and avoiding 
a difficult piece of construction, facilitates greatly the manipulation, 
both previous to, and at the close of an experiment; the product is readily 
accessible and can be quantitatively removed, thus insuring complete 
freedom from contamination. 

Temperature Measurement--Temperatmes are determined by means 
of a thermoelement inserted in the hole F, inch in diameter, drilled 
longitudinally in the wall of the bomb, as shown in Fig. I. Elements 
of copper-constantan are generally employed; the electromotive force 
is measured on a direct reading galvanometer, w^hence, with the aid of an 
appropriate calibration curve, the temperatures are derived. In view 
of the massive construction of the bomb and enclosing furnace and of the 
mode and duration of an experiment, it seems probable that the tempera¬ 
ture throughout the chamber is fairly uniform and that it is indicated 
satisfactorily by the thermoelement junction in the top of the hole F. 
Indeed, experiments have show n that there is no appreciable temperature 
differences at different levels within the thermoelement hole. The tempera¬ 
tures given are, therefore, accurate to =*=5° or better, an accuracy which 
is ample for the purpose in hand; moreover, what uncertainty there is 
can easily be reduced to =*= i as soon as the occasion demands it. 

Construction of the Furnaces .—The construction of the electrical re* 
sistance furnaces used is shown in Fig. II, which is drawn to scale. The 
resistance wire, of “nichrome,*’ is wound on an iron pipe, Z), from which 
it is insulated by three layers of mica composition, such as is used in elec¬ 
trical work. The size and amount of wire are different in different furnaces: 
one is wound with No. 18 wdre to give 300® when placed directly on a 55 
volt line, and takes 5.6 amperes to hold it at that temperature; another 
is wound with No. 16 wire to give 500° when placed directly on a 110 volt 
line, and takes 5.8 amperes to hold it at that temperature; the other two 
are wound with No. 16 wire and are used with outside rcvsistance, thus en¬ 
abling one to secure intermediate temperatures. 

The thermal insulation of the furnace consists of loose magnesia, 
Ej held in place by the sheet-iron shell F, and the asbestos end-pieces 
C; the latter are held in place by the annular iron end-pieces, F, which 
fit tightly on to a slight shoulder cut on either end of the iron pipe 
The whole furnace is mounted in a strap iron frame, 6*, fastened by screws 
to the annular end-pieces B. The frame is provided with trunnions, /„ 
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whidi are mounted on suitable bearings in a support (not shown la the 
figure); by this means the furnace may be rotated about a horf|||ktal 
-axis or inclined at any angle. This style of furnace is easy to conratict 
■and simple in operation; in case a heating element is burned out the fumaoe 



can be dismantled, the ele¬ 
ment replaced, and the 
furnace re-assembled in a 
short time. 

* The bomb ff (shown in 
outline in Pig. 2) rests on 
a graphite plug, K, which 
is held in place by the rod 
L, passing through holes in 
the ears AA projecting 
from the main portion of 
the pipe D, A similar plug 
(omitted from the figure 


for the sake of clearness) 
fills the upper end of the 
tube. The thermoelement 
M passes through a hole in 
the bottom plug, as shown. 

Materials Used, — The 
solid substances used in 
almost all the work con¬ 
sisted of finely pulverized 
glasses, which had been 
made by fusing mixtures 
of quartz and alkali car¬ 
bonate in different propor¬ 
tions. The same com¬ 
ponents were also intro¬ 
duced into the bomb in 
^ other forms: the alkali as 
g chloride, carbonate, hy- 
\ droxide, and as silicate 

glass: the silica as auartz 
Pig. 2 .—Diagram showing the construction of the j ^ 

furnace used. aod as an amorphous pre¬ 

cipitate; but these varia¬ 
tions were altogether without influence on the resultant product. Since this 
is so, it is best to use the (anhydrous) glasses prepared as above described, 
not only because the components are intimately mixed and in a scfluble 
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and reactive form, but also because their use avoids any possible compli¬ 
cations due to the introduction of other components. 

Mode of Experiment .—A quantity of the alkali-silica mixture is weighed 
out into the gold crucible, a weighed amount of water is added and the 
crucible placed in the bomb, which is then closed and set in a furnace heated 
to the desired temperature. After being held at that temperature for a 
certain time, usually 20 homs, the bomb is cooled suddenly by plunging 
into water, opened and the crucible transferred to a desiccator; the entire 
operation can be completed within five minutes after withdrawal of the 
bomb from the furnace. The products are examined microscopically 
and chemically ; crystals, if present, are, when possible, removed and ana¬ 
lyzed. 

Attention is directed to the following details of manipulation: All 
bearing surfaces on the washer and plug, the threads especially, must be 
well lubricated with a mixture of graphite and oil; the graphite by forming 
a coating on the steel surfaces prevents their sticking or welding together, 
as they will do if not lubricated. WTien a bomb is heated to a high tem¬ 
perature, e. g.f 500®, there may be sufficient difference in expansion be¬ 
tween the steel and the copper so that the joint ceases to hold tight when 
the bomb is cooled down again, consequently in such a case care must be 
taken in the cooling of the bomb that the joint is always above the surface 
of the water; otherwise a little water may creep in during the cooling. 

We shall now, after a few words on the analytical methods employed, 
describe the new crystalline products, and proceed to a discussion of the 
behavior of the hydrous alkali silicate glasses obtained in the course of the 
work. 

Analytical Methods .—The analytical methods used in the course of the 
following work were simple. Water was determined by heating in an 
electric furnace at 800®; alkalies were weighed as dilorides, silica as SiOa. 
The samples were decomposed by evaporating with HCl, three evapora¬ 
tions with intervening filtration being necessary for complete separation 
of alkali chloride and silica. The latter was always tested by evapora¬ 
tion with HF; all operations were carried out in platinum vessels. When 
but a small amount of material was available, as was the case in the analysis 
of the K2Si206 crystals, the procedure was simplified. In this case it 
was necessary only to heat as above for the determination of HaO, to 
evaporate twice with HF, followed by double evaporation with HCl 
to convert the fluorides to chlorides; since the only components present 
are water, alkali oxide, and silica, it is perfectly admissible to calculate 
the latter from the loss in weight. 

Crystalline Products. 

'Potassium Hydrogen Disilicate, KaO.H20.4Si02, or KHSi^Ob.—^When 
an anhydrous potassium silicate glass is heated with water, the product 
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•obtained depends on the temperature, amount of water present Xpressure), 
^nd concentration-ratio alkali oxide/silica in the sample of glass. Xf, 
for example, 2 grams of a glass of the composition K20.2Si02 is heated 
with 2 grams H20^ at 400°, the product is a clear, hard, homogeneous, 
hydrous glass. If, however, the amount of water is reduced to less than 
I gram, the product is a mixture of hydrous glass and crystals. The 
crystals obtained under these conditions can be freed from adhering glass 
by leaching with hot water without affecting the sharpness of the crystal 
angles. The same crystals have been repeatedly obtained under a wide 
range of experimental conditions; at temperatures ranging from 200-450 
from glasses ranging in composition ratio from K20/Si02 to K20/5Si0a, 
also when the original components were potassium carbonate and silica. 
Analysis of the crystals, in which each component was determined directly, 
yielded the following results: 

KaO. HaO. SiOa 

Found.26 71% 5 11% 68 16% 

K 2 O.HaO4Si02 requires . 2665% 510% 68.25% 

The crystals then have the composition K20.H20.4Si02, and are, there¬ 
fore, by analogy with the compounds to be described later, considered to 
be potassium hydrogen disilicate, KHSi206. This compound crystallizes 
readily in orthorhombic crystals,^ the density of which is 2.417 =*= 0.002,* 
at room temperature, referred to water at 4°. The crystals are not readily 
affected by water, even by treatment at 100® for several hours; when 
heated with dilute hydrochloric acid they are decomposed, leaving a 
birefringent residue containing only silica and water. ^ The vapor pressure 
of the water in the oystals is very slight; they can be heated in air to 350® 
without losing in weight, but the loss becomes appreciable at 450®. 

Potassium Disilicate, K20.2Si02 or K2Si206.—When anhydrous potas- 
-sium silicate glass of the composition ratio K20/2Si02 is heated at about 
450®, with an amount of water insufficient to give complete solution, 
crystals are formed the optical properties of which, so far as determinable, 
are identical with those of the compound K20.2Si02 foimd by Niggli.* 
These crystals, unlike those of KHSi206, break down immediately in water, 
and absorb moisture very rapidly from the air. On this account it has 
proved impracticable to separate the crystals from adhering glass suf- 
£dently well to provide satisfactory material for analysis, or to make 

^ The data given refer, of course, to a bomb of the capacity (about 75 cc.) given 
above. 

* See crystallographic description by C. N. Fenner, postea. 

* Determined for me by H. E. Merwin by the method described in Am. J. 3 ci., 3a, 
425-28 (1911)- 

* Cf. Rinne, Neues Jahrh. Min. GeoL, 1, 139-48 (1896), This question is bdng 
investigated further. 

® Niggli, This Journal, 35, 1694-1727 (1913). 
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meastirements on the goniometer. In one case, however, the crystals 
were so large that they could be separated from most of the hydrous 
glass by careful selection; the product was still contaminated by a small 
amount of hydrous glass, and weighed only 0.0717 gram. Analysis of 
this material yielded the following results: 

Per cent, by wt. Mol. ratio. 

K20. 39 5 I .000 

SiOa (by diff.). 47.9 i. 894 

H20. 2.6 

The composition ratio of the original anhydrous glass in this experiment 
was 1:1, while that of the crystals is evidently close to i : 2; some amount 
of water and a slight excess of K2O are to be expected from the circumstance 
that the cr\"stals could not be entirely freed from hydrous glass. This 
analysis is not absolutely conclusive, but the correctness of the formula 
K20.2SiC)2 is further demonstrated by two distinct lines of argument. 
First, this product, obtained from hydrous solutions in the neighborhood 
of 500°, is identical with the product obtained from dry melts in the neigh¬ 
borhood of 1000° by Niggli. Second, evidence obtained in the course 
of an extensive series of experiments on the temperature-pressure-solu¬ 
bility relations in the system K20:Si02:H20 points to the formation of 
this compound; this evidence will be presented in a later paper. The 
range within which this compound is stable is now being investigated; 
present experience indicates, in general, that at higher temperatures it is 
more stable than KHSi205, and that excess of potash is more favorable 
to its stability at lower temperatures than is excess of silica. 

Sodium Disilicate, Na20.2Si02, or Na'iSW^B.—When anhydrous glasses 
composed of Na20 and Si02 are used in place of potassium silicate glasses, 
the products obtained are quite different. When a glass of the composi¬ 
tion ratio Na20/Si02 is heated witli considerable water above 400®, a 
homogeneous glass can be obtained, as in the potassium system, though 
the sodium systems have a considerably smaller solubility than the cor¬ 
responding potassium systems. 

When, however, a glass of the above composition ratio is heated at 
300® with an amount of water insufficient to give complete solution, 
crystals are obtained which, in optical properties,^ resemble KHSi206 
and K2Si2C)6 and which resemble the former compound also in that they 
can be purified by leaching with water; but on prolonged contact with 
cold water they are decomposed, leaving a residue of hydrous silica. 
An analysis in which each component was determined directly, made with 
a sample of selected crystals of this compound, weighing 0.1701 gram,, 
yielded the following results: 

* See crystallographic description by Fenner, posim. 
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Per cent, by wt. Mol. mtlo. 

Na *0 . 33 69 1.000 

Si02. 65.52 1.999 

H20. 0.67 


99.88 

This compound is, then, sodium disilicate, Na2Si206, analogous to the 
above potassium salts. It was also obtained at higher temperatures 
when using glasses whose composition ratio Na20/Si02 was less than 
unity. 

Sodium Metasilicate, Na20.Si02, or Na2Si03.—A second crystalline 
compound formed in the system Na20 : Si02 : H2O is the metasilicate, 
Na^SiOs. When a glass of the composition ratio Na20/Si02 is heated 
with water at temperatures above 400°, crystals are formed whose isola¬ 
tion is difl&cult because they are decomposed very rapidly by water. 
Because of this circumstance the separation of pure unattacked crystals 
was not possible, but that they are anhydrous sodium metasilicate follows 
from several distinct lines of argument. First, when a glass of the compo¬ 
sition ratio Na20/Si02 is heated at 500® with but a small amount of water, 
the product is wholly crystalline and practically anhydrous. Second, 
in some experiments in which more water was used, masses of crystals 
were obtained, together with a thick viscous solution. The crystals 
were freed as well as possible from the very viscous solution by pressing 
between filter paper; yet under the microscope they still showed a thin 
<x>ating of solution. Analysis of a sample of these crystals weighing 
0.1397 gram yielded the following results ; 

Per cent, by wt Mol. ratio. 


NajO. 49-72 « 000 

SiOj. 47 -8? o 990 

HsO. i.65 


100.24 

"The crystals are evidently anhydrous sodium metasilicate; the small 
amount of water present, and the slight deficiency in silica, are to be 
■ascribed to the presence of the small amount of viscous solution men¬ 
tioned above. Third, the optical properties of these crystals separating 
from aqueous solution at about 500° appear to be identical with those of 
the crystals of anhydrous sodium metasilicate obtained from dry melts 
by Niggli. 

The "Solubility" of the Alkali Silicates —^As we have noted above, 
KHSijOs and Na^SisO, ate not readily affected by water, while K,Si,Oi 
and Na,SiOi are decomposed very rapidly. But from these facts one 
-can draw no necessarily valid conclusions as to their real solubility, i. 

-as to the equilibrium between a solid of definite composition and the same 
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substance in a solution saturated with it. The process is one of decompo¬ 
sition, the rate of which differs from one to another of the above four 
substances; it may be that the real solubility is roughly parallel to the 
rate of decomposition, especially when the latter is small, but this kind 
of reasoning must be employed with caution. This topic will be reverted 
to when the equilibrium relations at high temperatures shall have been 
more definitely ascertained. 

General Remarks. —Attempts to prepare the compound NaHSi205, 
analogous to KHS^Os, were unsuccessful, as were also all efforts to ob¬ 
tain crystals of K 2 Si 08 . In this connection it is interesting to note that 
Niggli^ found that at higher temperatures in the systems K 20 -'Si 02 -C ()2 
and Na20-Si02-C02, the stable alkali silicates are; in the potash system, 
K2Si208 and K2Si03; in the soda system, NaaSiOa and Na4Si04; increase 
in temperature in both cases favors the second form. This is in complete 
harmony with the hydrothermal results; in the potash system at the lower 
temperatures KHSi206 is stable and increase of temperature favors first 
K2Si2()6, then (presumably)’^ K2Si(J8; in the soda system at lower tempera¬ 
tures Na2Si206 is stable, and increase of temperature favors first Na2Si03, 
then (presumably)* Na4Si()4. 

Remarks on the Disilicates. —^I'he ease with which the disilicates of sodium 
and potassium can be formed hydrothermally is in striking contrast to 
the rarity of the occurrence of minerals which can, with any degree of 
certainty, be considered essentially as disilicates, that is, as salts of the 
hypothetical acid H2Si206. The only mineral that is unquestionably 
a disilicate is rivaite, (Ca, Na2) Si 206 , described recently by Zambonini,*' 
which occurs very sparingly among the ejected blocks at Vesuvius. The 
hydrous minerals okenite and apophyllite furnish a ratio of Ca 0 /Si 02 
which is that of a disilicate, the composition of the latter being somewhat 
complicated by the presence of potassium and of more or less fluorine. 
Both of these may possibly be regarded as hydrated disilicates. In the 
text-books the very rare petalite, LiAl(Si2<)5)a and milarite, HKCa2Al2- 
{Si206)6 are cited as disilicates, as are the zeolites ptilalite and mordenite, 
if we accept Clarke’s interpretation of their constitution. All of thcvse, 
however, contain alumina, and there is at present no assurance that it 
would not be equally rational to regard them as derivatives of alumino- 
silicic acids. 

Non-crystalline Products. 

Preparation of Solid and Pasty Glasses. —W^en alkali silicate glass is 
heated with water, the product obtained depends on the temperature, 
composition ratio alkali oxide/silica in the original glass, and concentra- 
1 P. Niggli. Thi.s Journal, 35, 1693-17-7 (1913)* 

® Inferred from analogy with the results obtained by Niggli. 

® F. Zambonini, Aiti accad. Sci. Nap.. la, No. 12, 16 (1912). 
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tion of the water (pressure). ‘The quantitative relations of these factors 
have not yet been ascertained, but a number of interesting qualitative 
observations have been made. When, for example, about 2 grams of 
an anhydrous glass of the composition ratio K20/2Si02 is heated with 
from 1-5 oc. water, the cooled product is a hard homogeneous glass con¬ 
taining considerable water (from 8 to 25%), the amount depending on 
the temperature and initial concentration ratios of the components. 
As the amount of water present is increased, the amount in the glass 
increases, in general accord with Henry's law. As the water content of the 
glass increases above 25%, the product passes gradually, and continuously, 
from a hard, brittle glass to a very stiff paste and finally to a very viscous, 
solution resembling ordinary water glass. This is a striking illustration 
of the fact that a glass is merely a supercooled liquid. 

That the hard glasses were liquid at the temperature of the experiments 
was proved in a number of ways. One way was to tip the bomb to one 
side, to an angle of about 15°, while heating, and to the other side while 
cooling; the glass was foimd to be collected on the side of the crucible 
which was lower during the cooling. When the concentration of the water 
was reduced to such an extent that some crystals were formed, they re¬ 
mained on the side of the crucible that was lower during the heating, while 
the solution in contact with them flowed away and froze solid on the side 
that was lower during the cooling. 

It is, therefore, established conclusively that liquid solutions, containing 
water and alkali silicate, may exist in equilibrium with solid and vapor 
at temperatures up to 500®. It should also be pointed out that these 
hydrous glasses, liquid at the temperature of the experiment, may be 
regarded as fused mixtures, the melting point of the alkali silicate having 
been greatly lowered by the addition of water. For example, K2Si20s 
melts at about 1015®, but addition of about 8% of H20^ lowers its melting 
point to about 500®. It is probable that the system alkali silicate and 
water belongs to the type in which the solubility curve is not intersected 
by^the critical curve but discussion of this phase of the problem is post¬ 
poned imtil quantitative experimental results can be presented in detail. 

Preparation of Pumiceous Glasses .—^The glasses just described were ob¬ 
tained under the previously mentioned experimental conditions, that is, 
the gold crucible containing the charge was placed in the bottom of the 
chamber of the bomb, and cooling was effected by plunging the bomb 
suddenly into cold water, bottom first; under these conditions rapid cooling 

^ It is evident that the system will be at the pressure corresponding to the vapor 
pressure of the solution; reduction of pressure at constant temperature will result 
ultimately in solid and vapor. 

* Cf. Morey and Niggli, This Journai., 35, 1086-1130 (1913), and the papers by* 
Smits and by Niggli, referred to therein. 
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with the charge cooling as rapidly as, or more rapidly than, the 
^vapor phase above. If, on the other hand, the crucible is supported near 
theitop of the chamber, in such a manner (e, g., on a porcelain tube) that 
its heat is conducted away less rapidly, the phenomena are very diflFerent. 
In this case the wall and vapor space are cooled more rapidly than the 
water-containing mixture in the crucible; consequently rapid diminution 
•of the total pressure sets in, as a result of which the water in the liquid 
mixture suddenly expands, carrying with it, and at the same time freezing, 
the non-volatile portion of the charge. This produces a light, porous 
pumice of nearly anhydrous material. In other words, when the solution 
is cooled without release of pressure the product is a clear, homogeneous 
glass; when the total pressure in the bomb is suddenly diminished, the 
outburst of vapor causes the formation of pumiceous material. 

Behavior of the Hydrous Glasses when Heated in Air, —A noteworthy 
property of the clear, homogeneous, hydrous glasses is exhibited when they 
are heated in air. If a fragment of this glass the size of a pea is placed 
in a 30 cc. crucible and heated over a flame, the substance swells enorm¬ 
ously, often overflowing the crucible,^ the swelling continuing until most 
of the water has been driven off. The resulting sponge, the general ap¬ 
pearance of which is similar to that of the pumiceous glasses described 
above, is composed of vesicles of alkali silicate glass, often with walls 
thin enough to show interference colors. 

Crystallographic and Optical Properties. 

By C N PBNNBit 


Potassium Hydrogen Disilicate, KHS^Ob.—T he crystals obtained w^ere 
generally of fair size and in one instance sufficiently large for goniometric 
measurements; crystal outlines w'ell developed. The habit of the crystals 
used for goniometric work is shown in Fig. 3. Measurements gave 
the following results: 001 A 100, 90® o'; looAiio, 52° 32'; iioAiio, 
74® 56'. In other preparations additional faces were sometimes present, 
especially macro- and brachy-domes (loi and on), but in such cases 
the crystals were too minute for goniometric manipulation. Measure¬ 


ment with the microscope gave for looAioi, 
6 o®h 32®. 

The habit of the crystals varied considerably. 
Commonly they were elongated parallel to the 
vertical axis, but it was not unusual for them 
to show tabular flattening parallel to 001 or to 
too. Cleavage was well-developed parallel to 
front and side pinacoids. 



Fig. 3 .—KHSiiOb. 


The optical orientation is shown in Fig. 3. As indicated, the crystals 


* Barus, Am. J. Sci., [4] 9, 161-75 (1900), has described a similar phenomenon. 


which doubtless is to be explained in the same way. 
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are biaxial, positive. The refractive indices, as determined by the kn» 
mersion method, vary somewhat in different preparations, perhaps owing 
to a slight solvent action of water in abstracting K2O; a « 1.480 - 1.495^ 
^ 1-530 ^ 1-5351 higher values are probably more nearly correct* 

Average of a number of determinations of optic axial angle give for 2E 
69V2®. The crystals are evidently orthorhombic. 

Friedel and Sarasin,^ in hydrothermal experiments, obtained a hydrated 
silicate of potassium, whose crystallographic properties agree closely 
with the above. 

Potassium Disilicate^ K2Si206.—^The crystals of this compound are difficult 
to work with, as they deliquesce rapidly and also enter into reaction with 
the immersion liquids. Some of their properties have been described 
in connection with a previous investigation by P. Niggli.^ The crystals 
obtained in the present investigation were rather larger, and at times 
were free from any adherent material, such as glass. It was possible, 
therefore, to obtain additional information. In a number of prepara¬ 
tions the crystals were sufficiently large for goniometric work, but their 
hygroscopic character prevented such determinationsbeingmade. Measure¬ 
ments were, therefore, confined to those which could be made with the 
microscope. 

The crystals showed tabular habit, and under a binocular appeared 
as pearly scales, similar to Fig. 4. The cleavage parallel to the flat 
face is micaceous. There is also a strong cleavage parallel to the axis 
7 and another less well developed parallel to Frequently, contact 

with the index liquid develops a re¬ 
ticulated effect approximately parallel 
to a. The crystal faces bounding the 
plates are shown in Fig. 4, but the 
predominance of one or another set 
of faces varies among different crys¬ 
tals, so that the outline may become 
quite different. Frequently they are 
lozenge-shaped. The crystals lying upon the flat ’face show the 
emergence of an acute negative bisectrix. Axial angle is rather large 
(just beyond limits of field of an objective having numerical aperture of 
0.95). Indices of refraction are a little imcertain because of reactions 
with the immersion liquids, but jS is very close to 1.500. The crystals 
are apparently orthorhombic. 

Sodium Disilicaie, Na2Si206.—Usually in scaly crystals, of form shown 
in Fig. 5; very pearly lustre on face 100; cleavage micaceous parallel 
to 100, good parallel to axis 7. A number of crystals were measured on 

^ Friedel and Sarasin, BuU. soc. min., 4, 171 (1881). 

* P. Niggli, This Journal, 35,1693 (1913). 
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goniotneter, but signals were multipk or indistinct, and results are only 
approximate. Values obtained were: iioaTio *= 31V2®; on Aoii = 60®. 
Habit sometimes elongated as shown, sometimes as nearly regular hexagons. 
Parallel extinction; negative optical charac- 
ter. Average of a number of measurements 
of optic axial angle gave 2 E = 105®. In- . , 

//<> ^ //o 

dices of refraction a = 1.500, 0 = 1.510, ^^ 

y = I- 5 I 5 * 

Sodium Metasilicate y NaS^Og.—These crys¬ 
tals rarely showed good crystal outline. They 
were usually more or less acicular, with 
fibrous cleavage parallel to elongation. 5—NatSi^Oi 

These forms showed parallel extinction, 

and elongation was always 7; a was perpendicular to elongation. To 
judge from the manner in which the brushes of the optic figure disap¬ 
peared upon rotation of the stage, 7 is the acute bisectrix and the crystals 
may be uniaxial. As the compound is soluble in water the crystals could 
not be isolated from the pasty glass in which they were imbedded. The 
mean index of refraction was about 1.510. In one preparation well- 
formed individual crystals appeared, which were believed to be the same 
compound, though this is not quite certain. These were perfect hexagonal 
prisms, terminated by pyramids. The crystals lay upon their sides and gave 
an optic figure perpendicular to one of the axes of elasticity. The brushes 
always disappeared in the direction of elongation, which was 7. The 
same sort of figure was obtained when the crystals were rolled over in the 
thick mother liquor so as to rest upon anotlier side, so that the mineral 
was probably uniaxial, positive. The interior angle of the terminating 
pyramid of these crystals was about 126®.^ 

Summary. 

Hitherto, no well-defined crystalline silicates of potassium or sodium 
have been known. Several hydrated forms of sodium metasilicate have 
been described, but require further investigation, since their composition 
and range of stability are uncertain. None of these hydrated forms 
appeared in the course of the present investigation, which deals with the 
relations of the silicates of potassium and sodium with water at high tem¬ 
peratures and at the consequent high pressures. 

In the investigation of such hydrous systems at high temperatures, 
reproducible results can be attained only if tlie conditions of experiment 
are carefully defined and controlled; in especial the concentration (pres¬ 
sure) of the water must be definite—^in other words, leaks cannot be toler¬ 
ated. The apparatus and methods described in the foregoing pages fulfil 
^ Compare crystals of NaiSiOa obtained from fusion by P. Niggli, This Journal, 
35 * 1693 (1913). 
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the various requirements admirably; in a series of over 200 experi|i&nts 
no sign of leak has been observed. ^ 

Four new crystalline alkali silicates—^namely, KaSiaOs, KHSiaOa, NapSiaOs 
and NaaSiOa—^have been prepared. Of these the first three are dfsriva- 
lives of disilicic add; they all form orthorhombic crystals, but differ 
markedly in their behavior toward water. KaSiaOs is quickly attacked 
by water, NaaSiaOs less readily, while KHSiaOs may be left in contact 
with water, even for some hours at 100®, without appreciable decomposi¬ 
tion. The fourth compound is anhydrous sodium metasilicate^ which 
is readily attacked by water; this compound has been known heretofore 
only as a somewhat indefinite hydrate. 

In addition to the crystalline products, a series of hydrous glas.ses was 
obtained. These glasses are merely supercooled liquids, each of which 
represents the composition of a solution unsaturated under the conditions 
of experiment. They are perfectly hard, even though they contain up 
to 25% water; when heated in the air they lose their water, swelling up 
in the process in a sponge-like structure often with extremely thin vesicular 
walls. 
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While the past twelve months have witnessed no startling developments 
in the field of inorganic chemistry, there has been no diminution in volume 
of work. Perhaps the two strongest tendencies are (i) to go over old 
work with modem methods and in the light of modem theories, with re¬ 
sulting confirmation or otherwise, and (2) to project new theories into 
wider fields to test their applicability and breadth. This has been notably 
the case with Werner’s ideas in their application to complex compounds. 
Here there has been no such remarkable discovery as that of two years 
ago regarding the optical isomerism of inorganic compounds, nevertheless 
there has been an increasing use of these ideas in the explanation of the 
constitution of compounds which are inexplicable by any of the older 
theories; as for example Weinland’s work on basic salts and that of Rosen¬ 
heim on the poly-acids of molybdenum, tungsten, etc. Continuing his 
work on the ferric acetates, where the dominating kation contains three 
ferric atoms and six acetate groups (hexacetato-triferri base), Weinland 
has studied (Z. anorg. Chem,, 402) the compounds formed by the action 
of pyridine on a solution of a ferric salt in anhydrous acetic acid. Differ¬ 
ent compounds are formed according to the proportions used, but the 
characteristic point is that the ratio of iron to acetate in the kation changes 
with the entrance of pyridine from 3:6^213. A typical formula 
^ [ (CH3C02)6\*^^-^^ 

is I Fe4 { 3 pyr ) , though other kations are formed containing 

^ i (0H)2 / 
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4, 5/and 6 molecules of p3aidine. In a later paper (Ber., 46, 3144) Wein- 
land gives the action of sodium formate on ferric salts, ^^en the formate 
is in large excess the salt of the hexaformato-ferric acid is obtained, 
Na8Fe(HC02)6, corresponding to ferricyanides, etc. This anion is pale 
green, resembling in this respect the ferrioxalate ion, Fe(C204)3. If, 
however, in mixing the ferric salt and sodium formate, the latter is not 
in large excess, the kation of a hexaformato-triferri base is formed, 
(Fe8(HCOB)6)(OH)3. This is deep red and is the cause of the color when 
a formate is added in small quantities to a ferric solution. In inter¬ 
mediate solutions there is present the equilibrium, 

3Na3Fe(HCOo)6 + 2 H 2 C) 

(Fe3(HC02)6)(HC02) + qNaHCOz + 2 H.HCO 2 . 

(0H)2 

Since both acid and base are trivalent, a number of different salts con¬ 
taining both can be obtained, as for example: (Fe3(HC02)6)(Fe(HC02)6) 
and (Fe(HC()2)6)3(Fe(HC()2)6). By using a large excess of sodium for- 
(()H )2 

mate with chromium salts a hexaformato-chromate, Na8Cr(HC02)6, was 
obtained. This salt is green-violet and corresponds to the chromoxalates, 
perhaps more properly named, oxalato-chromates. In this connection 
mention may also be made of the ferric urea compounds described by 
Barbicri {Aiii accad. Lined, Rome, [5] 22 i, 867) which have the formula 
Fe(CO(NH2)2)6*X3, and are isomorphous with the corresponding chrom¬ 
ium urea compounds, but less stable; and of the compounds of platinous 
chloride with aminoacetal described by Tsehugajew {Conipi, rend,, 155^ 
1021). These have the formulas, Pt{2A)Cl2, Pt(4A)Cl2, and Pt(2A.- 
2NH3)Cl2 (A — NH2.CH2.CH(0C2H&)2). Isomers to the last salt could 
not be obtained. The compounds of platinum with thio-bases will be 
considered farther on. The work of Rosenheim has been extended to 
include the dekamolybdates (Z. anorg, Chem,, 79, 292), which seem to 
exist in two isomeric forms, differing greatly in solubility, and the organic 
arseni-molybdates {Her., 46, 539), or again better called from their consti¬ 
tution, molybdato-alkyl (or phenyl) arsinates. Guanidinium salts proved 
themselves here, as frequently in the study of other polyacids, best suited 
to the study of the basicity of the compounds, and were formed by adding 
guanidinium chloride to the solution of cacodylic or otlier arsinic acid 
saturated witli molybdic oxide. It is interesting to note that in these 
polymolybdic acids a portion of the molybdic trioxide or heptoxide can 
be replaced by alkyl, phenyl, or even substituted phenyl groups. Another 
line of investigation which has at least an indirect bearing on Werner’s 
ideas is that of Ephraim (partially reported last year) on “Nebenvalenz,” 
perhaps most correctly translated secondary valence (Z. physik, Chem,, 8i^ 
5i3» 539; 83, 19b; Her,, 46, 3103) Ephraim has studied particularly the 
ammonia compounds (ammoniates) of the halides of bivalent metals, 
and has endeavored to measure the strength of the secondary valence 
which holds the ammonia by measuring the vapor-pressure of these am¬ 
moniates. He finds that the affinity of ammonia for the salt is the greater, 
the less the atomic volume of the central metal; the expression 
in which v is the atomic volume of the metal and T the dissociation tempera¬ 
ture, being nearly a constant. There is also a constant relation between 
the dissociation-temperatures of most of the ammoniates of chlorides 
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and those of the corresponding bromides, iodides, and sulfates. The 
ammoniates appear to diner from hydrates in that ^e ammonia is given 
oEF molecide by molecule, while intermediate hydrates of salts are frequently 
lacking; but this Ephraim thinks is merely apparent, and that it is only 
owing to their solubility relations that all possible hydrates are not real¬ 
ized in solid form. Biltz, however (Z. physik. Chem*, 83, 688 ) denies the 
conclusion which Ephraim has drawq from his experiments, that ammonia 
is given off molecule by molecule, and presents experimental evidence 
that Ni(NHj)6Cl2 passes directly into Ni(NH8)2Cl2 without the formation 
of any intermediate ammoniate. In his last paper, Ephraim comf>ares 
the dissociation-temperature of ammoniates with that of ammonium 
salts, finding a marked similarity, and draws the conclusion that ammonium 
salts may be looked upon as ammoniates of hydrogen salts, i, e., acids. 
This is, of course, what Franklin has already found to be true in respect 
to ammonium salts dissolved in liquid ammonia. Ephraim also finds 
a parallelism in the dissociation-temperature of phosphonium com¬ 
pounds, which may from this standpoint be written, H(PH 3 )C 1 , etc. 

In determining whetlier a given salt is to be considered as *‘double*’ 
or “complex,** Dhar (Z. anorg, Chem,y 80, 43) would use molecular conduc¬ 
tivity as a criterion, relying upon the fact that this is dependent on the 
velocity of the ions and the latter in turn is strongly influenced by the 
size of the ion. He presents the measurements of a long list of salts, 
which show that many of the complex ions are very stable even at great 
dilution. Ephraim, however, points out {Fortsckritte Chem,, 8, 198) 
that these results indicate merely whether the complex is stable in dilute 
solution, and not whether the complex really exists or not under other 
conditions, c. g., at greater dilution or in other than aqueous solutions. 

In the first of a series of studies on chemical crystallography (/. Chem, Soc,, 
101, 2484), Barker calls attention to the value of Werner’s coordination 
theory in explaining many otherwise inexplicable anomalies of isomorphism. 
Among a number of examples cited we may note as examples: CuTiFe.- 
4H2O, CUC0OF6.4H2O, CUWO2F4.4H2O, which according to the coordina¬ 
tion theory, would be written, (TiF6)Cu + 4H2O, (Cop )Cu + 4H20, 
(WppCu + 4H2O; and MnCl2.4H20, Na2GlF4, which would be written 

{Mn4H20)Cl2, (GlF4)Na2. It seems rather remarkable that such a work¬ 
ing out of the application of the coordination theory to crystallography 
has not been undertaken long ago. In this connection it is worth while 
to call attention to the plea of von Fedorov (Z. KrysU Min., 52, 22) fot: 
a more complete study of the chemical molecide in its spatial relations, 
Mrith reference to the crystal molecule and its symmetry. 

In a Russian text-book (abstract in ZentrbL Min, GeoL, 1912, 758), 
Wemadski has given a table of 106 minerals which consist of native de¬ 
ments. The fact that 5% of all minerals are not stoichiometric conqxnmds, 
but either free dements or homogeneous mixtures of dements, points to 
a peculiar chemical condition of the earth’s crust. Many things favor 
a destruction of chemical compounds; as for example the fact that in vd- 
canic extrusions many dements are in gaseous condition, a state peculiarly 
susceptible to the action of electric phenomena, of ultraviolet lig^t and 
radioactive emanations; and the fact that in cosmic solutions, in which 
many dements are present in exceedingly minute amounts, there is no 
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possibility of all being united in stoichiometric compounds. In every 
smallest portion of the earth’s crust many, if not all, the elements “may be 
found, when sufficiently exact analytical methods shall be devised. The 
concentration of these elements is infinitesimally low, and the author speaks 
of them as being in a microcosmic mixture. Most minerals composed 
of native elements are “rare,” and altogether they make up hardly 0.1% 
of the earth’s crust; still not less than 47 of the known elements occur in 
native condition. Possibly Wernadski’s microcosmic mixture may prove 
to be identical with colloidal solid solution, or merely colloidal solution 
in the case of sea-water. This idea of a solid colloidal solution is brought 
out by von Veimam in a paper on the condition of gold in gold quartz 
(Z. Chem, Ind, Kolloide^ 2, 287). Such quartz is milk-white and trans¬ 
lucent and the gold must be in super-ultramicroscopic condition; this 
colloidal condition may be ascribed to the action of silicic acid as a pro¬ 
tective colloid. We may also note that Merrill {Am, J, Set., [4] 35, 509) 
has gone over much of his former work on the chemical constituents of 
meteorites, using most modern methods in searching for the elements 
present in minute quantity, and in each case using not less than 50 grams 
of substance. The following elements, heretofore supposed to be present, 
were not found: antimony, arsenic, gold, lead, tin, tungsten, uranium 
and zinc. The occurrence of platinum was placed beyond dispute, es¬ 
pecially in the Perryville iron, where 4 mg. were found in 25 grams sub¬ 
stance, as well as a minute trace of palladium. In this same iron 14 mg. 
of ruthenium and 28 mg. of iridium w’ere found in 100 grams of substance. 
Traces of vanadium were found in two falls. In no case were barium, 
strontium or zirconium present. A paper by Chamberlain (J, GeoL, 17, 
534) on the gaseous content of rocks is an interesting contribution to cosmic 
chemistry. Space does not permit of complete abstraction, but a few 
points may be noticed. All rocks contain gases, the basic eruptives most 
in quantity. While some of this gas results from decomposition, some is 
present in an occluded condition (solution). This is very different in 
composition from the atmosphere. Of the gases, certainly H2O and CO2 
were constituents of the original magma, and as these were liberated 
CO and CH4 were also formed by interaction. Oxwen is found only in 
combined condition in rock masses of the earth. The earth interior is 
very poor in oxygen and the earth crust not extremely rich, for, as a whole, 
the crust is suboxidized. Atmospheric oxygen was of late appearance, 
formed from the decomposition of oxides, especially water, and was later 
increased by the decomposition of CO2, after plant life had appeared. 
The hypothesis of a primary gas content of the earth interior is in accord 
with the planetesimal hypothesis. 

An investigation of the most refractory' oxides in the carbon resistance 
vacuum furnace has been carried on by Ruff (Z. anorg, Chem,, 82, 373) 
both for the purpose of getting fixed normal temperature points, and also 
to determine the most refractory materials for high temperature work. 
Alumina was foimd to give a definite melting point of 2010® 10®, too 

low however for a very refractory material. The only other possibly defi¬ 
nite points were the melting points of glucina at about 2525° and zirconia 
at about 2585°; but it is not yet certain that these remain entirely unre¬ 
duced under the influence of the high temperature, low jpressure, and re¬ 
ducing gases in the carbon tube. They are, however, entirely satisfactory 
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as refractory materials. Ma^esia is also refractory, fusing about 
but volatilizes rapidly, and while lime has probably nearly as high a melting 
point it is even more volatile. Other oxides, such as ceria, yttria, thoriia, 
and Cr203, were more or less converted into carbides before fusing. Work 
by Kaye and Ewen (Proc. Roy. Soc. Lond., (. 4 ) 89, 58) on the sublimation 
of metals at low pressure, carried out with iridium, copper, iron and tungs¬ 
ten, leads to the conclusion that vapors of two sorts are given off under 
the conditions of the experiments, (i) ordinary vapors of the gaseous efe- 
ment, and (2) a vapor of metallic particles passing off in right lines normal 
to the metallic surface, with a path one centimeter long in a vacuum. 
These particles appear to be electrically charged metallic particles, whereas 
the ordinary vapors are electrically neutral. 

Passing from these more general investigations to those confined to 
single elements and their compounds, we follow the periodic table. 

Group I .—In connection with measurement of the vapor pressure of 
metals by the dynamic method, von Wartenberg (Z. Elekirochem.y 19, 
482) noted that silver is appreciably more volatile in oxygen than in nitro¬ 
gen, and attributes this to the formation of silver oxide at a high tempera¬ 
ture. Although this oxide is unstable at low temperatures, owing to its 
high heat of vaporization it should be possible for it to exist at high tempera¬ 
ture as a gas. From the equilibrium 4Ag + O2 2Ag20 it should be 
possible, according to the law of mass action, for some Ag20 to exist at 
high temperatures when the oxygen concentration is great. The reviewer 
has found it possible to obtain PH3 by leading hydrogen over (red) phos¬ 
phorus at its volatilization point, and has also found, quite in analogy with 
the work of von Wartenberg, that RuOi can be detected in oxygen which 
has been led over metallic ruthenium at a high red heat, although Ru()4 
decomposes with violence when heated to about 100®. 

Group TL —^Metallic glucinum has been prepared by Fichter and Jabl- 
ozynski (Ber., 46, 1604) by the electrolysis of a fusion containing GIF2 
and NaF. The metal was obtained in crystalline form, but was covered 
with a thin film of oxide. This rendered the determination of its fusing 
point difficult, but it appears to be 1280° ^ 20®. It volatilizes at above 
1900®. The freshly filed metal is steel-gray and has a hardness of 6 7. 
Though brittle at ordinary temperatures, when heated it becomes ductile. 
Owing to its coating of oxide the metal appears to be resistant to reagents, 
but it is actually slowly acted on by boiling water. It is less attacked by 
o.oi N HCl than magnesium but more than aluminum. Nitric acid 
(1.4) acts on it only when heated; and the same is true of 10% potassium 
hydroxide, while a 50% solution dissolves it in the cold. Its properties 
thus accord with its position as the first element of Group II. ^ 

In determining the vapor pressure of the hydrogen in CaH2, Molden- 
hauer and Roll-Hansen (Z. anorg. Chem., 48, 137) found that, when the 
porcelain tube was lined with iron, the pressure differed according to 
whether pure CaH2 or a mixture of CaH2 with Ca was used. This Cxmljd 
be accounted for by assuming the existence of 4 lower hydride, 

When an unprotected porcelain tube was used a different but constant 
pressure was obtained, and it was found that there was an evident 
volatility of the lower hydride and reaction with the porcelain. In re¬ 
viewing this paper in the Fortschritte, Ephraim mentions that a hydride 
of calcium appears to exist which is volatile at ordinary temperatures,. 
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which Hoffmeister has also found in commercial acetylene. Edler finds 
{Ber.t 469 2264) that calcium hydride reduces barium sulfate according 
to the reaction BaS04 + 4CaIl2 = BaS + 4CaO + 4H2, which is strongly 
exothermic. This reaction appears to be excellently applicable (Z. anorg, 
Chem,, 83, 149) for the concentration of radium, for the mass after reaction 
is porous and dissolves readily in HCl. By using i/i N HCl any PbS 
and Si02 is left undissolved and the barium and radium can be fractionally 
precipitated by HCl gas, while calcium and any iron remain in solution. 

Group IIL —In 1912, Stock, for the first lime, isolated two borides 
of hydrogen, ni2Bti and H10B4, both exceedingly unstable compounds. 
The past year ( 5 ^., 46,1959) he has added another boride to these two, 
which proves to be decidedly more stable, but so extremely sensitive to the 
presence of water that it has hitherto escaped discovery. Its recognition now 
is due to the fact that H10B4 decomposes spontaneoUvSly at ordinary tempera¬ 
ture, and more rapidly when heated, into H6B2 and hydrogen, together 
with a small quantity of less volatile borides. The H6B2 is separated from 
any unchanged H10B4 by fractional distillation. The boiling point of 
HeBs at atmospheric pressure is -87 to —88 and its melting point is below 
--140Its density is 13.8, which is close to theory^ for the formula 
H8B2. It is fairly stable at ordinary temperatures, but decomposes slowly 
with the formation of solid borides. This decomposition is more rapid 
when the gas is heated. In this boride, the boron seems to be quadrivalent 
and the compound analogous to ethane. Its boiling point also corresponds 
to that of ethane (—90°) ; that of silico-ethane is —7®. Similarly, H10B4 
may correspond to butane; its boiling point is 16® and that of normal butane 
1°. In a later communication {Ibid., 3353), Stock describes the volatile 
solid hydrogen boride which is fonned when II6B2 is decomposed. Its 
formula, as determined by analysis and molecular-weight determination 
by freezing-point depression in benzene, is H14B10. It fuses sharply at 99.5 ° 
to a water-clear liquid which readily crystallizes again. It is fairly stable, 
being largely unchanged on passing through a tube heated to 400° {in 
vacuo)f but on heating slowly above 200it is, partially at least, converted 
into another boride which is insoluble in carbon bisulfide. H14B10 is 
soluble in alcohol, ether, benzene and especially in carbon bisulfide, and 
can be recovered from its solutions, but with great loss owing to its vola¬ 
tility. It is not acted on by water, in which it is insoluble, and scarcely 
attacked by concentrated nitric acid. The difficulty attending its pro¬ 
duction is partly realized when one considers that the yield from decompos¬ 
ing 1 cc. of H6B2 is 0.5 mg. In this decomposition two other solid borides 
were obtained, one soluble and the other insoluble in carbon bisulfide, 
but the quantity was too small for complete investigation. The former 
contains hydrogen and boron in a ratio of 4H : 5B, and is thus decidedly 
poorer in hydrogen than any of the other borides "found. The other boride 
has a molecular weight (in benzene) of about 142, and thus probably con¬ 
tains 12 atoms of boron in the molecule. Stock has thus isolated alto¬ 
gether seven borides of hydrogen, five of which have been accurately studied 
and their formulas determined. The existence of three others has been 
noticed but they have been in too small quantities for any investigation^ 
Since some of the borides prepared by Moissan and by Moody and Tucker 
contained carbon as carbide, or aluminum, Wedekind {Ber,, 46, 1198, 
1885) has used other methods for the preparation of borides, old and new. 
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In several c^s success was attained by the use of the vacuum arc furnace, 
the electrodes being made of a mixture of boron with the desired metal, 
sufficiently fritted to conduct the current. In this way ZvzB^, VB, and 
UB2 were prepared. WB2 was also obtained, corresponding to that pre¬ 
pared by Moody and Tucker, but borides of molybdenum and titanium 
could not be made in pure condition. CaBe was prepared by the reduction 
of calcium borate by metallic calcium in an iron tube. It resembles that 
obtained by Moissan in the electric furnace, except that its color is light 
brown, while that of Moissan was black, doubtless owing to impurities. 
In the borides of this type there seems to be present a very stable group, 
Ba, and it is possible that a hydrogen boride with formula HB3 is present 
in the solid borides obtained by Stock. 

A new contagious disease of metals is described in the Chemical News 
(108, 4) which affects the alloy of 97% aluminum and 3% copper used 
by the French government for the manufacture of helmets and other 
nulitary objects. The disease is epidemic and spreads by contact from 
one object to another, corroding the metal and making holes in it. The 
metal looks as if attacked by eczema, and thus far no remedy has been 
found. 

Group IV .—In discussing, a year ago, the combustion of coal, Rhead 
and Wheeler drew the condusion that both CO and CO2 are formed, and 

? romised an explanation of this phenomenon. This has now appeared 
/. Chem. Soc., 103, 461), and consists in the hypothesis that carbon ab¬ 
sorbs oxygen with the formation of a carbon-oxygen complex, which is 
stable up to high temperatures, and which on decomposition under the 
influence of heat gives off both CO and CO2. That this absorption of 
oxygen is not a mere physical absorption seems apparent from the fact 
that no gas is given off by merely diminished pressure, and that coal which 
has been highly heated does not absorb CO or CO2. The composition 
of this carbon-oxygen complex, CxOy, depends upon the temperature at 
which it is formed; when this takes place at 300® the formula is CiooO, 
but it is not to be looked upon as a tmiform chemical compound, l^ile 
it is true that this hypothesis would satisfactorily account for the facts 
of the combustion of coal, the evidence presented in its support seems pretty 
meager. Methane has a strong tendency to decompose above 600®, 
but at this temperature, under ordinary circumstances, carbon is not de¬ 
posited; but if a metal is present with which carbon has a tendency to 
unite which is stronger than its tendency to be deposited as elementary 
carbon, then a carbide will be formed. The lower the temperature the 
less tendency to deposit free carbon, but as lowering of the temperature 
decreases the velocity of the reaction, hydrogen may be mixed with the 
methane, diminishing the dissociation and allowing a higher temperature 
to be used. Hilpert and Omstein {Ber.f 46, 1669) have used this method 
of heating the metal in a current of methane and hydrogen, for the prepara¬ 
tion and study of carbides. An analogous method, in which there is less 
trouble from concomitant deposition of carb on, consists in heating the 
metal in CO, the equilibrium being 2CO Xi C + CO2. In this case the 
•tendency to deposit carbon decreases with the increase of temperature. 
At 1000®, with molybdenum, M02C was the limiting carbide, while at 
800® MoC was rapidly reached, but still more carbon was slowly taken up, 
with a probable limiting value of M08C4. At 600®, however, the limiting 
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compound was, as at 1000°, MoiC. With tungsten below 900°, with me¬ 
thane, WC was quickly reached; at 1000°, with CO, WsCt was the limiting 
compound. In the CO atmosphere tungsten was appreciably volatile 
(formation of a tungsten carbonyl?). This reaction for the formation 
of carbides would undoubtedly be strongly influenced by the heat of forma¬ 
tion of the carbide, and in this connection it may be noted that this heat 
of formation has been determined by Ruff (Ibid., 400) for MnoC, FeaC, 
and NisC to be respectively, +12.9 =*= 2.14, —15.3 0.2, and —^394 =*= 10 
Cal. This substantiates the fact that MnsC undergoes no apparent change 
on cooling. FcaC can be obtained in 90% yield by rapid chilling, while 
it is difficult to preserve any NiaC even in great dilution and witli most 
rapid chilling. Curiously, however, no carbide of definite composition 
could be obtained by Hilperl (Ibid., 3479) on heating metallic manganese 
in methane. In pure methane the carbide mass contains upwards of 20% 
carbon, and in a mixture of equal parts methane and hydrogen 15% 
carbon. The saturation limits varied witli the temperature to which the 
manganese was heated, but in no case did the mass present any simple 
atomic ratio. The reaction with acids also indicated that no deriva¬ 
tives of simple hydrocarbons were present. All of these manganese 
carbide masses are ferromagnetic. To the three compounds of carbon 
and nitrogen, cyanogen, paracyanogen of Gay-Lussac and Johnston, 
and the recently discovered carbon pemitride, NCN3, of Darzens, is now 
to be added a fourth, C*N2, prepared by Pauly and Waltzinger (Ber., 
46, 3129) by heating imidazole tetraiodide. This iodide, when heated 
in a vacuum, loses toee atoms of iodine below 200® and the fourth at 
about 400®, leaving a mass which resembles soot, and bears a strong 
resemblance to animal charcoal. On heating to 800-900® it decomposes 
into cyanogen and carbon, and on heating with soda-lime gives off all 
its nitrogen as ammonia. While not identical with paracyanogen, it is 
evidently of similar nature. While it is insoluble in all indifferent solvents 
and infusible, the fact that it is formed quantitatively from C5N2I4, as 
well as its chemical properties, indicates that it is a definite chemical indi¬ 
vidual. 

By the action of metallic calcium on a mixture of silicon and aluminum, 
Reynolds (Proc. Roy. Soc., (A) 88,37) has prepared a compound, Ca(SiAl)2, 
which he calls calcium silical-cyanid, that is a cyanid in which the carbon 
is replaced by silicon and the nitrogen by aluminum. The compound is 
exceedingly stable and indifferent to oxygen even at high temperature 
but great interest must attach to it from the fact that when heated to 
a low redness in a current of moist oxygen it gives a compound, CaAl2Si208, 
which in composition, appearance and other properties bears the closest 
resemblance to anorthite. Much interest must also attach to a compound 
which bears a relationship on one side to a complex silicate and on tlie 
other to a cyanide. 

By the solution of potassium stannate in hydrofluoric acid Marignac 
obtained two distinct salts to which he gave the formula K2SnP'6.H20. 
This has now been cleared up by Briggs (Z. anorg. Chcm., 82,441). When 
the fluo-stannate, best prepared by the method of Emich from SnCL* 
and KF, is dissolved in water the reaction is acid. On tlie addition oi 
exactly one molecule df KOH the solution becomes neutral, and from it 
is crystallized the second salt of Marignac, in thin brilliant flakes, which 
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have the formula K2SnF60H.H20, a hydroxy-pentafluo-stannate. At 
170®, water is given oflF and an anhydride, probably K4(SnF5.0.SnF6), 
formed, which, on solution in warm water, regenerates the original hydroxy- 
salt. 

Group V. —The orange-yellow cloud-like luminescence observed when 
the electric discharge is passed through nitrogen at pressmes from i to 
10 mm. is ascribed by Strutt to an active modification of nitrogen. This 
is disputed by Comte {Physik. Z., 14, 74) who finds that when pure nitro¬ 
gen is used the luminescence is reduced to a minimum, and ascribes the 
phenomenon to the reaction between nitrogen and a little oxygen present 
as impurity. The same view is held by Tiede 46, 340). On the 

other hand, Strutt {Physik, Z., 14, 215) shows that in his experiments 
oxygen was practically absent, and that intentional additions of oxygen 
inhibit the phenomenon proportionally. Comte's results may have been 
due to impurities introduced in removing the oxygen. In a later article 
{Proc, Roy, Soc,, (A) 88, 539), Strutt gives further details regarding active 
nitrogen and its reactions. With vapors of mercury, cadmium, zinc, ar¬ 
senic, sodium and sulfur, nitrides are at once formed which are at once 
decomposed by water with evolution of ammonia. Carbon bisulfide 
gives a blue polymeric nitrogen sulfide, (NvS)-i, and a polymeride of carbon 
monosulfide. Active nitrogen reacts witli many organic substances, 
giving in almost every case hydrogen cyanide, but no cyanogen. None 
of these reactions would be characteristic of an oxide of nitrogen. The 
action of ozone on liquid ammonia at low temperatures would seem, ac¬ 
cording to Manchot (Bcr., 46, 1089), to be analogous to that on the caustic 
alkalies, for here also an intense orange-red color is formed, which becomes 
pale when the temperature is allowed to rise to —65®. If a few drops of 
water are present the color is stable to a somewhat higher temperature. 
In perfectly dry non-aqueous solvents, when saturated with ammonia, 
no color appears on addition of ozone, even at very low temperatures, 
nor do liquid organic amines give a color with ozone, although there is an 
evident reaction. It seems probable that the reaction of ozone with am¬ 
monia is really with the hydroxide, NH4OH, which is stable at low tem¬ 
peratures and is more closely akin to KOH and NaOH than are dimethyl- 
and trimethylamine. Some fifteen years ago Melikoff and Pissarjewski 
prepared, by the action of ammonia on hydrogen peroxide, an ammonium 
hydroperoxide, NH4O2H. In repeating their work, D’Ans and Wedig 
{Ber,y 46, 3075) led dry NHs into a 98% solution of hydrogen peroxide 
in absolute ether at —10®. At first beautiful clear crystals appear, which 
are the hydroperoxide, m. p. 14®, but on further addition of NHs these 
fuse and there is formed at the Attorn of the flask a heavy oily layer. 
On cooling to —^40° this oil freezes to a crystalline mass. This mass was 
washed with ether in a specially constructed apparatus, cooled by a carbon 
dioxide-ether mixture. The pure crystals thus obtained are ammonium 
peroxide, (NH4)202. On warming they begin to lose ammonia, forming 
NH4O2H, and melt at about —2®. TTiey are somewhat soluble without 
decomposition in cold ether. 

A study of the fixation of nitrogen by a mixture of barium oxide and 
carbon has been carried out by Ewan and Napier (/. Soc. Chem. Ind., 3a, 
467). Fixation appears to take place according to one or both of the two 
reactions, BaO + 2C + N2 BaCN2 + CO, and BaO + 3C + N2 
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Ba(CN)2 + CO, Both of these reactions are reversible but were not found 
to be appreciably affected by any catalytic agents, although the presence 
of a little (up to n%) K2CO3 lowered the reaction temperature 10 to 20®. 
The second reaction is connected with the reaction Ba(CN)2 = Ba CN2 + C, 
which does not appeartobereversiblc. Wlien nitrogen is led over the baryta- 
carbon mixture at 1100®, it is rapidly absorbed until nearly half the baryta 
has been converted into a nitrogen compound. The further absorption 
of nitrogen goes on with extreme slowness, although it would seem that 
no true equilibrium would be reached (the nitrogen supply being continuous 
and the CO removed) until all the barium is combined with nitrogen. 
The best that could be attained was 57% yield, and this only after 80 
hours’ heating. The rather sudden impeding of the reaction seems to be 
due to the formation of a compound, BaO.Ba(CN)2, in which the BaO 
is far less active than when free; this would also seem to account for the 
fact that there is even at 1150® no volatilization of the Ba(CN)2, which 
by itself is somewhat volatile at a decidedly lower temperature. Another 
reaction which must possibly be taken into account is BaO + 3C 
BaC2 + CO. The equilibrium pressure of this reaction at 1200® is i mm., 
hence it is probable that barium carbide is hardly to be considered an inter¬ 
mediate product in the absorption of nitrogen. On the other hand, in 
the reaction between lime, carbon and nitrogen, the carbide is probably 
an intermediate product of importance. The fixation of nitrogen by alu¬ 
minum has been studied by Fichter (Arch. Set. phys. ei nat., Genhe, [4] 35, 
369; Z. anorg. Chem., 82, 192), Fraenkel (Z. Elektrochcm.y 19, 362), and 
Wolf (Z. anorg. Chem., 82,159). Fichter finds tliat the affinity of aluminum 
for nitrogen is very considerable. When a nickel tube filled with aluminum 
powder is heated to 700® and nitrogen led over it, the temperature rises 
suddenly to 820® and nitrogen is rapidly absorbed. The temperature 
in the interior of the mass rises to above 1300®. The product contains 
some particles of aluminum which have been unacted on, but by powder¬ 
ing and again heating in nitrogen a pure product can be obtained which 
has tlie formula AIN. The aflinitv of aluminum is so great that when air 
is led over the heated metal, some nitride is found in the oxide formed. 
Water easily decomposes the nitride witli the formation of ammonia, 
and in moist air tlie nitride always has an odor of ammonia. While 
hydrochloric acid acts readily on the nitride, if metallic iron and aluminum 
are present as impurities they can be sublimed away by heating in a stream 
of perfectly dry HCl gas, leaving the AIN pure. By long action of IICl 
gas, or at a higher temperature, the nitride is itself attacked. By heating 
with alkalies and carbon the nitrogen of the nitride is converted, but not 
completely, into cyanide nitrogen. In order to obtain the nitride by the 
action of nitrogen on a mixture of alumina and carbon, the temperature 
must not rise above 1800--1850®, or the oxide will melt and carbid e be 
formed, which inhibits the reaction. The reaction, AI2O3 + N2 + 3C 
2AIN 4 * 3CO, first carried out by Serpek, has been studied by Fraenkel, 
who finds that w^hen soot is used the reaction begins at 1400® and increases 
rapidly in velocity with rising temperature, while the nitrogen pressure 
has little influence. The reaction is inhibited by mixing CO with the 
nitrogen, and is reversible. At 1500® and 760 mm. equilibrium is reached 
with 25-40 volume per cent. CO; at 1600® with 50-65%. Above 1500® 
carbide begins to be formed. The velocity of tte reaction is strongly 
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influenced by the nature of the carbon used. Wolf finds that the purity of 
the aluminum plays an important part in its reaction with nitrogen^ 
and that by using aluminum bronze it was possible to convert only 2.47% 
of the aluminum into the nitride. The presence of oxygen in the nitro¬ 
gen is also objectionable. The fixation of nitrogen by boron is the subject 
of a detailed investigation by Stabler and Elbert {Ber,, 461 2060). Owing 
to its strong affinity for nitrogen and the fact that of sill solid nitrides 
that of boron contains the highest per cent, of nitrogen, boron seems spe¬ 
cially suited for the fixation of nitrogen. Boron nitride is further v^u- 
able as a refractory material, and from it may be obtained not only am¬ 
monia but also cyanides. BjOs can be reduced to boron by carbon at 
1200®; borax can be reduced to boron by the electric current with iron 
electrodes with a current yield of 12.1% theoretical. Reduction of boric 
acid by calcium carbide takes place at 1625®, the resultant product 
being from qualitative examination calcium boride, and this the most 
convenient method of preparing it. Borocalcite, CaB407.4H20, and 
carbon were heated together but even at 1700® no formation of calcium 
boride took place, but when nitrogen was led over the heated mass it was 
readily absorbed. Not only nitride but also cyanamide seems to be formed, 
and the reaction appears to be CaB407 + 8C -f 3N2 == 4BN + CaCN2 + 
7CO. No study appears to have been made as to the reversibility of this re¬ 
action. For the reaction B2O3 + 3C + N2:;iil2BN + 3CO, 1500® to 
1700® is the most favorable temperature. At 1800® the heating should 
not be continued more than 30 minutes. Even at pressures of ao to 70 
atmospheres the amount of absorbed nitrogen was not increased (a resillt 
to be theoretically expected). The absorption of nitrogen at atmospheric 
pressure per gram boron is much larger when borocalcite is used than with 
boric acid. BN loses no weight when heated to 2200® in a graphite boat, 
but at 2450® it was completely destroyed, the carbide of boron being formed. 
These studies on nitrides are all of great value as throwing light on an 
extremely important industrial problem. 

An investigation of the sensitiveness of the azides to the light, by 
Wdhler and Krupko (Ber., 46, 2045) throws some light on the photographic 
latent image. The action of the light on mercurous, silver, cuprous, 
and lead azides was studied. EspeciaUy in the first two cases no evidence 
of a subazide was found, though the effect of the light was in every way 
analogous to its action on the sfiver halides. The azide darkened gradually 
according to the amount of light, and in every case the free metal was 
formed with the liberation of nitrogen. Evidence is thus afforded from 
analogy that the latent image in photographic processes is not due to the 
formation of a subhalide, but to reduction to metallic silver, which forms 
an adsorption compound in the excess of silver halide. A basic lead 
azide, PbO.PbNe, and a basic cupric azide of similar formula were also 
obtained. 

A painstaking investigation of the vapor density of phosphorus has 
been made by Stock (Ber., 45,3527) in a special apparatus of transparent 
quartz, the result showing ^t the mole^e of phosphorus is P4 up to 
700®. The dissociation above this temperature is P4 *7^ gPg, and the 
amount of P2 is at 800® about i/ioo, at 1000® i/io, at 1200® 1/3, all 
at atmospheric pressure. At one-fourth atmospheric pressure the amount 
of P2 is 2/3. 
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A new and peculiar type of compound has been discovered by Hilpert 
and Herrmann { Ber ,, 46, 2218). When molecular silver is shien with 
fused AsBra so much of iht metal is taken up as corresponds to the com¬ 
pound AgaAsBrj. That this is a chemical individual appears evident 
from the decomposition reactions. With aqueous ammonia or alkali^ 
metallic silver is formed and AsBra goes into solution; that there is a direct 
union between the arsenic and the bromine is evident from the action of 
phenylniagnesium bromide, which gives triphenyl arsine in a yield of 70%; 
when treated with KCN solution free arsenic is precipitated, the tendency 
of the silver to enter into a cyanide complex being so great that it carries 
the bromine with it. The compound is very stable and only at a low red 
heat is the arsenic sublimed in a carbon dioxide atmosphere. The consti- 

tution of the compound would seem to be Ag ^As^'-Br. The secondary 

Ag/ \Br 

.valence of AsCU and AsBr, is so strong that we have the addition products 
AsC1s. 3NH8 and 2ASCI3.7NHJ. Corresponding to these the authors have 
prepared not only AsBrs.3Ag, but also aAsCls.yAg, 2ASCI3.7CU and 
2AsBra.7Cu. This investigation opens a wide field. Perhaps to the same 
type may belong the silver subfluoride described by Wbhler (Z. anorg. Chem., 
781 239). Ag*F, which from this standpoint could be written Ag -Ag-F, 
or AgF. Ag; and the same may Be true of the subhalides Ca • • CaCl., Ca ■ • ■ Cals, 
and Ca- -CaFs. 

It is interesting to note that Hamed (This Journal, 35, 1078) has 
succeeded in preparing a columbium chloride analogous to the tan^um 
chloride of Chapin, and possessing similar properties. While the empiric 
formula is Cb6Cli4.7H20, the compound is in reality the chloride of the 
base Cb«Cli2(OH)2.8HsO, which is amphoteric, dissolving in HCl with 
the formation of the chloride (CbjCli2)Cls.7H20, and in concentrated alkali 
with the production of (probably) (Cb*Cli2)(ONa)s.aq. The base also 
dissolves in HBr giving (Cb»Clis)Brs.7HsO. 

Group VI. —A quantitative study of the oxidation of inorganic salts 
By ozone by Yamauchi (Am. Chem. J., 49, 55) deserves notice as throw¬ 
ing light on the mechanism of the reaction, and possibly also on the consti¬ 
tution of ozone. By means of a specially constructed apparatus the author 
was enabled to measure the ratio between the substance oxidized and the 
ozone used. In the case of arsenious oxide the equation representing 
the reaction is AssO, + 20$ = AssOs + 2O2, and also in the case of thallous 
nitrate, mercurous nitrate, and ammonium ferrous sulfate, each ozone 
molecule furnished one atom of oxygen for oxidation. In the case of 
stannous chloride, however, the reaction was 3SnCls + 6 HC 1 -f Os = 
3SnCl4 + 3 HsO, all three atoms of the ozone being used for oxidation. 
As a matter of fact, in this case rather more stannous chloridq was oxidized 
than indicated by the equation, which would throw some doubt upon 
the correctness of the equation. The first reaction between sodium thio¬ 
sulfate and ozone is simply the splitting off of sulfur, 3Na2Ss03 = 3Na«S0# 
-|- 3S, and in the second stage two of the three molecides of sulfite are 
oxidized to sulfate, zNa^Os + 20 s = zNasSOi -t- 20 s. In general it 
would seem that the normal reaction with ozone is the spUtting off of a 
sin^fle atom of oxygen, which would be quite in accordance with the formula 
0 =« O" O for ozone. 
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In the course of investigations of the action of sulfur trioxide on salts 
{ Bet ., 46, 2513, 2525) Traube has obtained fluosulfonic acid and its salts. 
SOs is absorbed by both NaF and NH4F, in both cases with the formation of 
fluosulfonates, NaSOsF and NH4SO3F. The fluosulfonates are stable 
salts, dissolving in water without decomposition to a neutral solution. 
So great is the tendency of these salts to form, that if potassium pyrosulfate 
and ammonium fluoride are dissolved in a little aqueous ammonia, alcohol 
will precipitate ammonium fluosulfonate from the solution. By dissolv¬ 
ing the ammonium salt in fuming sulfuric acid and warming, the free fluo- 
su&uric acid distils over, and by adding ammonia to the distillate the 
ammonium fluosulfonate is obtained. When dry sodium fluosulfonate 
is heated in a carbon dioxide atmosphere a gas is given off which is probably 
sulfuryl fluoride, SO2F2. 

The work of Flint in splitting tellurium continues to be attacked and 
no one has succeeded in repeating his results. Morgan (This Jot^rnal, 
34, 1669) has purified tellurium by repeated hydrolysis, but all his samples 
continued to give atomic-weight figures which lie around 127.2. Similar- 
results have been obtained by Dudley. Uhler and Patterson (Am, J, Set,, 
I4] 36, 135) have made a close study of the arc spectrum of tellurium as 
compared with the spectrum of possible impurities, and find that that por¬ 
tion of Flint’s tellurium which gave lower atomic weight was by no means 
pure, as Flint supposed, but contained traces of iron and copper. Kiis- 
nezow (Iswestja Donschen Polyt. Inst, i, ii, 380) in discussing the possi¬ 
bility of the atomic weight of tellurium being actually greater than that 
of iodine, calls attention to the fact that the increments in the atomic-weight 
series rise and fall alternately, 7-9-1 i-i2-”i4~i6-i9-2a-23~24, etc., and 
consequently the elements can be divided into two series, in each of which 
the atomic weight increases by the comparatively regular increment of 4, 
and while the atomic weight of each element in the second series is generally 
slightly greater than that of the corresponding element in the first series, 
it is not necessarily greater, and this may account for the apparently anom¬ 
alous atomic weight of tellurium (and argon and cobalt?). The elements 
may thus be looked upon as being derived from a primitive material of 
two types. (A somewhat similar possibility was suggested several years 
Ago by the reviewer.) 

A rather qomplete study of the tellurites has been made by Lehner (This 
Journal, 35, 718) who finds that the tellurites of the alkalies exist in three 
types, mono, di, and tetra-tellurites, as K20.Te02, K20.2Te02, and K2O.- 
4Te02, all hydrated and soluble in water. The tellurites of the alkaline 
earths are normal and slightly soluble. Barium tellurite forms very stable 
double salts (solid solutions?) with barium chloride. The tellurites of 
the heavy metals are all insoluble in water. Tellurites oxidize by heating 
in the air to 440-470®, although potassium ditellurite oxidizes only to 
JK2O.TeO2.TeO3, and the tetratellurite does not oxidize at all. 

Of the series of hydrazine salts of the types M'^Cl2.2N2H4 and MSO4.- 
(N2H4)iS04 prepared by Curtius and Schrader in 1894, the compounds 
with bivalent chromium were missing. These have now been made by 
Traube and Passarge {Ber,, 46,1505) and prove to be unique among chrom- 
ous salts in being stable in the air, indeed the dihydrazin chloride is not 
oxidized when suspended in water and left in contact with the air for a 
considerable time. This stability appears to be due in part to the slight 
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solubility of the compounds and in part to the coimteracting influence of 
the hydrazine. When these compounds are dissolved in acids or in am¬ 
monia they are rapidly oxidized, like other chromous salts. 

Another gap has been filled the past year in the preparation of the first 
crystalline salts of trivalent tungsten by Olsson {Ber.y 46, 566). While 
the white tungstic acid precipitated from tungstates by HCl goes readily 
over into the yellow insoluble form, it is possible by rapid working with 
cold HCl to carry the white acid over into a clear solution. If metallic 
tin is added to this clear solution it is reduced, passing through several 
color changes. If potassium tungstate has been used and the solution 
wanned with tin to 40 60°, it finally reaches a stable dark yellow-green, 
and on saturating this solution in the cold witli HCl gas a yellow^ green 
crystalline precipitate is obtained which is a double chloride of trivalent 
tungsten, of formula K3W2CI9, or 3KCI.2WCI3. From this salt by double 
decomposition the rubidium, cesium and thallous salts were made, and 
from ammonium tungstate, by a similar reduction, the ammonium cliloro- 
tungstate. All have analogous formulas and properties, insolubility in 
water increasing w'ith molecular weight. The slightly soluble rubidium 
and cesium salts are soluble in very dilute NaC)H, and a small amount of the 
same reagent does not precipitate solutions of chlorotungstates, but con¬ 
centrated NaOH gives with these solutions a reddish brown precipitate 
which is insoluble iti excess. In these compounds trivalent tungsten shows, 
the same tendency to the formation of complex salts as is shown so char¬ 
acteristically by tungstic trioxide. By the electrolytic reduction of tungs¬ 
ten hexachloride in alcohol solution Fischer {Z, anorg. Chem., 81, 102, 
170) has obtained a green compound which can be purified by recrystalliza¬ 
tion out of a mixture of alcohol and chloroform, and which has the formula 
Cl2W(()C2H8)8, a compound of quinquivalent tungsten. All the properties 
of the coippound agree with this formula, but a molecular-weight de¬ 
termination seems to indicate a double formula, two tungsten atoms 
perhaps being wefikly combined. 

Mazzucchelli and d’Alceo {Aiti accad. Linceiy Romcy [5I 21, ii, 620) 
suggest three criteria for the recognition of complex salts; the simplest 
is when the complex salt is less soluble than its constituents and hence 
separates out of solution; if the salt is more soluble than its components, 
especially if one of these components is but slightly soluble, one may con¬ 
clude that a complex salt is present; or if in the third place there is an 
abnormal distribution of the components between an aqueous and a non- 
miscible solvent, a similar conclusion may be drawn. If ^1 of these criteria 
are wanting it is still possible that a complex salt may be present, but the 
stability of the complex must be very sm^l. The authors have used these 
methods in testing the tendency of hexa- and quadrivalent uranium to 
form complex salts and addition products. Thus uranyl nitrate has no 
tendency to unite with mercuric cyanide, urea or thiourea; uranyl oxalate 
is indifferent to urea and to hexamethylenetetramine. In general, uranyl 
salts have no tendency to complex building witli nitrogen compounds. 
Uranous salts with weak acids are generally basic, but a complex malonate, 
NaiU(C8H204)8 was formed by the electrolytic reduction of sodium uranyl 
malonate. Urano-oxalic acid, H2U(C204)3-8Ha0 (oxalato-uranous acid) 
was readily formed and some of its salts with organic bases. Uranotu^ 
sulfate, 11(304)2 proved to be quite stable in solution. 
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Group VII. —An important investigation of the fluorides of the noble 
metals (and platinum metals) has been carried out by Ruff {Ber., 46, 
920, 929). In various attempts to prepare the fluoride of platinum it 
was found that neither HF nor KHPa had any action on platinum chloride 
(nor on AU2CI4), nor could the fluosilicate of Berzelius be obtained by evapo¬ 
rating the solution of PtOj in fluosilicic acid, hydrolysis taking place. 
On adding KF to a concentrated solution of PtCU, a precipitate of KjPtCU- 
OH was obtained. The action of elementary fluorine upon the other plat¬ 
inum metals was tested, using boats and tubes of a mixture of 7 parts 
cryolite with 3 parts lithium fluoride. Rhodium was hardly attacked, 
even at a red heat. Palladium reacted only slowly at a red heat, becoming 
covered with a red-brown crystalline coating of what was probably PdF4. 
Iridium also was only acted on at a low red heat. At higher temperatures 
heavy white fumes were formed. Ruthenium showed an action similar 
to that of osmium (below), but the amount of volatile compound formed was 
small and it was less stable than that of osmium. With osmium, fluorine 
reacts very readily, three different fluorides being isolated. Below 250® 
OSF4 is chiefly formed, at 250® OsFe when the stream of fluorine is slow, 
and OsFs when the fluorine is in large excess. The study of these fluorides 
was carried on with great difficidty owing to several facts. Fluorine is 
hard to prepare, osmium is expensive, glass is more or less attacked by 
the fluorides, strongly if a trace of water is present, platinum tubes are 
opaque and the reactions cannot be seen, it is impossible to wholly ex¬ 
clude oxygen which contaminates everything with OSO4, the fluorides 
themselves are far from stable compounds, and it is far from easy to analyze 
an osmium-fluorine compound or to determine the state of oxidation of 
thl^ osmium. Taking these facts into consideration, the investigation 
was very satisfactory and deserves to be placed alongside of the work of 
Stock on the borides of hydrogen. OSF4 is the result of incomplete treat¬ 
ment of osmium with fluorine, is soluble in water with an acid reaction, 
and appears to be non-volatile. OsFe is volatile, with 9 boiling point of 
202-205^. It attacks glass so that its melting point could not be de¬ 
termined, but lies above 50®, where the action on glass begins, and below 
i20®. It is characterized by reacting with water, with which it gives 
a precipitate of OsOj, resembling the action of SiF4 on water. It coats 
anything damp, or organic, with which it may come in contact, black, 
in this respect resembling OSO4. It is, however, the compound OsFg 
which presents the greatest interest, for this is the first compound con¬ 
taining an element which is octavalent beyond dispute (one may argue 
for the quadrivalence of Os and Ru in OSO4 and RUO4), and the only binary 
compotmd containing eight atoms of a single kind united with only one 
other atom, or eight atoms around a single central atom. OsFg is a lemon 
yellow, crystalline compound, with a melting point of 34.4® and boils 
at 47.5°. Its molecular weight corresponds to OsFg and the valence of 
the osmium is eight. It does not attack gold or platinum, but is decom¬ 
posed by silver and most other metals with the formation of fluorides. 
Organic substances are violently attacked. It dissolves to a colorless 
solution in water, but obviously with decomposition, since the solution 
smells strongly of OSO4. It unites with alkali fluorides extremely easily 
to form salt-like compounds, which decompose on treatment with NaOH 
with evolution of oxygen and ozone. In a platinum tube it begins to de¬ 
compose at 225®. 
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As a source of salts of trivalent manganese, Meyer (Z. anorg. Chem., 
81,385) recommends potassium manganicyanide, which is readily prepared 
by drawing air through a concentrated solution of manganese carbonate 
in KCN. The manganicyanide can be recrystallized from a 10% KCN 
solution and is fairly stable in cold water. On dilution or on heating it 
hydrolyzes with the formation of manganic hydroxide, which is perfectly 
stable and which dissolves readily in acids with the formation of man¬ 
ganic salts. These salts with oxy-acids are intensely red or violet-red 
and in concentrated acid solution can be boiled without change, but 
are instantly hydrolyzed on dilution. Except in cold solutions HCl 
evolves chlorine, but HF dissolves this hydroxide to form a stable fluoride, 
which gives double salts, among which the red K2MnF5 was isolated. 

Group VIIL —A paper of some importance in its bearing on the origin 
of pyrite deposits has appeared by Dosz (Z. prakt. GeoL, 20, 453), in which 
a new iron disulfide, melnikowite, is described from the miocene clay 
in the Russian province of Samara. This mineral occurs in small, dense, 
dull, opaque masses, strongly magnetic, with composition FeS2. It 
has an acid reaction and dissolves easily in dilute or concentrated HCl. 
From all its properties it is an iron disulfide gel which has become crys¬ 
talloid and passes over very gradually into pyrite as a stable phase. This, 
Dosz considers, offers an explanation of many pyrite deposits, which are 
to be looked upon as syngenetic rather than epigenetic. The process 
of formation he describes somewhat as follows: In shallow lakes the 
iron is furnished as bicarbonate. This, either by hydrolytic conversion 
into the hydroxide with subsequent change into sulfide, or by direct 
precipitation as hydrosulfide, has taken up more sulfur with loss of water, 
forming melnikowite. The sulfur has been furnished by decomposing 
organic matter, and the whole course of reaction quite possibly went on 
under bacterial influence. Bacteria have been traced back at least to 
Devonian strata, and Dosz could detect fossil iron-bacteria (gallionella 
ferrunginea) inmelnikowite. In earlier periods of geological history 
sulfur played a more important part in the upper portion of the earth’s 
crust than today, and sulfurizing and desulfurizing bacteria must have 
had larger influence. The abundance of pyrite in round masses is much 
better explicable under this theory that pyrite is the stable form derived 
from a hydrogel. 

Bellucci and Corelli {Aiti accad, Lincei, Rome [5], 22 i, 603) have made 
a careful study of the well-known reduction of potassium nickel cyanide 
solutions by reducing agents, and come to the conclusion that uni¬ 
valent nickel is actually present. As a reducing agent they found 
sodium amalgam most satisfactory, and while, in accordance .with 
Moore’s results some years ago, the nickel-cyanide ratio seems to be 
6 : 5, an examination of the v^ence of the nickel in the red reduced 
solution, by measuring the hydrogen evolved in its oxidation, and by 
oxidizing with iodine and with hydrogen peroxide, shows that univalent 
nickel is present, though no compound of univalent nickel has yet been 
isolated. 

In the analysis of platinum ores from the urals, Holtz {Ann, chim, Phys,, 
[8] 27, 559) has found certain anomalies which seem to point to the pres¬ 
ence of a new metal. After precipitating the platinum from the aqua 
regia solution with sal ammoniac, the other platinum metals (and any 
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copper) are precipitated by metallic zinc. After drying and weighing^, 
this **black'* is treated with dilute nitric acid to dissolve the palladium and 
copper. The other platinum metals should be insoluble, and it is just 
here that the anomaly occurs, for the palladium and copper come far from 
accoxmting for the loss of weight of the ‘‘black.” After the removal of 
the palladium and copper there is left a yellow solution which gives a 
black foam on reduction with zinc. This black material after drying 
glows when heated in hydrogen and loses slightly in weight. The oxide 
of the metal is insoluble in all acids but dissolves in NaOH with yellow 
color, which does not change on acidifying with HCl. The oxide is not 
attacked by soda-saltpeter fusion. The metal itself is soluble in HNOs 
and HCl and its solution in the latter is not precipitated by NH4CI. The 
metal also dissolves in KHSO4 fusion with red-brown color, but unlike 
rhodium leaves no white residue of basic sulfate on solution in water. 
Holtz suggests that this apparently new metal may be identical with 
French’s canadium and Courtis’ amarillium. To the reviewer, however, 
it seems possible that Holtz may be dealing with an impure rhodium, 
which sometimes itself acts in a ratlier anomalous manner. An interesting 
piece of work has been carried out by Wohler on the stability and condi¬ 
tions of existence of the chlorides of platinum and iridium (Scr., 46, 
1577, 1591, 1720). The method used was to heat the metal, or better 
in the case of platinum the tetrachloride, in a current of chlorine at differ¬ 
ent temperatures, the limiting temperatures of formation and decomposi¬ 
tion being determined by trial. PtCh loses chlorine at 374® but takes 
it up again at 364°. The greenish black PtCb is stable at 435°, losing 
chlorine at 440® and taking it up at 430®. The brown-green PtCb re¬ 
mains unchanged in composition at 560®, though quite volatile at this 
temperature. If kept at 581-583° a light yellow vapor is given off and 
occasionally a light green residue is left with the metallic platinum in the 
boat, which contains both platinum and chlorine and is without much 
doubt the monochloride, PtCL This has very narrow limits of stability, 
certainly of not more than a degree or two, at about 582 ®. IrCU in a stream 
of chlorine loses chlorine above 200®, indeed at 100° the chlorine pressure 
is already greater than i atmosphere. IrCh is best formed by heating 
iridium in chlorine at about 600®, but it is stable over the extraordinarily 
large range of 100-763®. At the latter temperature it loses chlorine 
forming IrCb, which is stable at 770® but at 780® goes over into IrCl. 
Tliis also has narrow limits of existence for at 798® the metal is formed. 
IrCl is also more volatile than the other chlorides. The tetrachloride 
differs markedly in its properties from Uie other chlorides. It is soluble 
in water but the solution on evaporation in chlorine at 40® does not leave 
an anhydrous chloride, as chlorine is given off and the salt is more or less 
hydrolyzed. Gutbier {Ber., 46, 2098) has continued his work on the halogen 
s^ts of the platinum metals by preparing thehexabromo-osmates (osmeates). 
These cannot be satisfactorily made by the action of concentrated hydro- 
bromic acid on the chloro-osmates, owing to the fact that the hydrobromic 
acid exercises a reducing action on the salts. On the other hand, by 
using the sodium sulfito-osmate, 2Na2S08.0s02(S0s)*.5H20, first prepared 
by Rosenheim, it was possible, by the addition of concentrated HBr, 
to obtain a solution of sodium hexabromo-osmate, NaaOsBre. By the 
addition of alkali bromides to this solution the hexabromo-osmates oC 
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ammomum, potassium, rubidium and cesium were prepared, all giving 
fine dark red-brown octahedra. Mention should be made of the continua¬ 
tion of the work of Tschugajew (Z. avorg, Chem., 82, 401, 420; 83, 8) 
on the complexes of platinum with dithioethers, and the extension of this 
work to the compounds of quadrivalent platinum with organic sulfides, 
and of the work of Ramberg 46, 1696, 2353) on platinum complexes 
with xanthogcnates and ethylthioglycolates, which is of a similar charac¬ 
ter. The work is interesting and of great tlieoretical importance, but is 
not yet sufficiently generalized for a brief abstraction. Tschugajew also 
shows (Z. anorg. niem., 83, i) that dimethylglyoxime forms complex 
compounds with rhodium which much resemble those with cobalt but 
are more stable. The complex of rhodium with two molecules of the di¬ 
oxime and two atoms of chlorine is a univalent negative ion, sufficiently 
stable for the isolation of the free acid, while the similar complex with 
the chlorine replaced by ammonia is a univalent kation. 

The oxidizing properties of osmium tetroxide have been studied by 
Hofmann {Ber., 45, 3329; 46, 1657) and it proves to have very marked 
catalytic properties. Its action as a carrier of atmospheric oxygen is 
rather slow, but more rapid under 10 atmospheres pressure and at 50-100°. 
200 cc. of 40% alcohol were oxidized, chiefly to acetic acid, within three 
to four hours by the use of 0.01 gram Osih as oxygen carrier. The cata¬ 
lytic action of OsC)4 is much more marked when the oxygen is furnished 
by chlorates. A mixture of arsenic and potassium chlorate undergoes 
no reaction even in the presence of dilute H2vSf)4, but if a little osmium 
tetroxide solution is added the temperature immediately rises and within 
a minute the arsenic is completely oxidized to arsenic acid with a very 
violent reaction. (This is valuable as a lecture experiment.) Organic 
substances are readily oxidized, as anthracene to anthraquinone. A 
paper covered with osmium dioxide hydrate is bleached in a few seconds 
when immersed in a neutral chlorate solution, the dioxide being oxidized 
to the tetroxide. It seems, from various experiments of Hofmann, that 
an addition compound is formed between the osmium tetroxide and the 
chlorate, and that this compound may act as an oxidizing agent; it must 
itself first unite with the substance to be oxidized, either through secondary' 
valence or adsorption power. Hofmann finds that ruthenium tetroxide 
possesses a similar catal}d;ic oxidizing power but far less strong than that 
of tlie osmium tetroxide. It seems also, from an article by Lehmann 
•{Arch, Pharm,y 251, 152), that osmium dioxide can act as a catalytic re¬ 
ducing agent, especially as a carrier of hydrogen to imsaturated fats. 
A lecture experiment is described in which o.i gram C)s04 is dissolved in 
10 grams olive oil and the whole heated. Then hydrogen is led into the 
hot oil for half an hour, and on cooling the oil solidifies. It is unfortunate 
that osmium is such an expensive element, as great possibilities for its 
industrial as well as laboratory use are indicated in these articles. 

Mucli has been done during the past year on tlie radioactive elements 
•and it looks as if their decomposition products would soon yield themselves 
to system and possibly even find places in the periodic system. In tlic 
near future they may come to demand a place in a review of inorganic 
<ihemistry. At present they should still be treated by themselves. 
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ERRATA. 

HEATS OF COMBUSTION OF OCTANES. 

T. W. Rxchakds and R. H. Jbesb. 

Vol. 32 (1910): 

P. 289, line 13, for 4.179 read 1/4.179. 

P. 292, line 24, for iio.ii read 114.14. 

P. 292, table, last two columns should contain the following figures 
in order (instead of those given): 5448, 5442, 5454, 5444, 5439 (Kilojoules); 
I304> 1302, 1305, 1303, 1301 (Calories). 

P. 292, second line below table, for “5247 to 5261 ** read “5439 to 5454.” 
P. 293, line 5, for “5253” read “ 5445 -'* 

P. 296, table, the last five numbers in the second column of figures 
should read “5448, 5442, 5454, 5444, 5439.'* 

P. 296, table, the last five numbers in the last column of figures should 
read “5482, 5474 . 5487. 5477 . 5472.’’ 

P. 297, line 2, for “688” read “880;” lines 4, and 9, for “172” read 
“no;” line 4, for “hydrogens” read “hydrogen molecules;” line ii, 
for “344” read “220” and for “300” read “424.” 

P. 298, line 13, for “5256” read “5448;” line 14, for “5250,” “5261,” 
and “5252” read ”5442,” ”5454.'* and “5444.” respectively; line 15, 
for ”5247” read ”5439-'' 

The authors are indebted to Professor W. A. Noyes of Illinois and 
Professor W. A. Roth, of Greifswald for the discovery of some of these 
errors, which are in part mere misprints and in part due to an un¬ 
fathomable mistake in the assumed molecular weight of octane. For¬ 
tunately, none of the conclusions of the paper is at all affected by the 
mistakes, because all of the octanes were equally affected by them. 

CORRECTION. 

The last half of the sentence at the foot of page 89 (January number of 
This Jourkai^) instead of reading, “and the molal concentration of the 11 **“ 
ion * X 10^ being plotted as ordinates,” should read, “and the molal con¬ 
centration of the H+ ion X 10* being plotted as ordinates.* ” The number 
(*) refers to a foot-note and does not mean the square of the H“**, as the 
reading would indicate. 

[CONTRlBXnriON FROM THE DEPARTMENT OF CHEMISTRY, UNIVERSITY OF CINCINNATI.] 

INTERPRETATIONS OF SOME STEREOCHEMICAL PROBLEMS 
IN TERMS OF THE ELECTRONIC CONCEPTION OF 
POSITIVE AND NEGATIVE VALENCES. 

1. ANOMALOUS BEHAVIOR OF CERTAIN DERIVATIVBS OF BENZENE. 

By Harry Suiflw Fry. 

Received December 15 . 1913 . 

The fundamental principles employed in various applications of the 
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electronic conception of positive and negative valences have been pre¬ 
sented and discussed in previous papers.^ 

The present series of papers is a further extension of the former prin¬ 
ciples in an endeavor to interpret only a few of the many stereochemical 
problems now confronting us and concerning which Cohen® tersely re¬ 
marks: “It must be confessed that we are still profoundly ignorant of 
the change which substituents effect in the character of the molecule 
as a whole, the causes which determine the rules of orientation—and 
a host of other phenomena of a similar nature.” 

The particular problems to be considered in this paper relate to the 
anomalous behavior of certain derivatives of benzene, and the inter¬ 
pretations herewith offered should be regarded as an extension of those 
principles which are related to the electronic formula of benzene. There¬ 
fore, it will be necessary to recall briefly a few of those principles in order 
to present more clearly the present topics, both theoretical and experi¬ 
mental. 

As a guiding principle, in the application of the electronic conception 
of positive and negative valences to the atoms of any molecule, let it be 
recalled that if the valence of an element is (n) the element may function 
in (w + i) different ways. A simple illustration is found in the case of 
univalent chlorine (n ~ i), which may function in {n + i), i, c., two 

different ways; positively univalent chlorine, Cl, and negatively^ imi- 


valent chlorine. Cl. Experimental evidence for the existence of positive 
chlorine was presented first by W. A. No3res* relative to the constitu- 


C 1 

+1 


+ 


tion of nitrogen trichloride, N-CL* Stieglitz* also postulated the eX' 


1 + 

Cl 


istence of positively and negatively functioning chlorine from the stand¬ 
point of the interaction of chlorine and water according to the equation 
Cl* -f HOH ' 7 ~*' HCl -F HOCl. Employing electronic formulas, this re¬ 
action is represented as follows: 

— + -t-— —+ +— -I— ~ + 

a — a -I- H — o — H h — ci -f h — o — ci. 


‘ Fry, This Journal, 30, 34 (1908); Z . phytik. Ckem., 76, 385, 398, 591 (1911); 
80,39 (191a); 83, 66 s (1913): Tra Journal, 34,864 (1913). 

' "Orsanic Chemistry for Advanced Students,” p. 393. 

• This Journal, 33,460 (1901}. 

« Idid., 3 S> 767 (1913). 

» Ibid., 33t 796 (1901). 
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Consider now the valences of the carbon atom in the electronic formulas^ 
of the typical compounds, methane, methylalcohol, formaldehyde, formic 
acid, carbonic acid and its anhydride, carbon dioxide. If, in these com¬ 
pounds, the hydrogen valences are positive and the oxygen valences 
negative, then the following electronic formulas result: 


H 

+ 

H-C-H 

-+ 

+ 

H 

I. 




•f — + — - 

H-C-O- 


— H H-O- 


+ ~ - 
■ c—o- 

■f 


-H 




O 


IV. 


V. 


The valence («) of the carbon atom is 4; the number of ways in which the 
carbon atom may function (n + i) is 5. The five types (I to V) as 
derived from the above electronic formulas may be indicated as follows: 



I. 





+ 




-C 






IV. V. 


In terms of the electron theory the acquirement of electrons or negative 
valences corresponds to reduction; the loss of electrons, i. the develop¬ 
ment of positive valences corresponds to oxidation. The above types 
represent the successive stages of oxidation in the transitions from methane 
to carbonic acid or its anhydride. 

If benzene nuclei (centric formulas) are composed of the several types 
of carbon atoms noted above, every possible symmetrically constituted 
formula for benzene requires that the hydrogen atoms in positions i, 
3, and 5 are negative while the hydrogen atoms in positions 2, 4, and 6 
(relatively speaking) are positive.* Omitting centric and double bonds, 
the abbreviated electronic formula of benzene is represented as follows: 

1 Fry, Z. physik, Chem., 76, 405 (1911). 

* Ibid., 76, 388 (1911). 
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H 


1 + 



^ I 

II 


Some of the reasons for the proposed electronic formula for benzene 
may be summarized briefly as follows: 

(1) The Kckul^ and centric formulas of benzene fail to show any struc¬ 
tural basis for the relationships existing between ortho and para positions 
in contradistinction to the meta positions. The electronic formula shows 
that if a given hydrogen atom or substituent is negative, then those hydro¬ 
gen atoms or substituents ortho and para to it are each positive while 
those meta to it are each negative. 

(2) Collie’s space formulas for benzene^ constructed with tetrahedron 
models of carbon atoms shows the existence of two distinct sets of hydro¬ 
gen atoms, namely, tlie 1,3,5-sct and the 2,4,6-set. Concordantly the 
electronic formula for benzene presents two distinct sets of hydrogen 
atoms, namely, the 1,3,5-set which functions negatively in contradis¬ 
tinction to the 2,4,6-set which functions positively. This feature is 
maintained when the electronic formulas or “electromers” of benzene 
are in the states of dynamic equilibria presented by Collie’s space formulas.^ 

(3) The existence of two sets of hydrogen atoms enabled Collie to pro¬ 
pose a stereochemical explanation of the Crum Brown and Gibson Rule.®^ 
The electronic formula of benzene likewise lends itself to an interpretation 
of the same rule, showing how meta disubstitution derivatives are formed 
in some cases while ortlio and para diderivatives result in others. 

One of the many anomalies encountered in the formation of disubsti¬ 
tution derivatives of benzene is the behavior of chlorobenzene and nitro¬ 
benzene when nitrated and chlorinated, respectively. Chlorobenzene 
when nitrated gives ortho and para chloronitrobenzenes while nitro¬ 
benzene when chlorinated yields only metachloronitrobenzene. Ac¬ 
cording to principles previously developed from the Crum Brown and 

1 J. Chem. See., 71, 1013 (1897). 

2 Fry, Z. physik. Chem., 76, 400 (1911). 

• J. Chem. Soc., 61, 366 (1892). 

* Fry, Z. physik. Chem., 76, 391 (1911)* 
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Oibson Rule, the electronic formula of chlorobenzene is C6Ht.Cl while 

— + 

that of nitrobenzene is CeHs.NOs. Hypochlorous and nitric acids are 
represented thus: 

O 

+ — — “f — + — 4* 

H-O-a « HO.Cl; H-O- N « HO.NO, 

+ 1+ 

O 

4 — — 4 

When, therefore, CeHs-Cl is nitrated, i. e., reacts with HO.NO 2 , the posi¬ 
tive^ nitro group replaces a positive hydrogen atom. Positive hydro¬ 
gen atoms occupy positions ortho and para to the negative chlorine atom. 
Consequently the nitro radical must occupy positions either ortho or para 
to*the chlorine atom in accordance with the following scheme: 


Cl Cl a 



H+ H+ NO,-^ 


On*the other hand, in the chlorination of nitrobenzene, since absolutely 
anhydrous clilorine does not react with anhydrous reagents, it follows 
that the substitution of chlorine Ih nitrobenzene may involve the forma- 

** — 4 

tion of hypochlorous add (HO.Cl) which in turn reacts according to the 
iollowing scheme: 


H H H 



Thus when substituents are of the same sign or polarity they occupy posi- 
iions which are meta to each other. If two substituents are of opposite sign or 
polarity they will occupy positions either ortho or para to each other. This 
principle may serve as the basis of a general rule for the determination 
of the positions of substituents in the benzene nudeus. 

The proposed electronic formula for benzene, and the above principle 
of substitution applied thereto, indicate that the chlorine atom in or^o 
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The same formulas have been derived through the application of the 
conception of positive and negative valences to the Brown and Gibson 
Rule. They are correlated to the electronic formula of benzene and afford 
an interpretation of the apparently anomalous behavior in the reactions 
just described. 

In this connection an interpretation of the action of the halogens, bro¬ 
mine and iodine, upon silver benzoate may be of interest. Silver benzoate 
reacts readily with liquid bromine, and violently with iodine at a tempera¬ 
ture of 150®. The products are meta bromo- and meta iodobenzoic acids 
and silver bromide and iodide respectively: (X = Br or I) 




Why does the halogen atom which enters the ring assume a position 
meta to the carboxyl in preference to an ortho or para position? Accord¬ 
ing to the electronic conception of positive and negative valences the 
halogen molecule, X2, undergoes dissociation yielding a positive and a 
negative halogen atom: 

+ 4. — 

Xj = X — X :^±: X -f X 


The electronic formula of silver benzoate requires that tlie carboxyl 
radical be pjjpsitive since it is a derivative of carbonic acid in which all 
of the four valences, of the carbon atom function positively. In other 
words, the carbon atom of the carboxyl radical in benzoic acid is in the 

same state of oxidation as is the carbon atom in carbonic acid or its an- 
— + + — 

hydride, 0 =C—= 0 . Experimental evidence substantiating this as- 

— 4 - + — 

sumption is afforded by the fact that iodine chloride and sodium benzoate 
interact giving iodobenzene, sodium chloride and carbon dioxide ac¬ 
cording to the following equation: 

— 4. 4.— —4. ^4. 

CtUs -C-O-Na -f Cl-II —► 

+ 14 - 

-4. 4.- _4.4._ 

L CeHfi-1 H- Na-Cl -f 0:z=C=^:==:0. 

^ — + + — 


Since the carboxyl radical in benzoic acid is positive, the interaction 

4 - 

^ The electronic formula for iodine chloride, I-Cl, is evident from its interaction 

with potassium hydroxide yielding potassium chloride and potassium hypoiodite, thus: 
+ — — + '— + 

2K -O-H -f Cl-1 —► » 

+— +— —+ +— —+ 

K-a + K-O-1 -h H-O-H. 
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of the halogens, bromine and iodine, with silver benzoate must be repre¬ 
sented by the following electronic formulas: 


H 



H 



The positive silver must combine with negative halogen leaving the posi¬ 
tive halogen to enter the ring. The positive hydrogen atoms of the ring 
occupy positions meta to the positive carboxyl group. Therefore, the 
entering positive halogen atom, in substituting a positive hydrogen 
atom, must likewise occupy a position meta to the positive carboxyl 
radical. This reaction substantiates the electronic formula for benzene* 
Furthermore, the dissociation of the halogen molecule into positive and 
negative parts, as indicated in the above equation, is a confirmation 
of the idea suggested at an earlier date by W. A. Noyes^ that “If we sup¬ 
pose what seems not to be improbable, that all reactions involving the 
decomposition of molecules are preceded by an ionization of the parts 
of the molecules, it would follow that elementary molecules as well may 
ionize into positive and negative parts.” 

Otlier stereochemical rearrangements, presented by Chattaway and 
Orton^ in their study of the substituted nitrogen halides, have been inter¬ 
preted in terms of positive and negative valences in a previous commtmi- 
cation^ further demonstrating that halogen atoms may function not only 
negatively but also positively.^ 

Reference may now be made to the differences in behavior of the carb¬ 
oxyl radicals in the benzene nucleus, some of w^hich function negatively 
while others function positively. The anomalous behavior of the dihydro 
phthalic acids is worthy of note. Baeyer has shown that the 
and A®*® acids when oxidized yield l^enzoic acid through the loss of one 
molecule of carbon dioxide. There has been much speculation as to why 
only one molecule instead of two molecules of carbon dioxide is removed 

^ This Journal, 23, 460 (1901)* 

2 J. Chem. Soc., 75, 1046; Ber., 32, 3572. 

3 Fry, This Journal, 34, 667 (1912) 

H- 

* The possibility of an clectromer of the type R.X passing to an electrotner of the 

— 4 

type R.X is re\’iewed in the following paper (This Journal). Detailed evidence of 
such changes is presented by 1 / W. Jones in the last number of the Am. Chem. J., 
Dec., 1913- 
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from the adds in question.^ The mterpretation of this anomaly as pre* 
sented in a previous paper^ will now be briefly indicated since it is here* 
with to be extended to the interpretation of other anomalies manifested 
by certain substituted oxybenzoic adds. 

The dectronic formula of benzene requires that substituents occupying 
ortho positions to each other be of opposite polarity. Consequently 
in phthalic acid one carboxyl radical functions positively and the other 
negatively, thus 



If reference be made to the electronic formulas of formic and carbonic 

adds, it is evident that the carboxyl radical in formic add is negative 
+ — — + 

(H-COOH) while in carbonic acid it is positive, (HO-COOH). 

Furthermore in formic add three of the valences of the carbon atom are 
positive and one is negative. Accordingly formic acid on decomposition 
ordinarily yields carbon monoxide and water: 

H-H--h +— —+ + + — 


H 



O 


H 


H-O-H + C 0 « 


O 


On the other hand, in carbonic acid and its anhydride each of the four 
valences is positive. Accordingly carbonic add on decomposition yields 
water and carbon dioxide: 

+ —-h +— —H- H--h — 4 - 4 * — 


H-O 



O-H 


H-O-H + 0 = C ==0 

— 4 - 4 - — 


O 


From the above it is evident that a carboxyl radical which is negative 
corresponds to the stage of oxidation represented by the carbon atom in 
formic add, which does not lose carbon dioxide. On the other hand a 
caiboxyl radical which is positive corresponds to the stage of oxidation 
represented by the carbon atom in carbonic add, which very readily loses 

^ Baeyer, Ann,, 369,178 (1892); BrOhl, J, prakt, Ckem,, [2] 49, 329 (1894); Cohen, 
^'Organic Chemistry*' (Longmans, Green & Co.), 1907, p. 461. 

»Fry, This Jootn-ai,, 34,671 (1912). 

* The free positive and the free negative valence of the carbon atom in carbon 
monoxide become neutral. In other words, carbon in carbon monoxide is divalent; 

4 - 4 - — 4 * — 

c==o —► c = o 

+ — 


4 * 
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carbon dioxide. Therefore, dihydro phthalic acid, which embodies a 
negative carboxyl radical and a positive carboxyl radical, loses only one 
molecule of carbon dioxide, a result of the decomposition of the positive 
carboxyl radical as indicated in the following scheme: 


O 



6 


This explanation may now be extended to the interpretation of many 
other anomalous phenomena involving the liberation of carbon dioxide 
from various substituted benzoic acids. 

Cazeneuve^ in a study of the decomposition of various hydroxybenzoic 
acids found that some of them readily lose carbon dioxide when heated 
with water or aniline, while others were quite stable, v For instance, ortho- 
hydroxybenzoic acid (salicylic acid) when heated with aniline to 240® 
in a sealed tube gave phenol and carbon dioxide. Parahydroxybenzoic 
acid likewise gave carbon dioxide but tlie meta acid suffered no change. 
The instability of the ortho and the para acids and the stability of the 
meta acid may be interpreted in terms of the electronic formula of benzene 
and the polarity of the carboxyl radicals. These radicals in ortho and 
parahydroxybenzoic acids must function positively, t. e,, they correspond 
to the state of oxidation represented by carbonic acid and therefore may 
yield carbon dioxide. Furthermore, if the hydroxyl radical in the hydroxy 
benzoic acids is negative, then the electronic formulas for the ortho- 
and parahydroxybenzoic acids require that the carboxyl radicals be posi¬ 
tive, while the carboxyl radical in the meta acid must be negative. The 
metacarboxyl radical being negative corresponds to the state of oxidation 
of formic acid and, therefore, does not lose carbon dioxide. The correla¬ 
tion of these phenomena with the conception of positive and negative 
valences is expressed in the following formulas for ortho-, para- and meta- 
hydroxybenzoic acids: 

‘ BulL soc. chim., (3I 15, 7 (1896). 
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(unstable: lose carbon dioxide) (stable) 

Prom the above, a general conclusion may be drawn, namely, that a 
carboxyl radical either ortho or para to a negative hydroxyl radical is positive 
and, therefore, unstable, yielding carbon dioxide when heated with water or 
aniline. On the other hand, a carboxyl radical meta to a negative hydroxyl 
radical is also negative and, therefore, stable, not yielding carbon dioxide when 
heated with water or aniline. 

The above conclusion receives remarkable confirmation by the recent 
and numerous experiments of Hemmelmayr* in an extensive research 
''Concerning the influence of the nature and position of substituents upon 
the stability of the carboxyl radical in the substituted benzoic acids/" 
Cazeneuve estimated the relative stability of the carboxyl radicals by com¬ 
paring temperatures at which different compounds eliminated carbon di¬ 
oxide. Hemmelmayr’s method is more comprehensive, in that he heated 
weighed quantities of various acids with either 50 cc. of water or 50 cc. 
of aniline and estimated quantitatively the amounts of carbon dioxide 
liberated. In this manner he experimented with thirty-nine differently 
substituted hydroxybenzoic acids. Their behavior in general conformed’ 
to the rule indicated above. In other words, an examination of the formula 
showed that every acid which contained a carboxyl radical either ortho 
or para to an hydroxyl radical yielded carbon dioxide. On the other 
hand, those acids in which the carboxyl group was neither ortho nor para 
but only meta to an hydroxyl radical did not yield carbon dioxide. Thirty- 
five of the thirty-nine variously substituted hydroxybenzoic acids con¬ 
formed to this generalization. Among thirteen mono-, di-, and trihydroxy- 
benzoic acids there was not one exception. Hence it must be concluded 
that the electronic formula of benzene and the conception of positively 
and negatively functioning carboxyl radicals afford an interpretation of 
the anomalous behavior of numerous and differently substituted hydroxy¬ 
benzoic acids, some of which lose carbon dioxide while others do not. 

While it is thus evident that positively functioning carboxyl radicals 
lose carbon dioxide when heated with water or aniline, nothing has been 
found in the literature which would indicate or explain the mechanism, 
of these reactions. 

* Monatsh., 34, 365 (1913). 
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In attempting to explain the action of water or aniline it should be 
moted that each of these reagents, which effect the elimination of carbon 
•dioxide contains an unsaturated atom, i. e., oxygen may increase its 
valence from two to four while nitrogen in aniline and other amines (or 

■ammonia) may increase its valence from three to five. For instance, 

— 

the combination of aniline with hydrogen halide (H-X) may be repre¬ 
sented as follows: _ + 


CnHfiNH* 


H — N 





CeHfis^ 

H —N 


/ \. 


X 


Since Hemmelmayr has found that amines other tlian aniline effect the 
elimination of carbon dioxide it is advisable now to limit this explanation 
to the unsaturated state of the nitrogen atom in amines. 

In a recent paper' I have shown that the unsaturated nitrogep atom in 
the amine, pyridine, lends itself to the elimination of hydrogen sulfide 
in a new reaction for tlie preparation of thiocarbanilides, according to 
the equations : 

2 RNH2 CS2 -f CiHsN —atNH),CS 4 - Cj,HsN<' 

^SH 


C6H6N<f —► CiHeN -f H.SH. 

^SH 


In other words pyridine combines with the elements of hydrogen sulfide 
forming the unstable pyridinium sulfide w^hich, decomposing, regenerates 
the original pyridine and ehminates hydrogen sulfide. Analogously it 
may be assumed that an unstable addition compound of an amine and the 
'oxybenzoic acid is formed which, decomposing, regenerates the amine 
and liberates carbon dioxide. 

The validity of this assumption was put to an experimental test by em¬ 
ploying pyridine as tlie amine and chlorocarbonic ethylester as an analogue 
of an hydroxybenzoic acid. The possibility of the elimination of carbon 
dioxide from chlorocarbonic ethylester is warranted, since all of the valences 
of its c^bon atom are positive and so correspond to the state of oxidation 
of the carbon atom in carbonic acid and carbon dioxide. This follows 
from its interaction with water: 

—-1- “f— —+ -h— —-f -f- 

Cl-C-O - CiW -f H-O-H —► H-Cl -f 

4. 4. 

4 -— —+ — + + — 

- CgH*-O-H + 0 =-^-C-^ 0 . 

u ... 4. 4. ^ 

» This Journal, 35, 1539 (1913)- 

* Chlorocarbonic ethylester is very frequently but incorrectly called “chloro- 
lormic ethylester'' which implies that it is a derivative of formic acid. If such were 
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When chlofocarbonic ethylester is dissolved in an anhydrous solvent 
(carbon tetrachloride, benzene, or toluene) the addition of a like solution 
of pyridine yields at once an extremely unstable addition-compound 
(white solid, not yet isolated) which spontaneously decomposes, liberating 
carbon dioxide and ethyl chloride. The following experiments were per¬ 
formed in order to determine quantitatively the extent of the decomposi¬ 
tion of various amounts of chlorocarbonic ethylester by a fixed amount of 
pyridine. 

3.95 grams of pyridine (V20 mole) were dissolved in 25 cc. of absolute 
toluene, contained in a 200 cc. round bottomed flask suspended in a water 
bath. The flask was securely fitted to a dropping funnel (for the intro¬ 
duction of the chlorocarbonic ethylester) and to a long, upright spiral 
condenser. The upper end of the condenser was connected by glass 
tubing to a gas washing bottle containing toluene which was kept at a 
constant temperature of o® (for the absorption of ethyl chloride) and satu¬ 
rated with carbon dioxide. The wash-bottle was in turn connected to 
U-tubes filled with soda-lime and accurately weighed for the absorption 
of carbon dioxide liberated in the reaction. 

2.71 grams (V40 mole) of chlorocarbonic ethylester dissolved in 10 cc. 
of toluene were admitted to the flask by way of the dropping funnel. 
The white, flaky solid which was formed immediately decomposed with 
such vigor that it became necessary to immerse the flask in cold water, 
and thereby control the rate of the elimination of carbon dioxide. The 
last traces of carbon dioxide had to be driven over by heating the reaction 
mixture and then drawing air through the entire apparatus. The increase 
in weight of the U-tubes due to the absorption of carbon dioxide was 
0.9720 gram. 

The above operation (addition of V40 mole chlorocarbonic ethylester 
and its subsequent decomposition) was carried out three times in succes¬ 
sion, thereby bringing into reaction V40, V40, and */4o moles of the ester 


the case then its carbon atom must possess three positive valences and one negative 
valence in order that it correctly correspond to the state of oxidation of the carbon 
atom in formic acid. Its electronic formula would then be as follows: 

+ — H-— + 


Cl 



o 


C2H6. 


# 


o 

This ‘^electromer'* if hydrolyzed could not yield carbon dioxide directly. 


+ — — 4 - 

would be h3rpocblorous add (H-O-Cl) and ethyl formate 

•f — + —- — -f 


(H- 


-O- 


-C2H,). 


The products 


O 
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with a fixed quantity (V20 mole) of pyridine. Each addition was accom¬ 
panied by an energetic liberation of carbon dioxide and ethyl chloride. 
The following table presents the molecular ratios of the interacting sub¬ 
stances, the quantities employed, the amounts of carbon dioxide evolved 
and the corresponding percentages of the theoretical yields of carbon 
dioxide based upon the ratio CICO2C2H5 : CO2: 

C»II&N. ClCOiC*H*. COs. Per cent. 

Molecular ratios. (Grams) (Grams) (Grams.) of theory. 


2 CfrHtN : I ClCOjCiHt. 3-95 

2 CJEN : 2 CICO2C2II6. 3.95 

2 CJhN : 3 CICO..C2H6 . 3.95 


2.71 

0.9720 

88.36 

5.42 

I 8960 

86.18 

8.13 

• 2.7305 

82 74 


The reaction mixture in tlie flask still contained pyridine which effected 
tlie decomposition of additional quantities of chlorocarbonic elhylester. 
Hence it must be concluded that the pyridine acts as a catalytic agent 
in effecting the elimination of carbon dioxide from the ester through the 
intermediate formation of an unstable addition compound. The reactions 
involved may be represented by the following equations: 

— ++ — — 4. — 4.4_ — — 4. 

CtHsN 4 - Cl-C-C)- CsHb —^ CdhN-C-- O-C2H5 — 

-f-jj-h |-h +jj4- 

6 a 6 

— -i + + — 

0 - C - - <J + Cilh — Cl -f CdUX 

— .f. 4. 


I have found that aniines, other than pyridine, also effect tlie elimination 
of carbon dioxide from chlorocarbonic methyl-, ethyl- and propylesters. 
Hemmehnayr has found that amines other than aniline effect the elimina¬ 
tion of carbon dioxide from various hydroxy benzoic acids in which the 
carboxyl radicals have been shown to function positively. Therefore, 
equations perfectly analogous to those above may represent the action 
of an amine of the general formula R3N upon an hydroxybenzoic acid 
(or any other substituted benzoic acid in which the carboxyl radical is 
positive) as follows:^ 

(R = alkyl, aryl, or H; X == OH or other substituent): 

_4.4. 4. 

R,N -f - X.aHi-C-O-H —► RjN-C-O-H — 


4 -! 

+ 

- 1 - 4 - 

1 


_ — 


O X.CfilL O 


— 4. 4. — — 4 ’ 

-f X.CeH*-H -f RaN. 

— + -f — 

The formation of an intermediate unstable compound of the amine 
and the acid depends upon an increase in the valence of Uic nitrogen 
^ Equations showing the formation of the amine salts of the acids have been omitted 
as they are not essential to the principal changes involved. 
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from three to five. Similarly, the action of water in effecting the elimina¬ 
tion of carbon dioxide would depend upon the formation of an unstable 
oxonium compound through an increase in the valence of the oxygen 
atom from two to four as indicated in the following equations, which are 
perfectly analogous to those above: 

+ -j-— — + 

H2O + X.C«H 4 -C-O-H —► H2O-C-O-H —► 


4- 

14- 

4- 4- 

— 

u 

_ — 


O X.CeHi O 


— 4- + — — 4“ 

O—=C—+ X.CeH-H + H2O. 

— 4- + — 

Thus the electronic conception of positive and negative valences not 
only indicates the nature of the radicals which, through the action of amines 
or water, lose carbon dioxide but it also affords a possible interpretation 
of the way in which the reactions proceed. The theoretical deductions 
are based upon experimental facts and data afforded by the analogous 
action of pyridine upon chlorocarbonic ethylcster. 

In conclusion it may be remarked that the electronic conception of 
positive and negative valences and the electronic formula of benzene, 
afford explanations of certain anomalous properties and reactions which 
are generally classed as stereochemical problems. The possibility of 
interpreting some of these properties and reactions indicates that they are 
not necessarily anomalous or irregular. Hence it is hoped that a further 
extension of the principles and methods herewith presented may lead to 
the interpretation and solution of other problems. 

The following article may be regarded as a continuation of the present 
paper, but only in so far as it relates to the electronic formula of benzene, 
which involves the question of the existence of negatively functioning 
hydrogen. 

Cincinnati, Ohio 


[Contribution from thb Department of Chemistry, University of Cincinnati.] 

POSITIVE AND NEGATIVE HYDROGEN, THE ELECTRONIC 
FORMULA OF BENZENE, AND THE NASCENT STATE. 

By Harry Shiplry Fry 
Received December 15. 1913. 

That a univalent atom, chlorine for example, may function either posi¬ 
tively or negatively has been conclusively demonstrated from several differ¬ 
ent standpoints.* The other halogens, bromine and iodine, also have 
been shown to dissociate into positive and negative parts in their inter- 
‘W. A. Noyes. This Journal, 23, 460 (1901); 35, 767 (1913); Stieglitz, Ibid., 
33 . 796 (1901); Walden, 2 . physik. Chem., 43, 385 (1903): Fry, Ibid.. 76,387, 395 (1911). 
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actions with silver benzoate.^ Accordingly, if X2 represent molecular 
halogen, dissociation from the standpoint of the electronic conception of 
positive and negative valences is represented thus: 

X. - X — X :5=?: X -f X. 

From the same standpoint, one may assume that molecular hydrogen 

dissociates into positive and negative hydrogen. While the existence 

4* 

of positive hydrogen (hydrogen ion, H) is indisputable the question of 
the existence of negative hydrogen is open to discussion. 

In previous papers it has been shown that the occurrence of three posi¬ 
tive and three negative hydrogen atoms in the electronic formula of benzene 


H 



H+ 


is a necessary consequence of the application of the electronic conception 
of positive and negative valences to the constituent atoms of the benzene 
molecule. Hence, the purpose of the present paper is threefold: (i) To 
offer theoretical arguments for, and experimental evidence of the existence 
of negative hydrogen; (2) to consider the facts which require the assump¬ 
tion of the existence of positively and negatively functioning hydrogen 
atoms in the benzene nucleus; and (3) to propose a definition of the so- 
called “nascent state.” 

A rigid application of the conception of positive and negative valences 
to the molecular formulas of hydrogen and chlorine has led to conclusions 
which have not as yet been completely verified by experiment. For 
instance the molecular formulas of these gases and their chemical combina¬ 
tion, preceded by dissociation, may be represented as follows: 

-f — ’ 4- -- 

Co = H-H H 4- H 

— 4- — 4 - 

Cls =■ Cl-Cl Cl + Cl 

It It 

4- — — 4- 

n — Cl H — Cl 

Thus, when two or more types of a structural formula are possible I have 
termed them, for the sake of reference, “electronic isomers ” or, more briefly, 
“electromers.”^ In order to account for the existence of only one elec- 
1 Fry, preceding paper. 

* Fry, Z. physik. Chem., 76, 387 (1911). 
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tromer, when theoretically two (or more) are possible, the following as- 
sumptions have been made: One electromer may revert to another 
through the transposition of electrons as indicated in the scheme: 

H—Cl H + Cl H + ( 8 ) + ClH + Cl H + c) + 
+ _ — 4- _ — + 

Cl H + Cl " 7 ^ H-Cl; or the one electromer may be the pre¬ 

dominating or sole type, depending upon certain physical conditions. For 
example an aqueous solution of hydrogen chloride yields positive hydrogen 

and negative chlorine ions. Therefore, the dissociating molecules are 

+ ~ 

presumably of the type H-CL + 

The assumed existence of two types of hydrogen chloride, H.Cl and 

— -f • 4 — 

H.Cl, is paralleled by the two possible types of chlorobenzgne, CeHs.Cl 

— 4 4 — 

and CeHs.Cl, which in turn may be regarded as derivatives of CgHb.H 

— 4 

and CeHs.H, respectively. Notwithstanding the fact that only one mono- 
chlorobenzene is known, it has been shown in the preceding paper that 

the benzene nucleus is united to negative chlorine in ortho and in para 

4 — 4 — 

chloronitrobenzenes (NO2-C6H4-Cl), and to positive chlorine 

4 — — 4 

in metachloronitrobenzene (NO2- CoIIa -Cl). Why then are there 

not two monochlorobenzenes? One is compelled to assume, either tliat 
the one electromer is unstable (under ordinary physical conditions) and 
that it reverts to the known stable electromer through the transposition 
of electrons, thus, 

— 4 H- 

CeBs -Cl —C«HsCl —> -Cl; 

or that monoclilorobenzene is an equilibrium mixture of two tautomeric 
electromers, thus, 

— 4 4 — 

C 6 H 5 -Cl CtHs -CL 

This latter assumption could be verified if it were possible to hydrolyze 
chlorobenzene and thereby obtain two .different products, namely, phenol 
and benzene, according to the following equations, (i) and (2), respec¬ 
tively: + ^ ^ 

(1) C6Hs.C 1 -f H.OH —CeHj.OH -f H.Cl 

— + + — — + — + 

( 2 ) C«Hs.Cl + H.OH —► C6 Hs.H + HO.Cl 

But, as a matter of fact, monochlorobenzene does not undergo hydrolysis 
either by acids or bases. In other words, it has been impossible so far to 
prove directly whether the chlorine atom in monochlorobenzene is positive or 
negative. This, however, is not the case with all monosubstituted de¬ 
rivatives of benzene. For instance, in the preceding paper, it has been 
shown that the carbdiicyl radical in benzoic acid is positive. Furthermore, 
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the (SOsH) radical in phenylsulfonic acid may function either positively 
or negatively. This follows from the fact that phenylsulfonic acid on 
hydrolysis in alkaline solution^ yields phenol and sulfurous acid while 
in acid solution or with superheated steam the products are benzene and 
sulfuric acid. The equations for these reactions (perfectly analogous to 
equations (i) and (2) above), are as follows: 

(1) C^HySOtU -f H.OH —aHs.OH + H.SOjH 

(2) C 6 lIs.SO,H + H.OH —► C6H5.H + HO.vSOjH. 

L. W. Jones was the first to consider the hydrolysis of phenylsulfonic 
acid from an electronic standpoint, regarding the transfer of electrons 
between the carbon and sulfur atoms as an intramolecular oxidation or 
reduction.^ 'Subsequently, Bray and Branch^ interpreted this behavior 
of phenylsulfonic acid as an example of tautomerism: 

+ — — 4 - 

Cdh -SO,H Cdh -SOsH. 


The experimental facts, interpreted from either of the above view¬ 
points, lead to the conclusion that the electromers of phenylsulfonic acid 

+ — — H- 

may be regarded as derivatives of Celle.H and Celis-H, respectively. 
Furthermore the hydroxybenzoic acids, ortho and para, have been shown 
to contain positive carboxyl radicals, while the metahydroxybenzoic acid 

contains a negative carboxyl radical. These compounds may likewise 

— 4* -j- — 

be regarded as derivatives of CaHs.H and CeHs.H, respectively. 

The formulas of the various derivatives of benzene heretofore considered 

may now be tabulated in two columns. Those in the first column are to 

— 4 “ 

be regarded as derivatives of those in the second column as de- 


4 * — 

rivatives of CeHs.H. 

— + 
Ciin.H 

— 

(C0H5.CI) ? 
— 4 - 


+ — 
C*H6.H 

4 - — 

(CeH5.Cl) ? 
4 - — 


CeH«.SO*H* 
— 4- 

meta-(NOj)C.H4.Cl* 


C.H,.SOai» 
+ - 


ortho-(NO.)CeH4.Cl* 

+ — 


para-(NOj)Cai4.Cl* 

— + + — 
ortho-(HO)C,H 4 .COOH* meta-(HO)C6H4.COOH* 

— 4 

para-(HO)C«H4.COOH ♦ 


‘ It is noteworthy that phenol is formed in the presence of negative hydroxyl ion 
while the hydrocarbon, benzene, is formed in the presence of positive hydrogen ion. 
This feature will be considered more fully in a subsequent paper. 

• Jones, Am, Chem. 48, 26 (1912). 

» This Journal, 35, 1445 (1913). 



266 


HARRY SHIPLEY FRY. 


It should be noted that the polarity of the radicals followed by an as¬ 
terisk has been confirmed either directly or indirectly by experimental 
observations described in previous papers, from which it is evident that 
certain substituents in the benzene nucleus function sometimes positively, 
sometimes negatively. It may then be concluded that those atoms or 
radicals which function positively have substituted positive hydrogen 
atoms of the nucleus. On the other hand, those atoms or radicals which 
function negatively have substituted negative hydrogen atoms of the 
nucleus. This, of course, is only an indirect proof of the existence of posi¬ 
tive and negative hydrogen atoms in the benzene nucleus. In like manner 
we speak of the existence of carbonic and sulfurous acids when as a matter 
of fact chiefly their derivatives, that is to say their substitution products, 
are known. A direct proof of the existence of negative hydrogen will 
be presented after some theoretical arguments have been considered. 

It has been observed that only one electromer of hydrogen chloride 
+ — 

is known, namely, (H-Cl), since its aqueous solution yields positive 

hydrogen and negative chlorine ions. It has also been shown on theoretical 
grounds that this fact does not preclude the possible existence of negative 
hydrogen and positive chlorine ions in an aqueous solution.* For instance, 
during the electrolysis of hydrochloric acid, negative hydrogen may re¬ 
sult by cathodic reduction, and positive chlorine ions arise by anodic 

oxidation: A hydrogen atom carrying a unit positive charge may lose 

4- ^ 

it on contact with the cathode; H + (~) —> II. The resulting neutral 
atom immediately acquiring a negative charge becomes a negative hydro¬ 
gen ion; H + ( 5 > —^ H, which is then immediately repelled from the 
cathode to combine with one of the approaching positive hydrogen ions, 

— -f *f — 

thus forming a molecule of hydrogen ; H + H —> H-H = H2. An 

analogous and simultaneous process may take place at the anode: 

— + + — + — 

Cl + (?) —> Cl; Cl -i- (?) —Cl; Cl -f Cl —► Cl-Cl = CL. 

Are there any facts to warrant the assumption of the existence of posi¬ 
tive chlorine ions at the anode? The existence of positive chlorine ions 
is substantiated by the apparently anomalous facts, that on electrolysis 
concentrated solutions of hydrochloric acid yield equal volumes of hydro¬ 
gen and chlorine while very dilute solutions yield hydrogen at the cathode, 
but no free chlorine at the anode. Instead an equivalent amount of oxy¬ 
gen is evolved. Ostwald^ states that '‘This is due to the fact that the 
water is decomposed by the chlorine with the formation of hydrogen 
chloride and oxygen according to the equation 2 H2O + 2 CI2 = 4 HCl + 

^ Fry, Z. physik. Chem., 76, 387 (1911)* 

2 ‘Trindples of Inorganic Chemistry,” p. 195 (1902). 
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O2. This process, it is true, takes place with measurable velocity only 
in light; we may, however, assume here, as in similar cases, that the process 
takes place without light, only very slowly.*’ This explanation may be 
modified and extended since the liberation of oxygen from solutions of 
chlorine in water is due to the decomposition of the intermediately formed 
hypochlorous acid according to the generally accepted equations: 

Cl, -f HOH HCl -f HOCl; 2HOCI —2HCI + O,. 

To admit the existence of hypochlorous acid is to admit the existence 
— + 

of positive chlorine, (HO.Cl). The decomposition of water by chlorine 
may be regarded as an oxidation of the hydroxyl ion by the positive chlor¬ 
ine ion as follows:^ 

2HO -►2H-f20 ) + + 

+ - r —O -f- O - o> 

2 CI —> 2 CI + 40 j 

— T ■+• — 

or summarized more briefly, 2HO + 2CI —► 2H + 2CI + Oo. It is 
evident that this oxidation could take place only in the presence of a very 
low concentration of hydrogen ions since concentrated solutions of 
hydrochloric acid on electrolysis yield no oxygen. A high hydrogen 
ion concentration obliterates the hydroxyl ion concentration. Conse¬ 
quently the positive chlorine ions combine with the negative chlorine ions 

+ — 

to form molecular chlorine in concentrated solutions: Cl + Cl —► CI2. 
Thus, the existence of positive chlorine ions at the anode accounts for the 
fact that dilute solutions of hydrochloric acid yield oxygen while concen¬ 
trated solutions yield chlorine. Accordingly, if positive chlorine ions 
result from anodic oxidation of negative chlorine ions, then negative hy¬ 
drogen ions may arise by cathodic reduction of positive hydrogen ions 

and, therefore, precede the liberation of molecular hydrogen according 

— + 

to the equation: H + H —► H2- 

Analogously, negative hydrogen ions may be formed and function in 
the production of molecular hydrogen when metals interact with water 
or acids according to the general equation: M (a divalent metal) + 

4. 44 

2H —► M + H2, which is represented from the electronic standpoint 
as follows: 

+ + ^4 — 4 — 

M - M + 2 ( 3 ); H + ( 3 ) —► H; H + < 3 ) —► H; H + H —> Ha. 

^ Nernst ('*Theoretical Chemistry,” English trans , 1911, p. 767) regards the action 
of chlorine upon oxygen ions, molecular oxygen being liberated, as analogous to action 

4 — — 

of chlorine on bromine ions. Electronic equation for latter: (Clj = Cl Cl) + aBr ' > 
2 Cl + (Br.Br = Br,). 
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In this connection, direct evidence of the existence of negative hydrogen 
is afforded by the hydrides of the metals, for example, sodium hydride, 
NaH. Reference should be made to the interaction of sodium, on the 
one hand, and of sodium hydride on the other, with water according to 
the equations (i) and (2), respectively: 

(i) aNa + 2HOH —► aNaOH + H. 

* (a) NaH + HOH —► NaOH + H, 

From an ionic standpoint these reactions are represented as follows: 

+ + 

(i) aNa + aH —► aNa + H, 

+ + 

(a) NaH + H —► Na + Hj 

A further analysis of these reactions from an electronic standpoint re¬ 
quires that sodium be regarded as a compound of positive sodium with a 
negative electron, (Na ( 3 ) ), the interaction of which with water (or posi¬ 
tive hydrogen ions) yields molecular hydrogen according to the general 

electronic scheme indicated above. Analogously sodium hydride is a 

“I- 

compound of positive sodium with negative hydrogen, (NaH), and the 
ionic equation (2) above is represented electronically as follows: 

-f — + ~ + ~ 

NaH * Na-H —> Na + H; H + H —> H*. 

In other words, sodium hydride may be regarded as an ionogen which, 
dissociating yields positive sodium and negative hydrogen*.^ 

Further evidence that the hydrogen of sodium hydride functions nega¬ 
tively is shown by the* formation of sodium formate according to the equa¬ 
tion : NaH + CO2 —► HC02Na.® It has been shown previously that each 
of the four valences of the carbon atom in carbon dioxide is positive while 
in formic acid one of the carbon valences is negative. It follows, there¬ 
fore, that when sodium hydride combines with carbon dioxide one of the 
positive valences of the carbon atom in carbon dioxide is reduced to a 
negative valence by the negative hydrogen of sodium hydride. The nega¬ 
tive hydrogen naturally tends to become positive and accordingly yields 
two electrons which are just sufficient to reduce one positive valence of 
carbon to a negative valence which, in turn, binds the resultant positive 
hydrogen atom: 

NaH —> Na -f H; H —► H + 2 (c> 

CO2 = O c = o —o == c — o — 

- + + - - + 1 + 

1 Results of experiments on the electrolysis of hydrides of metals will be presented 
in a subsequent paper. 

* Moissan, Compf. rend., 136, 723 (1903). 
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— + ’ + — — + 

0=:C-O— + 2 + H + Na 

~ +1 + 


o 



+ — 
c- 


1+ 

H 


— 4. 

O-Na 


Again, the existence of negatively functioning hydrogen is shown by 
the interaction of silicon hydride and aqueous potassium hydroxide. 
One volume of the former yields four volumes of hydrogen according to 
the equation: 

SiH4 + HOH + 2KOH —> K2Si03 + 4H2. 


Now, potassium silicate is analogous in composition to potassium carbonate 
a derivative of carbonic acid in which each of the valences of the carbon 
atom functions positively. Therefore each of the valences of the silicon 
atom in potassium silicate functions positively. Furthermore since 
neither water nor potassium hydroxide acts as a reducing agent in the 
above equation, one must conclude that each of the four valences of sili¬ 
con hydride is also positive. Therefore, the hydrogen atoms function 
negatively and the above reaction from an electronic standpoint may be 
represented as follows: 


H 


-H+I+ — + — — + H-— + 

H- Si -H -f H-O-H + 2K-O-H 

+1 

H ^ —K 


0= Si + 4H-H. 


— + 


— + 


O -K 

In this connection it is worthy of note that silicon and carbon, from the 
standpoint of the periodic classification, belong to the same natural family. 
Therefore, since silicon may be imited to negative hydrogen as shown 
above, it is natural to conclude that carbon also may hold in combination 
negatively functioning hydrogen. In other words, an interpretation of 
the evidence presented leads to th i conclusion that hydrogen may function 
not only positively but also negatively.. The possibility of negative 
hydrogen being held in combination by positive valences of the carbon 
atom is also warranted by the electronic formula for benzene, which renders 
possible interpretations of many apparently anomalous phenomena pre¬ 
sented in previous papers. In this connection it should be recalled that 
in tlie rearrangement reactions which characterize the substituted nitrogen 
halides^ the positive halogen atom, on passing from the nitrogen atom 


i Fry, This Journai., 34, 667-8 (1912). 
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to the nucleus, invariably assumes a position para or ortho to the negative 
amino radical, and when the para and both ortho positions are occupied 
as in 2,4,6-trichloroacyl nitrogen halide, rearrangement is both experi¬ 
mentally and theoretically impossible. This constitutes a proof of the 
identity of polarity of the positions 2, 4, and 6 of the benzene nucleus, 
each of which is occupied by a positive halogen atom. Accordingly, the 
hydrogen atoms in positions 2, 4 and 6 must be assumed to function 
positively. 

+ — + 

H.N.Cl 



Now negatively functioning hydrogen has just been shown to act as a 
reducing agent, but benzene in this sense is neither an oxidizing nor a re¬ 
ducing agent. Therefore, the number of positive hydrogen atoms of the 
nucleus must be equal to the number of negative hydrogen atoms of the 
nucleus. In other words, if positions 2, 4 and 6 are occupied by posi¬ 
tive hydrogen atoms, then positions i, 3 and 5 must be occupied by nega¬ 
tive hydrogen atoms. This conclusion may be regarded as a further sub¬ 
stantiation of the proposed electronic formula for benzene. 

The possibility of formulating a new definition for the so-called “nascent 
state” may now be considered. ”Nascent action” according to common 
usage is a term^ for “all those phenomena in which a substance at the 
moment of its liberation from compounds performs reactions it is incapable 
of in its ordinary condition. Thus, to cite a simple and well-known case: 
Hydrogen has no action on silver chloride suspended in a liquid through 
which it is bubbled; hydrogen evolved within the liquid (electrolytically 
or by action of metals) produces metallic silver, hydrochloric acid being 
formed at the same time.” Such action has been attributed to the libera¬ 
tion of hydrogen in the atomic state. Accordingly, changes are effected 
by the atoms before they have coalesced to form molecules. 

A more comprehensive vieV of the nascent state and nascent action 
may be developed by applications of the electronic conceptions of oxida¬ 
tion and reduction. 

Ordinarily, hydrogen functions positively, while chlorine functions 
+ — 

negatively (HCl H + Cl), but in certain compounds, or under special 
* Freund, “Study of Chemical Composition,” Cambridge Physical Series, 1904, p. 


3 ^ 7 - 
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conditions, hydrogen may function negatively and chlorine positively. 
Fiuthermore, negative hydrogen has been shown to act as a reducing agent, 
since it naturally tends to revert to its ordinary state, positive hydrogen, 
which change is accompanied by the liberation of electrons. On the other 
hand, positive chlorine acts as an oxidizing agent, since it naturally tends 
to become negative by acquisition of electrons. In terms of the atomistic 
conception of electricity the latter change is equivalent to the liberation of 
the so-called “positive electrons.*' The following equations (i) and (2) 
illustrate, respectively, these natural tendencies: 

— + ^ -f — ^ 

(i) H — > H - 4 - 2 (3> . (2) Cl —> Cl + 2 (p . 

An electrically neutral state, ?. e.^ the atomic state, may be encountered 
intermediately in each of the above changes and is indicated in the fol¬ 
lowing equations (3) and (4), respectively: 

— 4 - ^ 

(3) H —► H +(-) , H -► H + M . 

4 * ^ ^ 

(4) Cl —> Cl -f (±) ; Cl —► Cl + . 

Now, if the atomic state and nascent state are to be regarded as syn- 
onomous then they may be defined, from the electronic standpoint, as 
an unstable condition which manifests not only an adaptability but also 
a tendency to either gain or lose electrons and thereby attain a more stable 
condition. This condition can not be limited to the atomic state of an 
element, since not only atomic or neutral hydrogen, but also negative 
hydrogen tends to lose electrons. A comparison of equations (i) and 
(3) indicates that a negative hydrogen atom may be more potent as a 
reducing factor than a neutral hydrogen atom since the former yields two 
electrons while the latter yields only one in the transition to the positive 
state. The activity of negative hydrogen as a reducing agent has been 
illustrated by tjie action of sodium hydride upon carbon dioxide. It is 
the negative hydrogen, that is to say, nascent hydrogen, which in this case 
reduces carbonic acid to formic acid. 

On the other hand, positive chlorine is a more active oxidizing agent 
than is atomic or neutral chlorine since the former unit may combine with 
two electrons while the latter uni es with only one electron in the transi¬ 
tion to negative chlorine, as indicated in equations (2) and (4) above. 
It has been shown that the formation of positive chlorine ions at the anode^ 
would account for the liberation of oxygen during the electrolysis of very 

dilute hydrochloric acid (low hydrogen ion concentration) according to 

4 - — + — 

the abbreviated equation: 2CI + 2OH —> 2H + 2CI + O2. The same 
reaction may be involved in the oxidizing reactions of hypochlorous acid. 

* From this standpoint either negative or neutral hydrogen atoms produced at the 
cathode may be the active reducing agent in the so-called electrolytic reductions. 
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Therefore, from these points of view, the ‘'nascent state” may be de¬ 
fined more comprehensively as an unstable condition of a substance which 
manifests an adaptability and a tendency to lose electrons or to gain elec^ 
irons and thereby revert to a more stable condition. If the substance (ion, 
atom, or compound) lose negative electrons it acts as a reducing agent. 
If it combines with negative electrons it acts as an oxidizing agent. As 
a matter of fact practically all actions classed as “nascent” are of an oxi¬ 
dation or a reduction type. 

Cincinnati* Omo. 


[Contribution from the Kent Chemical Laboratory of the University of 

Chicago. ] 

THE MOLECifLAR REARRANGEMENT OF TRIARYLMETHYL- 
HYDROXYLAMINES AND THE “BECKMANN” RE¬ 
ARRANGEMENT OF KETOXIMES.' 

Bv Julius Stisglztz and Paul Nicholas Leech.* 

Received December 23. 1913. 

Acid halogen amides^ RCONH(Hal), hydroxamic acids RCONHOH, 
dihydroxamic acids^ RCO.NH.OCOR, and acid azides^ RCON3 undergo 
readily, under the influence of appropriate reagents, molecular rearrange¬ 
ments as the result of which derivatives of the amines RNH2 are formed. 
According to the theory of one of us® all of these rearrangements may 
be interpreted as resulting from the primary formation and subsequent 
rearrangement of a univalent ^nitrogen derivative, acyl imidc, RCO.N <. 
The reagents used for effecting the rearrangement are in each instance 
those one would expect to use on the basis of this theory to facilitate the 
formation of the univalent nitrogen derivative and bring about the re- 

^ See a preliminary report (abstract) by Stieglitz, Reddick and Leech, VIII Internal. 
Congr. Appl. Chem., 25, 443 (1912), and by Stieglitz and Leech, 3^^,46,2147 (1913), 

* The work presented in this paper forms the basis of a dissertation by Leech 
presented to the University of Chicago in part fulfilment of the requirements for the 
Ph.D. degree. 

* A. W. Hofmann, Ber., 14,2725 (1882); 1$, 408 (1883); Hoogewerff and van Dorp, 
Rec. trav. chim., 6, 373 (1887); 8,173 (1889), etc.; Lengfeld and Stieglitz, Am. Chem. 

I 5 » 215, 504 (i 893 )» etc. 

* Lossen, Ann., 161, 359 (1872), etc.; Thiele and Pickard, Ibid., 309, 189 (1899); 
and especially L. W. Jones, Am. Chem. J., 48, i (1912), 

* Curtius, Ber., 27, 778 (1895); /. prakt. Chem., 50, 289 (1894), etc. 

® Stieglitz, Am. Chem. J., 18, 751 (1896); 29, 49 (1903); Stieglitz and Earle, Ibid., 
30, 399, 412 (1903); Stieglitz and Slossen, Ber., 34, 1613 (1901); Slossen, Am. Chem. J., 
29, 289 (1903); Hilpert, Ibid., 40,155 (1908); Stieglitz and Peterson, Ber., 43, 782 (1910); 
Peterson, Am. Chem. J., 46, 323 (1911); Stieglitz and Leech, loc. oil.] Stieglitz and Vos- 
burgh, Ber., 46, 2151 (1913); Schroeter, Ber., 42, 2340 (1909); 44» 1207 (1911); Stoermer, 
Ibid., 42, 3133; Wieland, Ibid., 42, 4207 (1909); Montague, Ibid., 43, 2014 (1910); 
L. W. Jones, Am. Chem. J., 48, i (1912). 
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arrangement. Thus, in Hofmann’s rearrangement of acid halogen amides, 
bases are used and the reaction is interpreted as following the course:' 
RCONHBr + NaOH —^ RCONNaBr + HOH —> 

RCO.N< + NaBr + IIOH —CO : NR + NaBr + H2O (i) 

and 

CO : NR + 2NaOII —^ RNH2 + NasCOs + H2O (2) 
Isocyanates CO : NR have indeed been Ihc first isolated^ products 
of tliis rearrangement. For dihydroxamic acids, bases are also used to 
effect the rearrangement, the salts formed decomposing in a way analogous 
to that indicated for the halogen amides, and again, isocyanates have been 
observed as the first product of the rearrangement.^ For hydroxamic 
acids, RCO.NHOH, dehydrating agents or dry distillation are employed, 
and with acid azides RCO.N3 gentle heat alone is sufficient to cause an 
evolution of nitrogen, leading to the formation of isocyanates^ and their 
derivatives (c. g., of urethanes when azides are warmed with alcohols). 
Where the formation of univalent nitrogen is interfered with, as in the 
case of alkyl derivatives RCO.NR'(Hal)^ and RCO.NR'OH,® no corre¬ 
sponding rearrangement has heretofore been brought about by the re¬ 
agents and under the conditions effective with the nonalk>iated com¬ 
pounds. 

When the above theory was developed it was recognized that certain 
important questions remained to be solved in connection with it.’ A 
number of these have already been answered® by the investigations carried 
on continuously in this laboratory. One of the most important of the 
problems still under investigation® from several sides is that of the theory 
of the rearrangement of ketoximes, a rearrangement discovered and first 
investigated by Beckmann.'® The work reported on in this paper is 
intended to tlirow some further light on this problem. 

^ Stieglitz, loc, cit 

* Hofmann, Ber,, 15, 412 (1882). Dry salts of the acid hedogen amides decompose, 
when warmed, forming isocyanates (unpublished work of Stieglitz and O. Eckstein, 

1905). 

« E. W. Jones, loc. cit. 

* Schroeter, Ber., 42, 2336 (1911). 

® Stieglitz and Slossen, loc. cit. 

® Stieglitz and O. Higbee, Am. Chem. J , 29, 52 (1903). 

^ Am. Chem. J., 18, 751 (1896); 29, 49 (1903); see also L. W. Jones, loc cU , i>p. 23,. 
28. 

® Stereoisomeric chloroimido esters were prepared and investigated to determine 
the relation of stereoisomerism to the rearrangement of acid halogen amides (Stieglitz 
and Earle, Hilpert, loc. cit.) and stereoisomeric chloroimidoketones were prepared to 
investigate the same relations in connection with ketoximes (Stieglitz and Peterson, 
loc. cit.). 

* Stieglitz and Peterson, loc. cit. ; Stieglitz and Watkins, Reddick, Leecli, Vosburgh, 
Senior (unpublished work). 

Ber., 19, 988 (1886); 20, 1507, 2508 (1887), etc. 
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The Rearrangement of Ketoximes. 

Ketoximes suffer the “Beckmann'* rearrangement when they are 
treated with any one of a variety of reagents, such as phosphorus penta- 
chloride, concentrated sulfuric acid, acetic anhydride, etc. These re¬ 
agents have in common the property that they are dehydrating agents. 
A further, very important fact obser\^ed is that stereoisomeric oximes 
R — C — R' and R — C — R' 

II II 

NOH HON 

give, according to Beckmann,^ primarily derivatives of such amines as 
would result from a direct exchange of the OH group and the radical R 
or R' immediately opposite to the OH group in the configuration of the 
stereoisomer. Beckmann assumed,^ as regards the mechanism of this 
interesting reaction, that such a direct exchange takes place, without the 
formation of any intermediate products. He compared the exchange 
with the well-known exchange of ions between molecules, the atoms being 
considered as held in the molecules by electrical forces.^ Actual ioniza¬ 
tion of ketoximes, in the direction indicated, has never been detected and 
Beckmann did not postulate any measurable ionization. Beckmann's 
theory is further characterized by ascribing the rearrangement to a 
“catalytic" action of the rearranging agents. But, according to modem 
theory, catalyzers act in a specific and definite way upon the catalyzed 
substances, either physically {e, g,, as solvents, with attendant changes 
in ‘condition, dissociation, etc.) or chemically, forming “intermediate 
products." The very intimate relation between tlie chemical nature 
of the rearranging conlpounds and of the reagents used, as indicated above, 
shows clearly that the action of the reagents is essentially chemical and 
that we must look for intermediate products, resulting from the action of 
the reagents, for the explanation of the rearrangement, A number of 
chemists have in fact assumed that intermediate products are first formed, 
which then undergo the actual molecular rearrangements. Thus, 
Hantzsch^ assumes that the ketoximes form with phosphorus penta- 
chloride chloroimides, which then rearrange by a direct exchange of chlorine 
and the radicals R or R': 

R —C —R' + PCl5 —> POCI3 + R —C —R' — 

Il II R —C —CI + POCI3 (3) 

NOH NCI II 

NR' 

1 Ann., 252, 44 (1889); 374, i (1892); 296, 279 (1897), etc. 

® Ber., 27, 300 (1894). He originally (Her., 19, 988 (1886)) made the same assump¬ 
tion as Hantzsch did later (see further on in the text). 

* No discussion of the specific charges on the various atoms was entered into. 
Xater on in this paper an attempt is made to shed light on this all-important detail 
the basis of the experimental results obtained by us. 

< jBer., 24, 3516 (1891). 
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To test this view Stieglitz and Peterson^ prepared from imidoketones 
and hypochlorous acid, chloroimido ketones of the structure indicated. 
They succeeded also in obtaining stereoisomeric chloroimidoketones, 
corresponding to the stereoisomeric oximes. But these were found, in 
every instance, to be stable and not to rearrange up to temperatures of 
100° to 120®, the highest temperatures used, because the “Beckmann'* 
rearrangements occur far below these temperatures. In fact, every 
effort to rearrange these chloroimido ketones under any conditions has, 
thus far, been futile. ^ The conclusion was drawn that chloroimido 
ketones could not be the intermediate products undergoing the “Beck¬ 
mann” rearrangement. 

It is necessary now to discuss another possibility in this connection, 
that has recently suggested itself as the result of the important work 
of W. A. Noyes^ on the possible existence of eleciromeric nitrogen chlorides 
NCls. It is possible that the chloroimides obtained by Stieglitz and 
Peterson are elcctroniers of the chloroimides supposed to be intermediate 
products in the rearrangement of ketoximes by phosphorus pentachloride. 
The chloroimido ketones prepared by us, according to their method of 
preparation and especially according to their behavior, were recognized 
by us^ as derivatives of positive chlorine^ RR'C"^"^ : N Cl*^.^' They 
are prepared from imido ketones by the action of hypochlorous acid 

RR'C"-"- : “"N- — + HO“ — -^Cl —> 

RR'C^-*- : --N" ~ Cl^ + H2O. (4) 

They yield again, by hydrolysis, hypochlorous acid (a proof that the 
chlorine has not changed its charge^) and they are strong oxidizing agents 
(e. g., RR'C : NXl"^ + 2'^Hr RR'C : + l+.I" -f ^HCT, a 

second proof that the chlorine has not changed its charge). Now, oximes 
are not infrequently obtained by the action of nitrous acid on organic 

^ Loc. cit. 

^ Stieglitz and Peterson, lot. cit. \ unpublished work by Stieglitz and P. H. Watkins; 
Vosburgh, see a later article in This Journal,, These results do not exclude the possi¬ 
bility that in the future some means may be found to effect their rearrangement and 
new methods are being tried by us from time to time (cf. Ber., 46, 2151 (1913) and 
Vosburgh, loc. cit.). 

^ This Journai<, 35, 767 (1913); s e also Nelson and Falk, Ibid., 32, 1637 (1910); 
and 33, 1140 (1911). 

* Ber., 43, 782 (1910); cf. Seliwanow, Ber., 25, 3617 (1892); Lengfeld and Stieglitz, 
loc. cit .; h W. Jones, loc. cit. 

* Cf. W. A, Noyes, This Journal, 23, 460 (1901); Stieglitz, Ibid., 23, 796 (1910); 
Walden, Z. physik. Chem., 43, 3«5 (1903). 

® Only the significant charges are indicated in all of the electronic .structures used. 

^ Seliwanow, I,engfeld and Stieglitz, L. W. Jones, loc. cit. ; Stieglitz, This Journal, 
23 i 796 (1901)- Since this was written. Nelson. Beans and Falk (This Journal, 
35, 1810 (1913)) have emphasized the value of this method of determining the nature of 
the charge on an atom. 
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compounds: such is the case, for instance, for oximido mesoxalic esters 
and quinone oxime, which may be obtained from malonic esters and 
phenol, respectively, by the action of nitrous acid, as well as from the 
ketones by the action of hydroxylamine. Oximes^ could, consequently 
have besides the probable electronic structure RR'C*^”^ : N~ — '^6*' — 
also the structure of a nitrous acid derivative RR'C””*: A 

compound of the latter structure could form with phosphorus pentachlo- 
ride a chloride corresponding to nitrosyl chloride = —^~CL The 

products RR'C~” — CP would be electromers of the chloroimido 

ketones, prepared by Stieglitz and Peterson, and could possibly suffer a 
rearrangement into RC+-^*^tCl) : ““N-R'*^ or R'C-^^-^rCl) : “~N'‘R’^, 
involving, it is true, a complex and unlikely shifting of charges! But 
such an assumption that these electromers of the non-rearranging chloro- 
imides of Stieglitz and Peterson might undergo the “Beckmann’* re¬ 
arrangement of ketoximes is altogether in conflict with the facts and highly 
improbable, although it must be taken into account. As is shown by the 
rearrangement of acid halogen amides R.CO.NH(Hal'*‘), it is just the 
positive halogen derivatives which are known to rearrange readily, and 
most likely the ultimate reason for the disturbance of the valences (elec¬ 
trons), which results in the rearrangement, is the tremendous tendency 
of positive chlorine and positive bromine to capture electrons in order to 
form their stable negative ions CP and Br" (see below, page 280). Conse¬ 
quently, of the series of electromeric chloroimido ketones, the chloro- 
imides of Stieglitz and Peterson should he the rearranging ones and they do 
not rearrange. 

Hence this possibility of electromeric chloroimido ketones, of the 
nature indicated, does not help out the theory of Hantzsch regarding the 
‘‘Beckmann” rearrangement. In fact, a direct exchange of chlorine 
and a radical R or R' under these circumstances not only offers no ad¬ 
vantages over the assumption made by Beckmann of a direct exchange of 
OH against the radicals, but has the very great disadvantage, as we 
have just seen, of being obliged to assume a far more thorough-going 
and complicated shifting of electrons tlian is necessary in the Beckmann 
theory. This can only be avoided by assigning to the intermediate 
product, the chloroimide, an electron structure which belongs to the product 
obtained by Stieglitz and Peterson, and, as stated, this does not suffer 
rearrangement. 

Further on it will be shown how our present work has led us to consider 
a third electromer of the chloroimido ketone, the assumption of the forma¬ 
tion of which as an intermediate product in the rearrangement of ketoximes 
by phosphorus pentachloride might solve all the problems involved in this 
reaction. 

* Cf. Nelson and Falk, loc. ciL 
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In the application of Stieglitz’s theory of the formation of a rearranging 
univalent nitrogen derivative as an intermediate product to the re¬ 
arrangement of ketoximes under the influence of phosphorus penta- 
chloride, it was assumed^ that there is a preliminary addition of hydrogen 
chloride (always present in the ethereal solutions used) to the oximes and 
that a subsequent loss of water leads to the formation of the rearranging 
univalent nitrogen derivative. For benzophenone oxime we have: 

RsC : NOH RaCCKNHOU) TfS? R2CCI.N : —> RCC1(: NR) (5) 
Benzochloroanilide is the first isolated product of the action. The addi¬ 
tion of hydrogen chloride to the double bond between the carbon and 
nitrogen would tend to destroy stereoisomeric differences due to the double 
bond, and therefore a more extended and closer investigation of the rela¬ 
tion between stereoisomerism and rearrangement, as observed by Beck¬ 
mann (see above), was pointed out as being necessary before the theory of 
univalent nitrogen could be finally accepted as applying to the rearrange¬ 
ment of ketoximes.2 The stereoisomeric chloroimido ketones, prepared 
by us as a first step to investigate these relations, would not rearrange 
at all, as has been explained above, and did not throw the light expected 
on this phase of the problem. In the meantime important work by 
Schroeter,^ on the rearrangement of stereoisomeric ketoximes, showed that 
dilTerent products are obtained from stereoisomers according to the nature 
of the reagents used and the conditions of the experiment, confirming the 
suspicion originally entertained^ th,at closer investigation might remove 
the apparent contradiction between the behavior of stereoisomers and 
our theory. Schroeter indeed considers that all of his experimental work 
agrees with this theor>^ 

In spite of this and further important work by other investigators 
confirming the theory (besides vSehroeter, Wieland,^ Stoerner,^ and L. 
W. Jones^ have recently found valuable confirmatory evidence), we 
have considered it necessary to continue our investigations into the 
nature of these typical rearrangements, particularly as a way has shown 
itself which promises to reduce these problems to their simplest possible 
terms, by the .systematic investigation of rearrangements of triphenyl- 
methylhydroxylamine and related compounds.^ Our newest results have 

^ Loc. cit. 

* See Stieglitz, Am. Chem. J., 18, 754 (footnote) (1896). Montagne (Ber., 43, 
2014 (1910)) has criticized the theory because of the same facts outlined in the text. 
From the outset, as the above footnote shows (cf. L. W. Jones, Am. Ch^m /, 48, 28 
(1912)) this complication was recognized, only it was considered that the relation of 
stereoisomerism to the rearrangement was not so firmly established that it should be 
allowed to discourage a more critical investigation of these relations on the basis of 
the univalent nitrogen theory of rearrangement. 

* Ber., 43, 2014 (1910); see also Schroeter, 42, 2336 (1909); 44, 1207 (1911). 

^ Parallel with the work reported by us are investigations by Miss Isabelle Vosburgh 
on triphenylmethylhalogenamines (C 5 H*)jCNH(Hal) and (C8Hfi)8CN (Hal )2 and re- 
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indeed brought to light facts which indicate the necessity of a broader 
theoretical basis (see below) than has hitherto been deemed necessary. 

The Rearrangement of Triphenylmethylhydroxylamine. 

Triphenylmethylhydroxylamine (C6H6)3C.NHC^H has the ^ame kind 
of structure as was assumed for the hydrogen chloride addition product 
(C6H6)2CC1(NH0H) in the rearrangement of benzophenone oxime (see 
equation 5, above)—its examination therefore eliminated the need of any 
assumption on one phase of the problem. Furthermore, it and its analogs 
are in every way the simplest products yet investigated in regard to these 
rearrangements—they are saturated in regard to the carbon valences 
(oximes and chloroimides are not) and they do not contain, outside of the 
hydroxylamine or analogous group, ^ any reactive group (acid halogen 
amides and .similar compounds have reactive C : O groups) or reactive 
hydrogen (as in tautomeric forms^ of acid chloroamides, etc.). Finally, 
the nature of the charges on the various radicals can be more convincingly 
determined than in the case of acid derivatives. 

Four problems of special interest have been included in the scope of 
the present investigation of these compounds and their derivatives. The 
first problem consisted in determining whether any rearrangement at all 
could be effected and what reagents would be effective. The second 
problem was the investigation of possible rearrangements of derivatives 
like (C6H6)3C.N(CH3)0H which could not readily form any univalent 
nitrogen derivative. In the third place, the behavior of benzoyltri- 
phenylmethylhydroxylamine was studied, one of the hydrogen atoms 
of the hydroxylamine group being replaced by the benzoyl radical, in 
place of by a methyl group as in the case just discussed. Finally, as a 
foimth problem, the relation of the positive and negative character of 
radicals (C6H4X), etc., in the rearrangement of compounds (C6H4X)- 
(CeH4Y)(C6H4Z)C,NHOH, etc., to the question as to which radical or 
radicals migrate from the carbon to the nitrogen in a rearrangement was 
investigated as a necessary basis for distinguishing such influences from 
stereoisomeric effects in the study of the rearrangement of stereoisomeric 
oximes (C6H4X)(C6H4Y)C : NOH. 

In regard to the first problem, we have found® that triphenylmethyl- 

lated compounds, and by Mr. James K. Senior on tripheuylmethylhydrazines and 
hydrazones of ketones, etc. It is interesting that closely related as are hydrazine and 
hydroxylamine derivatives, no rearrangement, of this type, of the hydrazines seems 
as yet to have been accomplished, whereas, hydroxylamines rearrange easily (the 
benzidine rearrangements, etc., are of a different type). 

1 NH(Hal), etc. 

2 See Stieglitz and Vosburgh, loc, cit, 

* The first observation was made by Stieglitz and Guy Reddick in 1909-1910. 
Mr. Reddick’s illness compelled him to abandon his work and it was continued by Mr. 
Leech. 
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hydroxylatnine and chlorotriphenylmethylhydroxylamine are in fact 
readily (practically quantitatively) rearranged by phosphorus penta- 
chloride under exactly the same conditions that are used in the rearrange¬ 
ment of benzophenone oximes. We have, apparently, 

(C6H8)3C.NH0H (C6H6)3C.N —(C«H6)2C : NCeH^. (6) 

The product, phenylimido benzophenone, was identified by a comparison 
with a synthetic preparation, by analysis and by the products of its 
hydrolysis, aniline and benzophenone. Occasionally^ a slight decom- 
position of triphenylmcthylhydroxylamine by phosphorus pentachloride, 
or by the hydrogen chloride formed in the main action was observed: 

(C6ll5)3C.NHOH + HCl —^ (C 6 Hb) 3 CC 1 + NH2OH (7)2 

With other reagents employed to rearrange oximes, such as acetic 
anhydride and Beckmann’s reagent, this kind of decomposition was found 
to become the chief action and no rearrangement products were observed. 
On the other hand, when solid triphenylmethylhydroxylamine hydro¬ 
chloride was treated with phosphorus pentoxide, the rearrangement ex¬ 
pressed in equation 6 was again easily accomplished. We believe this 
is the first time that this dehydrating agent par excellence has been used 
to effect this type of rearrangement. The result raises an interesting 
question, which must be considered here particularly because of its rela¬ 
tions to the behavior of N-methyl-triphenylmethylhydroxylamine (see 
below) and to the problem of the influence of stereoisomerism on the re¬ 
arrangement of ketoximes: does the phosphorus pentoxide act on the 
free base of decomposed triphenylmethylhydroxylamine hydrochloride, 
forming triphenylmethylimidc (C6 Hb) 3C.N as a rearranging intermediate 
product, or can it affect the hydrochloride itself as follows:® 

(C6H5‘^)3 : — ~-^N''-('^H)(^OH) 

/\ 

A cr H+ 

^ Work with Reddick. 

* The action was recognized by the formation of some triphenylcarbinol and its 
ethyl ether by the treatment of the reaction product with alcohol and water. Possibly 
a derivative such as (CcH6)8C.NHOPCl4 is first formed (see Werner, Ber., 25, 40 
(1892)). 

® Only the significant charges are indicated. Triphenylmethyl chloride and its 
derivatives are considered to have positive phenyl groups attached to the methyl carbon 
atom, as is indicated in equation 8. One of the most convincing pieces of evidence 
in favor of this assumption is the following: if triphenyl carbinol had the electronic 
structure it would be a pronounced acid, tlie positive charges 

on the methyl carbon atom repelling the positive hydrogen and causing it to ionize 
(cf. W. A. Noyes, This Journal, 34, 663 (1912)). Triphenyl carbinol is no pronounced 
acid, but shows a tendency to exchange its OH group rather easily for other negative 
radicals (CP, etc.)—^which is to be expected from (C«H5‘^)s 
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(CsHs"*-).-: =C+ "+N* —► (C6H6+)2 : ~C++ : '-+N--(+C6Hs) (8)? 

/\ /\ 

B‘ cr H+ c cr H+ 

We note that the OH group in the compound A is considered to be 
positive, as it most probably is in hydroxylamine, and surely is for one 
of the two hydroxyl groups in hydrogen peroxide,^ and as chlorine and 
bromine are in the corresponding triphenylmethylhalogen amines and 
in all their other halogen amine derivatives. In the formation of water, 
containing the stable negative hydroxyl, the oxime hydroxyl deprives the 
nitrogen atom of two electrons,® leaving the product B. The rearrangement 
of Stakes place as follows: first the migration of two electrons from the 
carbon atom to the nitrogenatom gives the latter a normal, stable 
charge, such as it has in ammonium salts: the resulting positive charge 
on the carbon can not hold one of the positive phenyl groups, which, 
following the electrical field of force from the negatively charged nitrogen, 
moves to the latter, thus consummating the rearrangement:^ the re¬ 
maining negative charge on the nitrogen holds the new positive charge 
on the carbon atom, a double bond resulting. In other words, the com¬ 
pound B would be a hydrochloride of triphenylmethylimide (C6H6)8C.N* 
or (C6H6)8C.N and if it could exist even for a very short time,^ it might 
well have the latter's property of causing a rearrangement in the manner 
indicated. The compound B would also be an electromer of triphenyl- 
methylchloroamine (C6H6)3C.NH(C1'^). This substance itself has not 
been prepared,® but the corresponding bromoamine (C6H6)aC.NH(Br’‘‘) 
has been prepared by Miss Vosburgh and one of us.^ By the action of 
soda lime it is rearranged: 

(C6H6)3C.NHBr (C 6 H 6 )sC.N < + NaBr + HOH (9) 

I 

(C6H6)2C : NC 6 H 5 

^ We may also assign to B the structure (C6H5'^)8“C‘**~N"'+*(H‘^Cr). 

/\ 

* Many analogies between hydrogen peroxide, hydroxylamine and hydrazine 
(H2N*’ — ’^NH2, Stieglitz and Curme, Ber., 46, 911 (1913)) agree with this assumption; 
cf. Angeli, Chem. Zentr,, 1910, II, 861. 

* Stieglitz, loc. cit. ; h. W. Jones, loc. cii. 

^ Similar series of changes, applied to univalent nitrogen intermediate products, 
represent the electronic” expression of the molecular rearrangements of halogen 
amides, azides, oximes, etc., from the point of view of the theory of the univalent nitro¬ 
gen intermediate product. 

* See Stieglitz and Curme, loc. cit. and This Journai,, 35, 1143 (1913), for evidence 
of the temporary existence of nitrogen radicals of low nitrogen valence; see also Wieland, 
loc. dt, 

* The dichloroamine, (C*H6)8C.NCIs is formed in attempts to prepare the chloro- 
amine. 

7 4 ^» 2 I 5 i (1913)* 
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but it does not rearrange without the loss of hydrogen bromide—in other 
words, it has different properties from the hypothetical substance B. 
The same difference would undoubtedly exist between B and the elec¬ 
tromeric substance (C6H6)«C.NH(C1'^). The problem of the possibility 
even of the momentary existence of such an electromeric substance as B, 
with different properties from those of the more stable chloroamine, is a 
problem of the future: the probability of such relations would be tre¬ 
mendously increased, if Noyes should confirm his preliminary indications 
of electromeric nitrogen trichlorides, but, even if final confirmation of such 
indications should not be forthcoming, considerations of this character 
are in themselves lustified and must be dealt with, if progress is to be made 
in the study of the mysteries of structure and of rearrangements in organic 
chemistry.^ 


A New Interpretation of the Rearrangement of Ketozimes. 

Should the momentary existence and the properties of the compound 
B in the rearrangement of triphenylmethylhydroxylamine hydrochloride 
by phosphorus pentoxide prove to be valid and reasonable assumptions, 
then the “Beckmann’' rearrangement of benzophenone oxime and similar 
oximes might be formulated as follows in a perfectly analogous fashion: 


+OH 

i I 

Ri+ A cr 



R1+.-C++-+- • -► RiCCl(:NR) (10) 


C 


D 


We note that it is assumed, as usual, that the hydroxide group in the 
oxime is positive, that its great tendency to change into the exceedingly 

' The electrolysis of salts of organic acids yields results fundamentally similar 
to those of the Hofmann-Lossen-Curtius-Beckmann rearrangements, a parallel which 
the one of us has had in mind for years and which seems of sufficient interest to present 
at this point because it connects the electronic explanation of the i^arrangements 
with similar effects of an electric current, i, e,, of a current of electrons. As far as we 
know the relation has never, as yet, been pointed out, although Nef discusses the 
rearrangement and the electrolytic decoi. positions from the point of view of metliylenc 
reactions. Characteristic both for the rearrangements we are discussing and for 
the results of electrolysis, for instance of sodium acetate, is that carbon radicals are 
separated from a carbon atom which is directly linked to atoms of abnormal valence 
(univalent nitrogen, univalent oxygen; bivalent nitrogen may possibly have the same 
effect (see below)). We have RCO.N : —► CO : NR and HsC.CO.O” + (?) —> 
HsC.CO.O-, and 2 H,C.CO.O- —► 2CO : O H- HsC.CHs or 2H8C.CO.O^ —► 
HjC.CO.OCHj 4 * CO : O. The interpretation of these equations from the electronic 
point of view as involving essentially migrations of electrons from carbon atoms to the 
univalent oxygen is obvious. 

* The nitrogen may also be considered to be : ""N'^Cl”. 
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stable ordinary negative hydroxide group, as found in water, acids and 
bases, leads to the formation of water under the influence of dehydrating 
agents, the nitrogen atom losing thereby two electrons to the oxygen 
atom. The product B is an ammonium salt with two of the nitrogen 
valences unsaturated in the same way as they are unsaturated in univalent 
nitrogen derivatives and the salt B is obviously of the same type as the 
product B in equation 8. It is these unsaturated valences, again, which 
are considered to be the direct cause of the rearrangement, two electrons 
passing from the carbon atom to the nitrogen, to give this a normal 
and stable charge such as it has in ammonium salts. With the change of 
electronic forces, the positive radical R, nearest^ to the field of force, is 
lost by the now positive carbon and carried to the now negative nitrogen. 
Such a series of actions would account for the nature and action of the 
reagents used to accomplish the rearrangement (acid dehydrating agents) 
and it gives a rational picture of the electrical forces in play in the re¬ 
arrangement of tlie valences of the molecule. Such a course would also 
account for the influence of stereoisomerism on the rearrangement,^ if 
such an influence should finally be established as beyond doubt—the 
radical (R in the above illustration) nearest to the electrical fields of force 
produced by the migration of electrons from carbon to nitrogen passing 
under the influence of this force to the nitrogen. 

The interpretation, as is evident, is an extension of the original theory 
of the one of us, assuming, as it does, the rearranging power of an inter¬ 
mediate hydrochloride of a univalent nitrogen derivative, acting in place 
of the ordinary free univalent nitrogen compound. The new view would 
by no means exclude the old, which has had such wide confirmation in the 
behavior of chloroamides, azides, hydroxamic acids, etc. In the case of the 
ketoximes the older view of an addition of hydrogen chloride to the double 
bond between the carbon and nitrogen (see p. 277) would account, as a 
parallel action, for results such as Schroeter obtained,® where stereoisomeric 
influences were largely destroyed. Further, the rearranging product B 
would be a‘third electromer of the chloroimido ketones of Stieglitz and 
Peterson (see p. 276), and would represent a logically active form of the 
chloride which Hantzsch assumed as the intermediate product in the re¬ 
arrangement of ketoximes. This fundamental difference between the 
latter's theory and the one now developed should be carefully noted: 
Hantzsch assumes a direct exchange of R and Cl in the rearrangement, 
the new view assigns the rearranging power to free valences of the nitrogen 
atom, comparable with the free valences of univalent nitrogen. 

^ The stereochemical nature of the isomerism of oximes is assumed. 

* Schroeter, Ber., 44, 1208 (1911) has made suggestions along another line to ac¬ 
count for such an influence. 

* Loc. cit. 
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The. Rearrangement of N-Methyltriphenylmethylhydroxylamine. 

The considerations just outlined become of prime importance in con¬ 
nection with the results of our work on the second problem investigated 
in this research, the problem of the rearrangement of N-methyltriphenyl- 
methylhydroxylamine, (C6H6)3C.N(CH3)OH. When the non-mcthylated 
derivative is acted upon by phosphorus pentachloride in ether solution, 
the compound is rearranged in twenty to thirty minutes and practically 
quantitatively at the temperature of boiling ether. Under the same 
conditions and acted upon for the same time, its methyl derivative is 
hardly affected, most of it being recovered as the hydrochloride. If 
the action is continued for two or three hours, most of the substance 
(over 75%) is decomposed into triphenylmethylchloride^ and methyl¬ 
hydroxylamine (see equation 7); 

(C6ll5)3C.N(CH3)()H + 2HCI —> (C 6 H 5 ) 3 CC 1 + H 2 N(CH 3 ) 0 H.C 1 (ii) 

But in the reaction products the presence of a small amount of a derivative 
of methylanilifie could also be recognized. By hydrolysis of the reaction 
product by h^’drochloric acid, a solution was obtained in which methyl- 
aniline was identified, not only by its characteristic reaction with hypo¬ 
chlorite, described in a recent paper,^ and by its reaction with nitrous 
acid, but also by the preparation of acetomethylanilide. From a gram of 
siabstance, only enough acetomethylanilide was obtained for a few melting- 
point determinations of the recr^^stallized substance, but the identification 
was supported by the fact that the melting point of the product was not 
depressed when some of the substance vras mixed with an equal amount of 
pure synthetic acetomethylanilide. Saponification of the substance thus 
identified gave a solution still showing the hypochlorite test for methyl- 
aniline. Other trials of the effect of phosphorus pentachloride on methyl- 
triphenylmethylhydroxylarriiiie led to the same result—in every case 
the main action was that of decomposition and only enough methyl- 
aniline was formed to be identified by the above tests, not enough to be 
isolated. With other agents of rearrangement, decomposition without 
the formation of any methylaniline resulted. 

A supply of methylhydroxylamine, necessary for the preparation of 
N-methyl-triphenylmethylhydroxy*amine on a large scale, has been 
ordered and the investigation of the action of phosphorus pentachloride 
on it will be continued, to verify the result obtained^ and to find the condi¬ 
tions, if possible, for the formation of the methylaniline derivative as a 
main product, or in sufficient quantity for the isolation of methylaniline. 
From the work thus far done the following conclusions are worthy of special 

^ Identified after hydrolysis to triphenylcarbinol. ^ 

* beech. This Journal, 35, 1072 (1913). 

* The exceedingly poor yield makes repetition of the experiment on a much larger 
scale desirable. 
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considerations: (i) The formation of a methylaniline derivative, as 
just described, seems to represent the first instance on record of the re¬ 
arrangement of an alkylderivative N(alkyl)X of a hydroxylamine or 
halogen amine (X = OH, Cl or Br), corresponding to the rearrangement 
of the nonalkylated derivatives (—NHX)* Although the formation of 
only very small quantities of a methylaniline derivative is indicated, 
this discovery—when verified by us^—must be taken into consideration 
in any theory of the Hofmann-Beckmann-Lossen-Curtius rearrangements 
that have been discussed in this paper. The observation clearly shows the 
necessity of further exhaustive investigations of analogous substances. 
(2) The contrast of the speed and smoothness with which triphenyl- 
methylhydroxylamine rearranges under the influence of phosphorus 
pentachloride with the difficulty encountered in the case of its methyl 
•derivative, emphasizes the great hindering influence of the methyl group. 
In this respect the result agrees with the observations made on benzoyl- 
phenylhydroxylamine^ CeHsCO.N (C 6 H) 60 H, acylchloroalkylamines,® 
RCO.NCl(Alkyl) and recently by Miss Vosburgh^ on triphenylmethyl- 
chloromethylamine, (C6 Hb) 3C.NC1(CH8) : in all these cases the prevention 
of the rearrangement by this interference seems to be complete. 

We may consider, on the basis of the facts summarized in (2), that the 
•easiest path to the rearrangement of the molecule into a more stable one, 
representing a more stable distribution of electrons, is over the univalent 
nitrogen derivatives RCO.N<, R3C.N<, etc. But it seems now that 
there must® be a second path since the formation of a methylaniline 
derivative indicated in the work just discussed probably® cannot go 
over a simple alkyhmide derivative. Of the various possibilities that 
present themselves, only the most important will be mentioned now. 

(i) We may consider again a direct exchange of radicals, such as Beck¬ 
mann assumed, to wit: 

<C6Hb) 3C.N(CH3)OH —^ (CeH5)2C(OH).N(C6H6)(CH3) —> 

(C6H6)2C0 + CeHeNHCHa (12) 

Such a view would still be subject to the objections formerly made against 
it—^it leaves out of account such facts as the role of the rearranging re¬ 
agents in this action and in the whole list of analogous rearrangements^ the 
difficulty of rearranging alkyl derivatives, as compared with nonalkylated 
•compounds, and the rearrangement of azides, in which an exchange seems 
impossible. But even if such an assumption should finally have to be 

1 See footnote 3, p. 283. 

* Stieglite and Higbee, loc, cti, 

* Stieglitz and Slossen, Ibid, 

^ She, cit. 

* In the discussions on pp. 276 and 281 it was only considered that there might be 
^uch a second, closely related path. 

* See (3) below, in the text. 
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accepted—^which is not likely—it would not preclude the formation of 
rearranging univalent nitrogen derivatives, where such can be readily 
formed. Frequently analogous results are obtained by quite different 
paths (for instance in the formation of hydrochlorides of metal bases and 
in the formation of alkyl halides from alcohols by the action of halogen 
acids, a reaction which has all the earmarks of not being a simple ionic 
reaction). 

(2) The rearrangement of inethyltriphenylmethylhydroxylamine may 
follow the course indicated for triphenylmcthylhydroxylamine hydro¬ 
chloride (Equation 8): 

(CeH6)3C+~-^N'----(+II)(+OH) (C 6 H 5 ) 8 C+-'— 

/\ /\ 

A cr ciia'*' fii cr CH8+ 

(C,lhhC+-^ : - “ ■+-N-“(C6H6+) (13} 

y\ 

c cr CII 3 -+- 

This represents the action as a rearraAgement of a methyl chloride deriv¬ 
ative B of triphcnylmethylimide (C6H5)8C.N, B would be an electromer 
of (C 61 Ib) 3 C'^ — “N” "('^COC^CHa), which has been prepared by Stieglitz 
and Vosburgh^ and found not to rearrange. This view takes into account 
the action of the rearranging agent. It has been discussed in some de¬ 
tail above, and further experiments on its plausibility wdll be made. 

(3) Phosphorus peiitachloride might cause methyltriphenylmethyl- 
hydroxylamine to lose alcohol and form methyl chloride, which could 
subsequently methylate the aniline derivative formed by a primary 
rearrangement (Equation 6). In this event some of the phenyliniido- 
benzophenone (Equation 6) should remain nonrncthylated and aniline 
should be observed side by side with methylaniline. The hypochlorite 
tests gave no indication of its presence, but this possibility will also be 
furtlier investigated. 

(4) Wieland*’ has made tlie very interesting observation that triphenyl- 
methylperoxidc is decomposed by heat in the following way: 

(CeH 6 ) 3 C.O.O.C(CeIl 6 ) 3 —► 2 (C 6 H 5 ),C .0 -► (C6H6)2C.OC6H6 (14) 

A B I C 

and 2(C6H5),C.OCeH6 —>► (C 6 H 5 ) 2 C.OC 6 H 5 (15) 

I I 

(C6H6)2C.0C6H6 

This rearrangement, which we shall call the “Wieland rearrangement," 
is, in its essential features, practically an exact parallel of the rearrange¬ 
ments of the nitrogen derivatives under discussion: we have uijivalent 
1 See footnote ^ p. 280. 

* The work will be published later. 

8 Ber., 44 > 2550 (1911). 
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oxygen Active (in B), in place.of univalent nitr(^en.^ This suggests for 
the rearrangement of triphenylmethylhydroxylamine the following as a 
possible cotirse: 

(C«H 6 )sC.N-(CH 3 )‘^OH (C,Hs) 3 C.N(CH 8 )— + HO— 

'1 

(C6H5)2C.N(CH3)(C6H5) (r6) 

I 

and 2 (C 6 H 5 ) 2 C.N(CH 8 )(CbH 5 ) (C 6 Hb) 2 C.N(CH 3 )(C 6 H 6 ) 

I I 

(CcH 5 ) 2 C.N(CH 3 )(C 6 H 6 ) (17) 

and 4HO-2HOH + O2 (18) 

Bivalent nitrogen in (C6H5)aC.N(CH3)— would, in this case, be the cause 
of the rearrangement. The electron interpretation of this action would 
follow the same lines as laid down above. Mr. Staler, who is continuing 
this work, will pay particular attention to this interesting possibility. ^ 

The Rearrangement of Triphenylmethylbenzoylhydroxylamine. 

The third problem raised in this investigation was on the behavior of 
benzoyltriphenylmethylhydroxylamine in reference to any rearrange¬ 
ment. Such a benzoyl derivative of triphenylmethylhydroxylamine was 
prepared (see the experimental part) and the product presumably has one 
of the following structures: (C6H6)3C.NHO.COC6Hr, or (C6H6)3C.- 
N(C0C6H5)0H. The absence of any acid properties and of a ferric 
chloride reaction^ rather favors the first structure given, the absence of 
hydrochloride formation favors the second structure and we consider the 
structure as undetermined. Which structure is correct is of less import¬ 
ance than the fact that the compound is found to undergo a rearrange¬ 
ment quite readily when it is heated with soda lime. We note at once the 
successful adaptation of the reagent to the compound to facilitate the pri¬ 
mary loss of benzaic acid (sodium benzoate) in order to form the univalent 
nitrogen compound for the rearrangement. We may write: 

(C8H3)3C.NHOCOC6H3+i!:^'“C«H6COONa + HjO + (CeH6)3C.N< 

j (19) 

(C,H6)sC : NC,H6 

The Influence of Substitutions in the Aryl Groups. 

The last question examined deals with the influence of substituting 
groups in determining which aryl radicals shall migrate from carbon to 
nitrogen in the rearrangement of triarylmethylhydroxylamines. It is a 

^ See footnote i, p. 281. 

* Mr, Senior is investigating the behavior of the corresponding hydrazine deriva¬ 
tives. 

* See experimental part. 
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very large problem and only a beginning has been made in it by the study of 
the action of phosphoric pentachloride on />-chlorotriphenylmethylhydroxyl- 
amine (C1C6H4)(C6H6)2C.NH0H. The rearrangement occurs quite as 
readily as in the case of triphenylmethylhydroxylamine. Part of the 
substance forms phenylimidochlorobenzoplienone 
(cic,H4)(C6Hs)2C.nhoh:!!^ (010414)(C6H6)2C.n < —> 

( 0106 H 4 )( 06 H 5)0 : NOeHs (20) 
and another part forms /?-chlorophenylimidobenzophenone: 

(C1C6H4)(C6H5)2C.N< —^ (C6H5)2C I NC 6 H 4 CI (2 I) 

The quantitative examination of the reaction product showed, curiously 
enough, that roughly iwo-ihirds of the substance rearranges according 
to the first action (equation 20), and one-third according to the second 
action: this represents a ratio which is also the ratio (2 : i) of the number 
of phenyl to chlorophenyl radicals in chlorotriphenylmetliylhydroxyl- 
amine, and such a result should follow^ if there w^ere no particular effect 
at all of the halogen in the aryl radical on its likelihood to migrate to the 
nitrogen. A much larger experimental material will be needed before any 
final conclusions can be drawn as to such influences. It should, however, 
be further noted that Miss Vosburgh has obtained just the same result in 
examining the rearrangement of chlorotriphenylmethyldichloroamine 
(ClC6H4)(C6H5)2C.NCl2 by soda lime. It is evident that both the hy- 
droxylamine derivative and the chloroamine 

(ClC6H4)(C6H6)2C.NCl2 (C 1 C 6 H 4 )(CcHb) 2 C.N< + 

NaCl + NaOCl + H2O (22) 

would form, according to our theory, exactly the same intermediate prod¬ 
uct (C 1 C 6 H 4 )(C 6 H 6 ) 2 C.N <. Under the same conditionsy it should form 
identical products in the same proportions. In the present instance the 
temperature and other possibly vital conditions were quite different, 
and therefore too much emphasis must not be placed on the interesting 
result that identical products in the same proportions were actually ob¬ 
tained. The work, however, opens up a line of quantitative investiga¬ 
tion which may lead to a means of applying quantitative tests of the 
validity of the theory. 

Further studies along the lines im icated are in progress and it is hoped, 
in particular, that more light may be shed on the important questions of 
electromeric relations, which are so closely interwoven with the problem 
of the mechanism of these rearrangements. 

Notf.—I n an important article in the December number of the American Chemical 
Journaly received today, Professor L. W. Jones develops more fully his views on the 
Beckmann and allied rearrangements and also contributes an interpretation of the 
rearrangements from the electron point of view. In two or three important details 
the views of the writer and of his colleague and friend are somewhat at variance. In 
the first place, the writer considers the oxygen in hydroxylamine and in oximes to have 
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a positive charge and to be held by a negative charge on the nitrogen (although less 
stable electromers are not excluded)—Dr. Jones has assumed the oxygen to be negative 
and the nitrogen positive. The similar behavior of hydroxylamines and halogen 
amines, of hydroxylamine and hydrogen peroxide, still more the fundamental similarity 
existing between hydroxylamines and ammonia and between their salts, and, above 
all, the fact that, as far as the writer is aware, no hydroxylamine derivative has been 
found to exchange hydroxyl for halogen by treatment with halogen acids or phos* 
phorus halides are the facts on which the writer^s views are based. (According to a 
later private communication from Dr. J. he has now reached the same conclusion on 
this question and has discovered further evidence supporting it) In the next place, 
the writer consider&that his original theory of ‘‘the potency of the free valences of uni¬ 
valent nitrogen*' is in complete accord with the electronic expressions of this theory 
given by the writer and by Dr. Jones. In such univalent nitrogen derivatives, e. g., 
^RCO.N, it is not necessary to consider that the two free valences consist of a positive 
and a negative charge, though there will be a great, but not necessarily exclusive tend¬ 
ency toward the formation of such charges. In other words we would still distinguish 
between two closely related substances, easily convertible into each other, RCO N < 
and RCO.N=fc. The distinction is an important one (cf Stieglitz and Curme. This 
Journal, 35, 1146 (1913)) In the first substance only one of the three nitrogen 
valences is satisfied, the other two are present in the form of latent or potential valences, 
much as free metals like sodium or calcium have only latent or potential valences* 
exactly as we ascribe the tremendous activity of sodium to its tendency to throw off 
electrons and form sodium ion, so the activity of univalent nitrogen in effecting these 
rearrangements may well be due to the potency of the free or, in modern terms, latent 
valences of univalent nitrogen, i e., to its great tendency to absorb, for each nitrogen 
atom, two electrons and go from RCO.*"N < into RCO.^N””. On the other hand, we 
may also have, through the absorption of two electrons for each nitrogen atom, the 
transformation RCO “N =*=. into RCO.“N , corresponding to the transformation of 
Cl"^ into Cl"" by the absorption of electrons We would leave the way open to either 
interpretation of the absorption of electrons, as more in accordance with the facts. 
This broader view of “the potency of the free valences of univalent nitrogen” is particu¬ 
larly emphasized because it enables the writer to include under the same theory not 
only all the rearrangements previously discussed by himself and so ably presented by 
Jones, but also the rearrangement of peroxides (the Wieland and other rearrangements) 
through the potency of univalent oxygen derivatives, the rearrangement of hydroxyl¬ 
amine derivatives RR'NOH possibly through bivalent nitrogen derivatives and the 
decomposition, by electrolysis, of organic acids. Finally, the writer believes that the 
explanation of the migration of a freed positive radical (see the text) to a negative 
atom under the influence of an electrical field of force gives an adequate explanation 
of the mechanism of the migration or “wandering,” for which Professor Jones con¬ 
cludes that no sa^tisfactory mechanism has, as yet, been offered. In regard, however, 
to the most fundamental questions of these rearrangements, considered from the elec¬ 
tronic point of view, postulating a shifting of electrons from carbon to nitrogen, and a 
migration of a positive radical, Professor Jones and the writer are happily in entire 
agreement and the writer is glad to express here his great satisfaction thereat.— 
J. Stieglitz, Jan, jo, TQ14, 

Experimental Part.^ 

ff-Triphenylmethylhydroxylamine (CeH6)8CNHOH.2—^The work on this 

^ The experimental part of this investigation was carried out by Dr. Leech and 
I wish to use this opportunity to acknowledge my grateful appreciation of his conscien¬ 
tious and skilful assistance.—^J. Stieglitz. 

* Report of the VIII Internat, Congr. Appl, Chem,, ag, 443 (1912). 
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compound was first undertaken by Stieglitz and Reddick^ but not com¬ 
pleted, therefore it was repeated. Triphenylmethylchloride was pre¬ 
pared according to Gomberg* and melted at 112-113°. For the prep¬ 
aration of j( 3 -triphcnylmethylhydroxylamine, a modification of Moth- 
wurf’s® method was employed: A solution of sodium metliylate was pre¬ 
pared by the addition of 7.3 grams of sodium to 100 cc. of acetone-free 
methyl alcohol. To this was added 19.5 grams of hydroxylamine hydro¬ 
chloride, dissolved in methyl alcohol, and the precipitated sodium chloride 
was filtered off by suction. The hydroxylamine solution was evaporated, 
under reduced pressure, to 40-50 cc., and 10 grams of triphenylchloro- 
methane, in about 25-30 cc. of benzene, were added. The methyl alcohol 
remaining was distilled over at ordinary pressure, but the benzene^ was 
entirely removed by distillation under reduced pressure at about 70°. 
The dry residue was extracted with absolute ether, the solution filtered 
and the triphenylmethylhydroxylamine hydrochloride precipitated by 
dry hydrogen chloride gas. The salt was filtered, washed well with ether, 
and shaken in a separatory funnel with a layer of ether and dilute sodium 
hydroxide solution. The ether extract was drawn off, dried with fused 
calcium chloride, and the ether evaporated, leaving crystals of triphenyl¬ 
methylhydroxylamine, melting at 130-135°. The yield was 73-75% 
of the theoretical. 

Rearrangement of fi-Tfiphcnylntetkylhydroxylamine with Phosphorus 
Pentachloride, —Triphenylmethylhydroxylamine (4 grams) was dissolved 
in absolute ether (about 40 cc.), and phosphorus pentachloride (4 grams) 
was added to the solution. The mixture was kept, under a reflux, at the 
boiling temperature of ether for twenty to thirty minutes. A yellow 
precipitate formed, which was filtered off and washed well with absolute 
ether. After the precipitate was dried and allowed to stand in vacuo 
over night, it melted at 187 189°, indicating it to be phenylimidobenzo- 
phenone hydrochloride, (C6ll5)2C : NCells-HCl. The yield was 4.1 
grams or 96% of the theoretical. Upon hydrol}’sis of a small portion of 
this precipitate, the hypochlorite test for aniline was affirmative. Benzo- 
phenone was also identified by its melting point (47-50°) taken witli the 
product itself and for a mixture (47-50°) of the product with pure benzo- 
phenone (melting point 48- 52 °). Further, for the liberation and identifica¬ 
tion of the free base, plienylimidobenzophenone, 3.3 grams of the hydro¬ 
chloride was shaken in a separatory funnel with a concentrated solution 
of potassium carbonate and a layer of ether. The ether extract was 

1 Peterson, P. P , Am. Chem. 46, 327 (1911) 

^ Ber., 33, 3147 (1900). 

37, 3152 (1904). 

^ In the first experiments, the benzene was driven off at the temperature of boiling 
water, under ordinary pressure. An exceedingly severe explosion occurred once, and 
hence the modification to reduced pressure. 
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dried over calcium chloride for one-half, hour, and the ether allowed to 
evaporate spontaneously in a current of dry air in a bell jar desiccator. 
The residue was purified by treatment with ligroin. The yield was 2.2 
grams and the melting point was 113°, agreeing with the melting point of 
phenylimidobenzophenone. 

0.2911 gram substance gave 14.2 cc. N (over 33% KOH) at 21.5° and 747.5 mm. 
Calculated for CigHieN: 5.45% N. Found: 5.49% N. 

Upon distillation of the original ether filtrate (after the treatment with 
phosphorus pentachloride) only a very small residuum remained after the 
phosphorus oxychloride had passed over.^ These results completely 
identify the product of the action of phosphorus pentachloride on tri- 
phenylmethylhydroxylamine as phenylimidobenzophenone, formed by a 
molecular rearrangement according to: 

(C6H6)2C.NH0H + PClfi —> (C6H5)2C : NCeHsHCl + POCI3 + HCl. 

The hydrolysis of this product to aniline and benzophenone is expressed 
in the equation: 

(C6H5)2C : NCeHsHCl + HOH —> (C 6 H 5 ) 2 C = 0 + CeHBNHaCl. 

When triphenylmethylhydroxylamine is dissolved in phosphorus oxy¬ 
chloride and phosphorus pentachloride is added to the solution, the tri¬ 
phenylmethylhydroxylamine undergoes decomposition. Half a gram of 
the hydroxylamine derivative was dissolved in 5 cc. of phosphorus oxy¬ 
chloride and 0.5 g am of phosphorus pentachloride was added to the 
solution. After standing three days the mixture was poured on ice and the 
precipitate filtered off. The product gave the melting point of 155®, 
and after a portion of it was mixed with triphenylcarbinol (melting point 
of carbinol 159-161®) it melted at 157-159°. The yield was 98% of the 
theoretical. The filtrate reduced Fehling’s solution, showing the presence 
of hydroxylamine. 

Action of Beckmann's Mixture {Glacial Acteic Acidy Acetic Anhydride 
and Hydrogen Chloride), of Glacial Acetic Actd, and of Acetic Anhydride 
on Triphenylmethylhydroxylamine. —^All attempts to effect a rearrange¬ 
ment of triphenylmethylhydroxylamine by means of the above agents 
failed, as the hydroxylamine derivative was decomposed. The reaction 
mixtures were poured on ice and in all cases triphenylcarbinol was found 
quantitatively, and the presence of hydroxylamine detected in the filtrate 

^ In the older work with Mr. Reddick small quantities of triphenylcarbinol were 
occasionally identified when this residue was purified by treatment with aqueous alcohol. 
This result, indicating a slight decomposition of triphenylmethylhydroxylamine into 
triphenylmethylchloride, is parallel to the main action, the rearrangement into phenyl¬ 
imidobenzophenone. It is a product of some interest since we have found (see below) 
that in the treatment of the methylated derivative, (C«H6)8CN (CHa)OH, with phos¬ 
phorus pentachloride, almost all the substance is decomposed in this way, forming 
triphenylmethylchloride, and only very small quantities are rearranged. 
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by reduction of Fehling's solution. Half a gram of triphenylmethyl- 
hydroxylamine was treated with 6 cc. of Beckmann’s mixture (4 parts 
glacial acetic acid, i part acetic anhydride, saturated with dry hydrogen 
chloride) and allowed to stand three weeks. At the expiration of that 
time, quite a little triphenylmethylchloride had crystallized out of the 
solution and it was identified by its melting point, which remained un¬ 
changed when pure triphenylchlormethane was mixed with the product. 
The remaining triphenylmethylchloride, converted into triphenylcarbinol, 
was recovered in theoretical quantity. Hydroxylamine was detected as 
above. 

Action of Phosphorus Pentoxide on fi-Triphenylmethylhydroxylamine- 
hydrochloride (C6Hb) 3CNH2(OH)C1.—^Triphenylmethylhydroxylamine hy¬ 
drochloride was prepared from a solution of the free base in absolute 
ether by precipitation with dry hydrogen chloride. The salt was washed 
with absolute ether and dried in vacuo. The hydrochloride softens some 
at 143-147°, with change of form, and melts at 158-160°. It is soluble 
in alcohol, insoluble in cold water, ligroin or ether. Half a gram of the 
hydrochloride was intimately mixed with the same weight of phosphorus 
pentoxide in a test tube, and heated until a reaction took place. ^ The 
reaction mixture was then treated with a few drops of alcohol and some 
dilute hydrochloride acid water in order to hydrolyze any phenylimido- 
benzophcnone formed. A little of this solution, made slightly alkaline 
with sodium hydroxide, gave upon the addition of bleaching powder 
solution, tlie purple color test for aniline, proving that a rearrangement 
to phenylimidobenzophenone had taken place. The remainder of the 
solution was shaken with ether, which removed the benzophenone and some 
acid. The aqueous solution was drawn off, the ether extract shaken 
with sodium hydroxide solution to remove the acid, the ether was sepa¬ 
rated and allowed to evaporate, leaving a residue which melted at 46-47 °, 
the melting point of benzophenone, A melting point of a mixture of the 
product witli synthetic benzophenone completed its identification as 
benzophenone, a product of tlie hydrolysis of phenylimidobenzophenone. 

Triphcnylmeihylhenzoylhydroxylamine (C6H5)3C.N (COC 6 H{i)OH or 

(C0H6)3C.NH(OCOC6H6).- -Triphenylmethylhydroxylamine was dissolved 
in about forty times its weight of absolute ether and treated with benzoyl 
chloride, in the proportion of one molecule of the latter to two molecules 
of the former. The mixture stood from four to six days. A white pre¬ 
cipitate formed, which was collected on a filter and found to consist chiefly 
of triphenylmethylhydroxylamine hydrochloride, with some benzoylated 
triphenylmethylhydroxylamine. The benzoyl derivative can be re¬ 
covered by extraction of the precipitate with a very small amount of 
chloroform, and treatment of the extract with low boiling ligroin to pre- 
' The reaction proceeds rapidly at 75 



192 JVUVS STtftCUTZ and TAVh ^lCHOI#AS 

cipitate the product fractionally. The original ether filtrate from the 
hydrochloride was allowed to evaporate in a current of dry air in a desicca¬ 
tor; the residue was washed with low boiling ligroin to remove benzoyl 
chloride, dissolved in a small amount of chloroform, and subsequently 
subiected to fractional precipitation with ligroin. After repeated frac¬ 
tionations a substance was obtained giving a constant melting point 
of 155**. The yield of pure substance was small. 

0.2762 gram substance gave 9 7 cc N (over 33% KOH) at 188® and 736 5 mm.; 
0.4963 gram substance gave 16 9 cc N (over 33% KOH) at 23 3® and 752 6 mm.; 
Calculated for C 26 H 2 iN 02 - N, 3 70%. Found N, 3 94%» 3-83%. 

Benzoyltriphenylmethylhydroxylamine is soluble in ether, chloroform 
and benzene. There are two possible structures for this benzoylated 
triphenylmethylhydroxylamine * tlie benzoyl group may have entered into 
the jS-position of the hydroxylamine radical, forming (C6H6)3C.- 
N(C0C6H5)0H, or it may have entered the hydroxyl group (in the a-posi- 
tion), forming (C6H6)3CNII(OCOC6H6). The method of preparation 
corresponds to the one by means of w^hich Beckmann^ obtained 
benzoylbenzylhydroxylamine (CbHsCO) (C7H7)N (OH) from jS-benzyl- 
hydroxylamine and benzoyl chloride in an ether solution, and this makes 
the corresponding structure for our product probable. The latter did not, 
however, show the ferric chloride test (red coloration, characteristic of 
Beckmann’s product) nor did it show any indications of acid (salt forming) 
properties at all. A hydrochloride of this compound could not be pre¬ 
pared by the usual method. This also agrees with Beckmann’s failure 
to obtain a hydrochloride of jS-benzoyl-j^-benzylhydroxylaminc. At¬ 
tempts to obtain. an isomeric a-bcnzoyl-i 9 -triphenylmethylhydroxyl- 
amine, by the long and indirect process used by Beckmann^ in preparing 
a-benzoyl-jS-benzylhydroxylamine, were unsuccessful (see below). The 
exact position of the benzoyl group in our product therefore remains 
uncertain, though it most probably occupies the jS-position. 

Rearrangement of Triphenylmeihylbenzoylhydroxylaminc by Soda Lime ,— 
Triphenylmethylbenzoylhydroxylamine (0.55 gram) was intimately mixed 
with pulverized soda lime (i gram) and the mixture was heated in a test 
tube immersed in a metal bath, at 160-165®. At this temperature the 
rearrangement was found to proceed more favorably than at lower tempera¬ 
tures. The mixture became yellow, the color of phenylimidobenzophenone. 
The rearrangement product was extracted with a number of portions of 
benzene and the combined benzene extracts were evaporated in a current 
of diy air. A gummy residue was washed repeatedly with ligroin (b. p. 
30-50®). A few yellow crystals were removed and identified as phenyl- 
iminobenzophenone by their melting point 108-110®. A mixture of the 

1 Ber,, 26, 2283 (1893). 

* Loc, cU. 
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product with analyzed phenyliminobenzophenone (m. p. 113®) melted 
at 110-112®. The remainder of the phenylimidobenzophenone was then 
hydrolyzed by solution in 6-8 drops of alcohol and 2-3 cc. of dilute hydro¬ 
chloric acid, and evaporation of the solution on a steam bath. Before 
the solution had become quite dry, cold water was added and a precipi¬ 
tate was removed by filtration. The precipitate was identified as benzo- 
phenone (0.21 gram). The filtrate was concentrated and chloroplatinic 
acid was added to it to precipitate aniline chloroplatinate which was 
identified by analysis. 

0.2338 gram substance gave 0.0763 gram Pt. Calculated for Ci2Hi6N2PtCl«* 32.78% Pt. 
Found: 32.63% Pt. 

Some doubt existing as to the exact structure of the benzoyl derivative 
of triphenylmethylhydroxylamine (see above), whose rearrangement 
has just been described, it was decided to attempt to prepare an isomeric 
benzoyl derivative by the method used by Beckmann for the preparation 
of a-benzoyl-jS-benzylhydroxylamine.^ The method, it will be recalled, 
is indirect, depending on the action of benzoyl chloride on the condensa¬ 
tion product of benzyl hydroxylamine with benzaldehyde. The action 
of benzaldehyde on triphenylmethylhydroxylamine was, therefore, studied 
next. 

Triphenylmethylhydroxylamine and Benzaldehyde, (C6H6)8C.N.CHC6H6.— 

A small excess of triphenylmethylhydroxylamine (i.i equivalent), was 
mixed with benzaldehyde in an Erlenmeyer flask, connected with a short 
reflux condenser. A small amount of absolute ether was added to the 
mixture, which was warmed for fifteen minutes at the temperature of 
boiling ether; the temperature was then slowly elevated, the ether being 
allowed to escape gradually, and a temperature of 120-140° was main¬ 
tained for two hours. The resulting gum was successively triturated 
with small portions of low-boiling ligroin and the extracts collected until 
the sticky characteristic of the residue had been entirely removed and 
a nearly white powder produced. This powder consisted mostly of tri- 
pheiiylcarbinol. A sticky substance remained after the evaporation of 
the ligroin in vacuo. The solid was crushed on a clay plate, removed to 
a Hirsch funnel and washed a few times, without suction, with small 
amounts of cold absolute alcohol. The residue was then dissolved in a 
small amount of hot absolute alcohol and this solution separated from 
any insoluble portion by filtration. When the solution was allowed to 
cool slowly it deposited white crystals which were found to be the con¬ 
densation product of benzaldehyde and triphenylmethylhydroxylamine. 
After a number of recrystallizations the condensation product melted 
at 114°. 

^ Loc, cii. 
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04929 gram substance gave 17.8 cc. N (over 33% KOH) at 23.5® and 745.4 mm,; 
o. 1723 gram substance gave 0,5445 gram COa, 0.0975 gram HaO. o. 1912 gram substance^ 
gave 0.6028 gram COa, o.iooo gram HaO. Calculated for CacHaiNO: 85.92% C; 
5,78% H; 3-86% N. Found: 86.22, 86.00% C; 6.29%, 5.86% H; 4.02% N, 

Triphenylmethylbenzaldoxime is soluble in ether, chloroform, benzene 
and hot alcohol, and not very soluble in ligroin. When it is dissolved 
in absolute ether and the solution is saturated with dry hydrogen chloride 
gas, the hydrochloride is precipitated quantitatively. 

With the view of obtaining a-benzoyl-jS-triphenylmethylhydroxyl- 
amine, benzaldehyde-triphenylmethylhydroxylamin^ was dissolved in 
absolute ether and treated with an equivalent quantity of benzoyl chloride. 
The mixture was allowed to stand for twenty-foiu* hours and subsequently 
treated, as described by Beckmann in the preparation of a-benzoyl-/ 3 - 
benzyl-hydroxylamine. After repeated attempts, all of which yielded 
negative results, the project was abandoned. 

ParacMorophenyldiphenylmethylhydroxylamine, (CIC6H4) (C6H6)2CN H- 
(OH).—Parachlorophenyldiphenylmethylchloride was prepared by Gom- 
berg’s* method from benzophenonedichloride and chlorobenzene with the 
aid of the Friedel and Craft’s reaction. The chloride was generally re¬ 
crystallized four or five times from hot ligroin (b. p. 70-80°) and melted 
at 88-88.5°. Gomberg gives 87° as its melting point. The chloride 
was conden ed with hydroxylamine by a modification of Mothwurf’s 
method as follows: Hydroxylaminehydrochloride (2.8 grams) was dis¬ 
solved in the least amount of methyl alcohol possible and to it was added 
a solution of sodium methylate (0.91 gram sodium in 14 cc. alcohol). 
The precipitated sodium chloride was removed by rapid filtration, and the 
hydroxylamine solution treated with five grams of /?-chlorophenyldiphenyl- 
methylchloride in 50 cc. of benzene. The mixture stood for a number 
of hours, during which time a precipitate of hydroxylaminehydrochloride 
formed, but this was not removed. After the methyl alcohol had been 
evaporated, the benzene was removed by distillation under reduced 
pressures, at a temperature of 65-70°, until a “gummy dry’’ residue re¬ 
mained. This was extracted with dry ether, the Ijydroxylamine hydro¬ 
chloride removed by filtration. An ether solution of pure anhydrous 
oxalic acid was added to the filtrate until no further precipitation oc¬ 
curred. The oxalate was collected on a filter, washed with ether by suction, 
and shaken in a separatory funnel with a solution of potassium hydroxide 
and an ether layer. The ether extract of the free base was dried with 
potassium carbonate; upon evaporation of the ether a gum resulted. 
This gum was transferred to a beaker by means of a little alcohol and 

^ This was some of the unchanged substance recovered after treatment with benzoyl 
chloride (see next section); it was identified by its melting point, which was unchanged 
when the melting point of a mixture with a previously analyzed sample was taken. 

* Ber„ S 7 j 1634 (1904). 
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placed in a desiccator in vacuo. Care must be taken to add alcohol, or 
else the substance will form a taffy-like foam, spreading over the entire ‘ 
vessel. After some time, generally twelve to eighteen hours, the gum 
changed to a solid. The yield of crude material was about 65-70% 
of the theoretical. 

The pulverized substance was treated with the smallest amount of 
ligroin (b. p. 70-80°) necessary to dissolve it, and the solution allowed 
to stand over night. In this manner a good part of the substance pre¬ 
cipitated out and most of the gummy matter remained in solution. The 
precipitate was collected on a filter and washed with low-boiling ligroin; 
after this operation the product was dissolved in a small amount of benzene, 
four to six volumes of low-boiling ligroin were added to the solution, 
and the beaker, with contents, immersed in ice water for fifteen minutes. 
The precipitate of quite impure chlorophenyldiphenylmethylhydroxyl- 
amine, thus formed, was brought on a filter and the filtrate allowed to 
evaporate spontaneously in the air imtil the volume was about one-third 
the original one, crystals being deposited in this process. The remaining 
solution was then decanted into another vessel and the crystals, adliering 
to the sides of the beaker, were washed with ligroin (b. p. 30-^50°). They 
were then dissolved in the least amount of hot ligroin^ (b. p. 70-80°). After 
the solution had stood twelve hours the crop of new crystals was removed. 
One or two more recr}^stallizations completed the purification of the com¬ 
pound. The melting point is 117 °. The yield was 25-30° of the tlieoretical. 

0.1796 gram substance gave 04874 gram CO2 and 0.0845 gram H2O. Calculated 
for Ci,Hi«NOCl: Q, 73 62%; H, 5 20%. Found. C, 74 01%, H, 5 27%. 

Parachlorophenyldiphenylmethylhydroxylamine is soluble in ether, 
benzene, chloroform and hot high-boiling ligroin. If it is dissolved in 
absolute ether and dry hydrogen chloride gas is passed into the solution, 
the hydrochloride is thrown down. This salt is soluble in alcohol, insoluble 
in ether, ligroin and cold water; it is decomposed by warm water, probably 
into chlorophenyldiphenylcarbinol and hydroxylamine. 

Rearrangement of Parachlorophenyldiphenylmethylhydroccylamine by Phos¬ 
phorus Pentachloride, —In a round bottom flask, 0.5 gram of the hydroxyl¬ 
amine derivative was dissolved in 30 cc. of absolute ether, 0.5 gram of 
phosphorus pentachloride was added to the solution, and the flask was 
connected with a reflux condenser. The entrance of moisture was guarded 
against. The mixture was heated on an electric oven for two hours, 
during which time a yellow precipitate had collected in the flask. The 
precipitate was collected, washed well with ether and dried tn vacuo. 
Upon evaporation of the filtrate, and subsequent distillation of the phos¬ 
phorus oxychloride produced in the action, only one drop of residue 
remained. The yellow precipitate consisted of a mixture of p-chloro- 

' One part alcohol and three parts ligroin also serves as a good crystallizing solvent. 
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phenyldimidobenzophenone and phenylimido-p-chlorobenzophenone (see 
below). The salts were immediately hydrolyzed by solution in a few 
drops of alcohol and treatment with a small amount of very dilute hydro¬ 
chloric acid, the mixture being heated about fifteen minutes to assure 
complete hydrolysis of the imido compounds. The ketones were extracted 
in the usual manner with ether, and the aqueous solution (see A) was 
examined for aniline and parachloraniline. 

A. Identification of Aniline and Parachloroaniline, —^The aqueous 
acid solution was placed in a small separatory fuimel, strong caustic 
soda solution was added, and the free bases were extracted with ether. 
The ether extract was dried well with potassium carbonate and an ether 
solution of anhydrous oxalic acid^ added to precipitate the oxalates of 
the two anilines. The precipitate was collected, washed well with abso¬ 
lute ether, transferred to a test tube and dissolved in the least amount of 
almost boiling water. Upon cooling the solution to about 40°, a precipi¬ 
tate again formed (p-chloroaniline oxalate), which was collected. The 
filtrate from it was made alkaline and gave with bleaching powder solution 
the characteristic test, proving the presence of aniline. The precipitate, 
consisting mostly of chloroaniline oxalate, and a small amount of aniline 
oxalate, was treated in a small dropping funnel, with alkali, and the 
mixture shaken with ether. After the ether solution had been dried it 
was allowed to evaporate spontaneously, and the residue placed in a vacuum 
desiccator. In a few hours crystals of p-chloroanilinc appeared. These 
were washed quickly with ligroin, to remove any aniline present, dried, 
and melted at 65®. A melting point (68-69°) of a mixture of the product 
with pure parachloroaniline (70°) was identified the substance as p- 
,chloroaniline. 

B. Identification of Benzophenone and Chlorobenzophenone- -The ether 
solution containing the ketones, was spontaneously evaporated and the 
residue washed quickly with ligroin. Enough alcohol^ was added to the 
residue just to dissolve about three-quarters to seven-eighths of it; the 
residue was collected and melted at 73-75°. f>-Chlorobenzophenone 
melts at 77- 78 ° and a mixture of the product with some synthetic substance 
melted at 75-77°, proving the identity of the product. The alcoholic 
filtrate was allowed'to evaporate spontaneously to a very small volume, 
the solution filtered through a cotton plug, and the filtrate evaporated 
to dryness. The residue was then treated with ten to fifteen drops of 
alcohol, the solution decanted through a cotton filter, the filtrate evaporated 

' The oxalic acid salts were prepared because of the greater relative solubility in 
water of the aniline salt than that of a-chloroaniline. The accuracy of the method of 
separation based on this difference was, of course, first tested and proved by preliminary 
experiments with known materials. 

* Benzophenone is very soluble in alcohol, while p-chlorobenzophenone is less 
soluble. 
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almost to diyness, the remaining few drops of liquid once decanted from 
a small solid residue, which when dried, melted at 48-50°. Benzophenone 
melts at 48-52°. 

A quantitative study of the rearrangement of ^-chlorophenyldiphenyl- 
methylhydroxylamine with phosphorus pentachloride was next made, in 
order to determine the proportions in which the rearrangement yields 
an aniline and a /?-chloroaniline derivative. The hydroxylamine (0.85 
gram) was dissolved in 30 cc. of absolute ether, and heated on the electric 
bath, as described above, with a gram of phosphorus pentachloride. 
After two hours the yellow precipitate was collected, washed well, with 
absolute ether, and then hydrolyzed in the usual manner. The ketones 
were removed by extraction with ether. The aqueous solution was then 
saturated with sodium chloride, placed in a small separatory funnel, 
made alkaline with strong sodium hydroxide solution and the two anilines 
twice extracted. The collected ether extracts were poured through a 
cotton filter and the solution dried with potassium carbonate. It was 
filtered into a beaker and the hydrochlorides of the anilines were pre¬ 
cipitated by a freshly made ether solution of dry hydrogen chloride.^ 
The salts were brought on a filter, well washed and dried; they weighed 
0.212 gram. 

A weighed portion of the chlorides was analyzed volumetrically for 
aniline and chloroaniline by the bromination method.^ 

o 0712 gram of the mixed hydrochlorides required 27 8 cc of N/10 KBrO^ Found: 
aniline hydrochloride, 66.9%; chloroaniline hydrochloride, 33.1%. 

In order to run analyses of other hydrochloride samples, two more re¬ 
arrangements were made as above. The results of the bromination de¬ 
terminations were as follows: 

o 0674 gram of the mixed hydrochlorides required 25 8 cc. of KBrO^ Found: 
aniline* hydrochloride 63 4%; chloroaniline hydrocliloride, 36.6^’^, 0.0625 gram of the 
mixed hydrochlorides required 24 45 cc. of JV/io KBrOa. Found * aniline hydrochloride, 
67-3%; chloroaniline hydrochloride, 32.7%. 

No greater degree of accuracy than 5% was aimed at in these results. 

0- r riphenylmethylmethylhydroxylaminet [ (CeHs)3C.N (CHs) OH ].—^'Fhis 
compound was prepared by the action of triphenylmethylchloride on 
methylhydroxylamine hydrochloride. The jS-metliylhydroxylaminehydro- 
chloride was prepared by a series of preparations, all of which are described 
in the literature.® 

^-Methylhydroxylaniinehydrochloride (2.5 equivalents) was dissolved 
in ten times its weight of methyl alcohol (acetone free) and a solution of 

^ Experiments showed that hydrogen chloride precipitates aniline and chloro¬ 
aniline quantitatively as hydrochloride from a dry ether solution. 

* See Curme, This Journal, 35, 1143 (1913). 

« Beckmann, Ber., 20, 1509, 2766 (1887); 22, 432 (1889); 23, 1685 (1890); Dittrick, 
Ber„ 23, 3548 (1890). We found it better to use methyl bromide rather than tlie iodide. 
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sodium methylate, prepared from an equivalent weight of sodium dissolved 
in another equal volume of methyl alcohol, was poured into the hydroxyl- 
amine solution, which operation, after the flask had been shaken, was 
quickly followed by the addition of triphenylmethylchloride (one equiva¬ 
lent), dissolved in 30-40 times its weight of dry benzene. The reaction 
mixture generally stood over night, though more or less time can be 
allowed. The precipitates of sodium chloride and methylhydroxylamine 
hydrochloride were not removed from the liquid, but the contents evapo¬ 
rated, under reduced pressures, to a gummy dryness and the residue ex¬ 
tracted with dry ether and the extract filtered. To the filtrate, with vigor¬ 
ous stirring, a saturated ether solution of drj^ hydrogen chloride was 
added, the precipitate was collected and washed well with ether. ^ The 
hydrochloride was then dissolved in the least amount of chloroform, and 
again precipitated with absolute ether, to which a few drops of ethereal 
hydrogen chloride was added. This process was once more repeated. 
The purified hydrochloride was shaken with an ether layer and a fairly 
strong solution of potassium hydroxide, the ether extract, after separation, 
dried with calcium chloride, and the ether evaporated. It left a gum. 
This gum was transferred, with the aid of a little alcohol, to a beaker, 
which, with contents, was placed in a bell iar^ in vacuo. After standing 
some time, and with frequent rubbing, solidification took place. The 
solid was washed with ligroin (b. p. 30-50®), dissolved in hot ligroin 
(b. p. 70-80°). After this solution had cooled an equal volume of low- 
boiling ligroin was added to it. The solution was allowed to e\^aporate 
very slowly, spontaneously, small crystals forming upon the walls of the 
vessel. These were.removed and the recrystallization repeated, until a 
constant melting point of 113° was obtained for the compound. 

0.1695 gram substance gave 0.5156 gram CO2 and o.iooi gram H2O. Calculated 
for C2 oHi»NO: C* 82.99%; H, 6.63%. Found: C, 82.95%; H, 6.64%. 

j 8 -Triphenylmethyl-/ 5 -methylhydroxylamine is soluble in alcohol, ben¬ 
zene, chloroform, ether and hot ligroin. When it is heated with aqueous 
hydrochloride acid, it is hydrolyzed, forming triphenylcarbinol and methyl¬ 
hydroxylamine hydrochloride. 

The Action of Phosphorus Peniachloride on ^,ff-Triphenylmethylmcthyl- 
hydroxylamine. —One gram of the hydroxylamine was placed in a round 
bottom flask with 10-12 cc. of absolute ether and one gram of pure phos¬ 
phorus pentachloride was added to the solution. The flask, frequently 
rotated, was heated for four hoims, the boiling ether being refluxed by 
a condenser, care having been taken that no moisture could enter. A 

^ Oxalic acid, in ether solution, will not cause a precipitate. 

2 If paraffin shavings are present in the jar, the solidification seems to take place 
sooner. 
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yellowish white precipitate^ resulted, which was brought on a filter and 
washed well. (For the examination of the filtrate “F” see later.) The 
precipitate was treated with 6 cc. of acidulated cold water in which it 
all dissolved. A drop or so of the solution reduced a correspondingly 
small amount of Fehling’s solution, indicating the presence of methyl- 
hydroxylamine. The aqueous solution was placed in a separatory funnel, 
saturated with sodium chloride, made alkaline with strong sodium hydrox¬ 
ide solution and shaken with absolute ether. The alkaline solution was 
drawn off (it gave forth the odor of methylhydroxylamine), the ether 
extract poured through a cotton filter separatory funnel, and shaken with 
a solution of one cc. of .V/HCl in five cc. of water. The aqueous extract 
was drawn off, and delivered through a cotton filter into a weighed beaker. 
The ether was again treated as above and the second aqueous extract com¬ 
bined with the previous one. The hydrochloric acid solution was evapo¬ 
rated in a desiccator to dryness, leaving a residue weighing 0.0672 gram. 
The residue was partly crystalline, partly oily. Upon evaporation of 
the ether, no residue remained. 

A small portion of the solid residue was dissolved in water and made 
slightly alkaline with sodium hydroxide. Part of this solution was tested 
with a half-saturated solution of bleaching powder and gave no test for 
aniline, but with a very small amount of calcium oxychloride solution 
it gave the very delicate and characteristic test,^ a navy blue fading into 
yellow, for monomethyl or monoetliyl aniline. Another portion of the 
solution, neutralized, gave a small amount of yellow oil (nitro-nitroso- 
methylaniline), with nitrogen trioxide, and when the mixture was heated 
it did not smell of nitrophenol, again assuring the absence of aniline. 
In order to determine positively whether methyl- or ethyl-aniline was 
present, it was decided to convert the base into its acetyl derivative. 
The remaining portion of the solid in the beaker was dissolved in V2 cc. 
of water, the beaker rinsed with 1V2 cc. of strong potassium hydroxide 
solution into a weighing bottle, and to the strong alkaline mixture, a large 
excess of acetylchloride was added in small portions, with vigorous shaking 
of the bottle. After standing some time, the solution was shaken with 
ether in a separatory funnel, the ether drawn off, and evaporated, and 
the residue crystallized out of ligroin. Crystals melting at 95.5"^ were 
obtained. Some synthetic methyl-acetanilide® melted at 101-102®; 
a mixture of the compound melting at 95.5° and some pure methyl-acet¬ 
anilide melted at 99.5-100®, thus indicating the identity of the two. 

^ If the mixture is heated for only a short time, twenty to thirty minutes, which 
is amply sufficient for the rearrangement of phenylmethylhydroxylamine, one recovers 
quite a large proportion of the hydrochloride. 

* beech. This Journal, 35, 1042 (1913). 

* Hofmann, J3er., 7, 523 (1874); beech, loc. cit. 
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Only a few milligrams of the methylacetauUide^ were obtained. After 
saponification of the methylacetanUide with boiling hydrochloric acid, 
the solution was made alkaline; the addition of calcium hypochlorite again 
gave the methyldniline test. 

The original ether filtrate, ''F** obtained in the treatment of Iriphenyl- 
methylmethylhydroxylamine with phosphorus pcntachloride, was placed 
in a separatory funnel and shaken with an alkaline solution. After separa¬ 
tion of the ether, and on evaporation of the latter, a residue remained, 
which was identified as triphenylcarbinol by its melting point and its 
behavior when the melting point of a mixture of the product and pure 
carbinol was taken. Its weight was 0.68 gram, or 75% of the theoretical 
for a complete decomposition of triphenylmethylmethylhydroxylamine 
by phosphorus pentachloride, into triphenylmethylchloride. 

The Action of Phosphorus Oxychloride and Phosphorus Pentachloride on 
fi-Triphenylmethyl-ff-methyUtydroxylamine. —Half a gram of the hydroxyl- 
amine derivative was dissolved in 6 cc. of phosphorus oxychloride, to which 
was added half a gram of phosphorus pentachloride; the mixture was 
allowed to stand three or four days. The solution was then poured on 
crushed ice and the precipitate filtered off and dried. It was identified 
as triphenylcarbinol. The yield was quantitative. The filtrate reduced 
Fehling's solution and after being made alkaline, it gave the characteristic 
odor of methylhydroxylamine. 

The Action of Beckmann's Mixture on fi^P-TriphenylmethylmethyU 
hydroxylamine, —Half a gram of the hydroxylamine derivative was dis¬ 
solved in 6 cc. of Beckniann^s mixture, and allowed to stand a week. 
As in the previous case, the mixture was poured on ice, the precipitate 
filtered off and identified as triphenylcarbinol. The yield was quantitative. 
The filtrate reduced Fehling's solution, and upon treatment with alkali 
it gave methylhydroxylamine which was detected by its odor. 

The Action of Phosphorus Pentoxide on ^y^-TriphenyhnethylmethyU 
hydroxylamine Hydrochloride, —Pure triphenyhnethylmethylhydroxylaraine 
was dissolved in absolute ether, a solution of hydrogen chloride in ether 
was added to it, and the precipitate that formed was collected. 
Triphenylraethylmethylhydroxylaminehydrochloride melts at 102®, and 
is soluble in alcohol and chloroform; insoluble in ether, ligroin, and cold 
water. 

Half a gram of the hydrochloride salt was intimately mixed, in a test 
tube, with half a gram of phosphorus pentoxide, the mixture heated a few 
minutes in the free flame until no further action was apparent. The 
contents were treated with a few drops of alcohol, hydrolyzed with acidu¬ 
lated water, transferred to a separatory funnel and shaken with ether. 

' This method of acetylation, if care is taken, produces yields of 90-95% of the 
theoretical, as was ascertained with pure methylaniline. 
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The ether extract was separated, evaporated, and the residue upon puri¬ 
fication identified as triphenylcarbinol. The acid aqueous solution was 
placed in a separatory funnel, made alkaline, and shaken with ether. 
The aqueous extract was drawn off and soon smelled of methylhydroxyl- 
amine. The ether extract was shaken with a solution of one cc. of N/HCl 
in 5 cc. water, the acid extract was drawn off, and after having been made 
slightly alkaline, the addition of bleaching powder solution gave no test 
for methylaniline or aniline. 

Chicago, Ii,i. 


[Contributions from the Chemical Laboratory of Harvard College ] 

OCTOIODOPARAQUINHYDRONE.‘ 

By C Lorino Jackson and 15 K Bolton 
Received December 15, lOH 

The work described in this paper grew out of the suggestion of the late 
Professor H. A. Torrey that one of us (Bolton) should take up the study 
of iodoanil, begun by him and Dr. Hunter.*-* After the too early death 
of Professor Torrey the research was continued by us, and among other 
derivatives of iodoanil, the description of which will appear soon in an¬ 
other paper, we tried to make the corresponding octoiodoquinhydrone. 
F'or this purpose we exposed a benzene solution of iodoanil to the action 
of sulfurous acid at ordinary temperatures and, after four weeks, were re¬ 
warded by the appearance of glistening black crystals of considerable 
size. These differed in color from crystals of iodoanil (prepared from 
benzene for the sake of comparison), as the latter were brown, but both 
formed flattened prisms or long plates terminated by two planes at an 
obtuse angle, and, although slight differences appeared, they seemed to 
us more in habit than real crystalline form. It was therefore necessary 
to bring convincing proofs that these black crystals were not iodoanil 
but a new substance, and we think, these will be found in the following ob¬ 
servations: Treatment of the black crystals with benzene and alcohol, 
toluene, or glacial acetic acid yielded in each case a yellow solution, from 
which, in addition to the brown crystals of iodoanil, a quantity of a white 
substance soluble in sodium hydroxide was obtained, which can hardly 
be an3rthing but tetraiodohydroquinone. An aqueous solution of sodium 
hydroxide disintegrated the crystals, leaving a brown powder (iodoanil), 
and dissolving a white substance (tetraiodohydroquinone). Parallel 
-experiments with iodoanil showed that the alkaline solution was without 
action under the same conditions, and that the organic solvents yielded 
only brown crystals with no white admixture whatever. The crystals 
' The work described in this paper formed part of a thesis presented to the Faculty 
•of Arts and Sciences of Harvard University for the degree of Doctor of Philosophy 
by Elmer Keiser Bolton. 

* This Journal, 34» 702 (1912). 
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have therefore behaved like the quinhydrone which should be dissociated 
by solvents^ or decomposed by sodium hydroxide into iodoanil and tetra- 
iodohydroquinone. 

A quantity of iodoanil was dissolved in benzene and submitted to the 
action of sulfurous acid at ordinary temperatures. The amount of solid 
in 50 cc. was determined at the beginning of the experiment, and again 
after the black crystals had been formed. The second determination 
yielded 0.1362 gram less solid than the first, showing that a substance 
less soluble than iodoanil had been formed and precipitated. The experi¬ 
ment was carried on in a tightly corked flask, the weight of which remained 
constant during the formation of the crystals. This seems to us an abso¬ 
lute proof that the black crystals are not iodoanil. 

The behavior of the black crystals, when heated, also leads to the same 
conclusion, for they began to decompose at 190° with evolution of iodine^ 
and did not melt even at much higher temperatures; whereas the iodoanil, 
from which the black crystals were obtained, began to soften at 260 
and melted at 265® with decomposition but no evolution of iodine. 

The black crystals contained the amount of iodine required by the 
octoiodoquinhydrone, but the analysis has little significance, because 
iodoanil, or tetraiodohydroquinone, contains essentially the same per¬ 
centage. 

Although the quinhydrone could be prepared by the method described 
above and also by tlie action of iodoanil and tetraiodohydroquinone on each 
otlier in benzene solution, the yield was never large, and occasionally na 
reaction took place, so that it seems as if the two substances have but a 
slight tendency to combine to make the quinhydrone. But its formation, 
at all, is of interest, because it is the first paraquinhydrone containing 8 
atoms of halogen which has been obtained. Slaedeler,^ it is true, thought 
that he made the octochloroquinhydrone by the action of ferric chloride, 
or nitric acid, on tetrachlorohydroquinone, but his product was yellow, 
and, therefore, could not have been the quinhydrone. The early date 
of this work (1849) accounts for his ignorance of the fact that a dark 
color is the essential character of these bodies. Our real knowledge of 
this subject is due to the thorough work of Ling and Baker,* who tried 
to prepare a quinhydrone from chloroanil under the most varied conditions, 
but without a sign of success, except when they boiled for 3 hours a xylene 
solution of chloroanil and tetrachlorohydroquinone and obtained dark 
violet prismatic needles; but in spite of the resemblance erf these crys¬ 
tals to a quinhydrone, they proved that they were tetradilorohydroqui- 
none, colored by some impurity, since a quantitative oxidation gave re- 

* Torrey and Hardenbergh, Am, Chem, 33, 167 (1905). 

* Ann,, 69, 329 (1849). 

* J, Chem, Soc,, 63, 1323 (1893). 
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suits corresponding to this substance. They are of the opinion that the 
color is due to a trace of a quinhydrone, but one containing less than 8 
atoms of chlorine, as this result was obtained with xylene purified only by 
distillation, which might contain some reducing impurity, while on re¬ 
peating the experiment with xylene purified with sulfuric acid no dark 
color was observed. Ling and Baker’s paper therefore establishes the 
fact that the octochloroquinhydrone is not formed under conditions 
which give quinhydrones easily with substances containing less halogen, 
so that, if it can exist at all, for which there is no evidence, it must be a 
very unstable compound. This conclusion is supported by an experi¬ 
ment of our own, in which chloroanil was exposed to the conditions, 
which had yielded the octoiodoquinhydrone, but there was no evidence 
whatever that any reaction had taken place; and a similar experiment with 
bromoanil gave the same result. So far as we have found, no other experi¬ 
ments have been tried with bromoanil, and, although this one indicates 
that like chloroanil it resists vigorously the formation of a quinhydrone, 
many more under varying conditions are needed before this property of 
bromoanil can be considered definitely established. 

Richter’ has proposed a theory for the constitution of the quinhydrones, 
according to which they are oxonium salts, so that our compound would 
have the formula 

BO -O 

ii I 


I 






and he has pointed out that the difficulty in forming octohalogen quinhy¬ 
drones was to be expected, since the negative radicals would reduce the 
basic character of the oxygen, on which the formation of the oxonium 
salt depends. Our discovery of an iodine compound, when those with 
chlorine and perhaps bromine could not be obtained, is certainly in har¬ 
mony with tliis theory, as the less negative iodine would interfere with 
the formation of the oxonium salt less than either chlorine or bromine, 
but we cannot see that the other structural formulas proposed’* for the 
quinhydrones would explain our observations. 

The difficulty in forming octohalogenquinhydrones does not appear in 
the ortho series, as the tetrachloro-® or tetrabromoorthoquinone* forms 
‘ Ber., 43, 3603 (1910). 

2 Jackson Oenslager, Am, Chem. 18, i (1896); Valeur, Ann. chim. phys., ai, 
470 (1900); Posner, Ann., 336, 85 (1904); Urban, Monatsh., a8, 299 (1907); Willstatter, 
Ber., 41, 1464 (1908). 

® Jackson and P. W. Carlcton, Am. CJiem. J., 39, 493 (1908), 

* Jackson, Russe, Ibid., 35, 174 (1906). 
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such a ooQipouiad under varied conditions and with large 3nieids. If the 
negative influence of the halogen is the only thing which stands in the way 
of the quinhydrone formation, this difference must be due to the differ¬ 
ences in position of the halogen in the ortho and paraquinones. In try¬ 
ing to discover the effects of halogens in certain positions on basicity, 
we naturally turned to the halogen amino compounds, and were aston¬ 
ished at the meagerness of the material available. The two dibromo- 
anilines, 1,2,6 and 1,2,4, were the only compounds known which seemed 
to us to furnish a serviceable analogy with the tetrahalogen para- and ortho- 
quinones. The hydrochloride of the 2,6 compound^ loses the acid easily 
by standing, in the air, and is decomposed by water. The 2,4 compound,^ 
on the other hand, forms stable salts, which can be recrystallized. The 
inference from these observations is that the diorthohalogen (occurring 
in the paraquinone) has a greater influence on the basicity than theortho- 
parahalogen (as in theorthoquinone), and, while we find no entirely satis¬ 
factory confirmation of this view among the other known halogen amino, 
compounds, there is certainly nothing opposed to it. In this single case, 
therefore, we have phenomena similar to those observed with para- and 
orthoquinones, if the quinhydrones are oxonium salts. 

In the discussion given above it was assumed that the presence of halo¬ 
gens is the only condition which influences the formation of the quinhy¬ 
drones, but it is probable that this is not the case. The mutual action 
of the two atoms of oxygen, for instance, might have a considerable effect 
on their tendency to form oxonium salts. So far as we know there are no 
data sufficient to decide this question; but the fact that chloroanilic 
acid forms a quinhydrone easily® may indicate that the presence of two 
atoms of oxygen in the ortho position is favorable to the formation of these 
bodies, although in this case only one of them is quino oxygen. Here, 
then, may be another reason for the formation of the octohalogen ortho- 
qumhydrones. 

Torrey and Hunter^ give reasons for believing that the green com¬ 
pounds obtained by them from tetrachloro- or tetrabromoquinone, whether 
para or ortho, and potassium or sodium iodide in acetone, are salts of 
octohalogen quinhydrones. If this view is correct, it is necessary to ex¬ 
plain the formation of a salt of a quinhydrone, which cannot exist in the 
free state. They suppose it depends on the solubility, assuming that 
the octochloroquinhydrone is soluble, because Ting and Baker® found 
that the solubility of their quinhydrones increased with the amount of 
chlorine they contained. The soluble quinhydrone, therefore, would not 

* Heinichen, Ann,, 253, 275 (1889). 

* Hofman, Ibid., 53, 47 (1845). 

* Graebe, Ibid., Z461 36. 

< This Jootnal, 34> 702 (1912). 

* /. Chem. Soc., 63, 1314 6893)- 
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be formed^ while the nearly insoluble salt would be precipitated. Our 
observation that the octoiodoquinhydrone is nearly insoluble seems to us 
to remove the foundation of this hypothesis. We cannot, however, find 
one to replace it, unless, indeed, we guess that the presence of the sodium 
may reduce the negative effect of the eight chlorine atoms sufficiently 
to allow the formation of the oxonium salt. 

Preparation of lodoanil. 

The bromoanil necessary for this work was prepared by a •modifica¬ 
tion of Ling's method,^ as follows: 50 grams of hydroquinone suspended 
in 300 cc. of glacial acetic acid were treated with 400 grams of bromine, 
followed by an excess of nitric acid of specific gravity, 1.42, and the mix¬ 
ture was heated gently. The product was pure enough to be converted 
directly into iodoanil. 

The method for making the iodoanil differed in some particulars from 
that of Torrey and Hunter.^ Twenty-five grams of bromoanil mixed 
with 23 grams of potassium iodide and 250 cc. of alcohol wxre heated 
on the steam bath under a reverse condenser for two hours. The reddish 
brown diiododibromoquinone obtained in this way, after being washed 
with water and alcohol, was returned to the flask and was heated again 
for two hours with 20 grams more of potassium iodide. The iodoanil 
formed was pure after two ciy^stallizations from benzene, as shown by the 
following analyses: 

0.2362 and 0.1927 g. subst. gave o 3618 and 0.2965 g. Agl; calc, for CebOi, 83.01 % I; 
found, 82.80 and 83.18%, 

The principal advantage of this method over that of Torrey and Hun¬ 
ter is the substitution of the much cheaper potassium iodide for sodium 
iodide in the second stage of the process, and the use of larger quantities 
of bromoanil. They found that poor yields were obtained with quantities 
larger than 15 grams, while with our modifications the process gave good 
results with as much as 50 grams, both as to quantity of yield and quality 
of product. 

Octoiodoparabenzoquinhydrone. 

Two grams of iodoanil (purified by one crystallization from benzene) 
were dissolved in 125 cc. of benzene, and after the addition of three drops 
of water the solution was completely saturated with sulfurous dioxide. 
It was then allowed to stand in a tightly corked flask at ordinary tempera¬ 
tures. At the end of three weeks there was no apparent change, the solu¬ 
tion being still clear and dark red; but after the fourth week a considera¬ 
ble quantity of black shining crystals had been deposited, which were 
filtered out, washed several times with benzene, and dried in vacuo. 

^ J, Chem. Soc,, 568 (1892). 

* This Journai., 34, 708 (1912). 
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0.2864 g. subst. gave 0.4370 g. Agl; calc, for C(l40itC«l4(0H)3« 82,86% I; founds 
82.50%. 

A parallel analysis confirmed this, but owing to an accident gave a still 
lower percentage. 

Properties of Octoiodoparabenzoquinhydrone .—^The substance was de¬ 
posited from the benzene solution used in its preparation in narrow plates, 
or flat prisms, terminated often at both ends with two planes at an obtuse 
angle. lodoanil, crystallized from benzene under similar conditions 
for the sate of comparison, appeared in similar long plates but narrower 
than those of the quinhydrone, and although one end was terminated 
by two planes at an obtuse angle, the other, when well developed, was 
bounded by a single plane at right angles to the sides. It was also harder 
to obtain large crystals from the iodoanil than from the quinhydrone. 
All tliese differences, however, while apparently constant, seemed to us 
more like differences in habit than in crystalline form. The quinhydrone 
is black with a metallic reflex and a brilliant luster, the iodoanil brown. 
In experiments similar to that described above, in which the moist ben¬ 
zene solution of iodoanil, after saturation with sulfurous dioxide, was al¬ 
lowed to evaporate slowly in an open flask insteadof being tightly corked, 
some of the resulting crystals were brown and others black, although 
of the same size and thickness; and this difference was so marked that it 
could be used for distinguishing between the quinone and the quinhy¬ 
drone. 

The crystals of the octoiodoquinhydrone were permanent in the air, 
and when heated to 100° showed no loss in weight, or change of appear¬ 
ance. At 190® they began to decompose with evolution of violet vapors 
of iodine, and this decomposition continued, as the temperature rose, 
but the substance did not melt even at 265®. A parallel observation 
made at the same time showed that the iodoanil, from which the sample 
of quinhydrone was obtained, began to sinter at 260®, and was completely 
melted at 265 ®, the fusion being accompanied by decomposition but with¬ 
out evolution of iodine vapor. 

The octoiodoquinhydrone is a very slightly soluble compound, being 
practically insoluble in alcohol, ether, chloroform, ethyl acetate, benzene, 
toluene, glacial acetic acid, or carbon disulfide, and slightly soluble in 
acetone, when the solvent is cold, but it is fairly soluble in any of these 
liquids if it is hot. In each case the solution was yellow, and tht striking 
change from the black solid to the yellow solution suggested that the 
quinhydrone had dissociated. To study its behavior in this respect a 
quantity was dissolved with the aid of heat in toluene, and the solution 
^owed to evaporate spontaneously, when a residue was obtained con* 
sisting of brown flat needles of iodoanil mixed with white, amorphous 
tetraiodohydroquinone. Again a finely powdered crystal of the quinhy* 
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drone was treated with warm benzene, to which a little alcohol had been 
added. On evaporating the yellow solution the white tetraiodohydro- 
quinone could be seen floating on the surface of the liquid, and the resi¬ 
due, as before, contained this white substance mixed with brown crystals 
of iodoanil. lodoanil treated in exactly the same way showed only 
these brown crystals with no white admixture. A small amount of the 
quinhydrone was dissolved in glacial acetic acid, when, on adding sodium 
hydroxide cautiously, a white precipitate was obtained, which dissolved 
in the excess of the alkali, and was thrown down again by dilute sulfuric 
acid. 

When a little of the quinhydrone was treated with twice normal sodium 
hydroxide the crystals were at once disintegrated, losing their crystalline 
form and )delding a brown powder, which we suppose to be iodoanil, 
and a yellow solution. This was poured off at once and acidified with 
dilute sulfuric acid, when a white precipitate was thrown down that re¬ 
dissolved in sodium hydroxide and is therefore probably tetraiodohydro- 
quinone. A parallel experiment with iodoanil showed that it did not act 
at all with sodium hydroxide under the same conditions. 

Determination of the Relative Solubilities of lodoanil and Otioiodoquin- 
hydrone, —A concentrated solution of iodoanil was made by dissoving it in 
benzene to which a few drops of water had been added. After the solu¬ 
tion had stood at ordinary temperatures for a day with frequent shaking 
to guard against supersaturation, it was saturated with sulfurous dioxide 
and the flask, tightly corked, was placed in a bath at the constant tem¬ 
perature of 17"^. When the vSolution had reached this temperature, 50 
cc. were drawn out with a pipette, evaporated to dryness in a weighed 
watcli glass, and weighed. The securely corked flask was weighed and 
replaced in the constant temperature bath. After standing for two weeks 
black crystals of the quinhydrone were deposited, and, as the weight of 
the flask was found to be unaltered, this crystallization was due to the 
formation of a less soluble compound, and not to evaporation of the sol¬ 
vent. A second portion of 50 cc. was now removed and the residue from 
it weighed, and the same treatment repeated at the end of two months. 
The results were as follows: 

I. Weight of iodoanil in 50 cc. of benzene 0.5060 g. II. Weight of solid in 50,cc. 
benzene after standing two weeks with H2SOi, 0.4462 g.; weight of flask after I, 380.62 
g.; weight of flask just before II, 380.52 g. TIT. Weight of solid in 50 cc. benzene after 
standing for two months with H2SO3, 0.3698 g.; weight of flask after II, and just before 
III, 335*2 g. 

50 CC. of the solution therefore contained 0.1362 gram less solid after 
the formation of the quinhydrone than it contained before, showing that 
the quinhydrone is less soluble than the iodoanil. 

Comparison of the Behavior of lodoanil with that of Chloroanil ^nd of 
BromoaniL —One gram of each of the three substances was dissolved in 
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8o cc. of benzene containing o. 5 cc. of water. Each solution was saturated 
with sulfurous dioxide and allowed to stand at ordinary temperatures in 
loosely corked flasks (since these experiments were tried before we had 
found that the quinhydrone crystals were deposited without any evap¬ 
oration of the solvent). After four weeks the flask containing the iodo- 
anll showed crystals, some of which were black like the quinhydrone, 
others brown like iodoanil, but, as the black crystals were no larger than 
the others, the darker color could not be due to greater thickness. This 
blade color, which we have never observed with iodoanil alone, justifies 
us in inferring that the quinhydrone had been formed, and we were con¬ 
firmed in this belief by the peculiarities in habit of the two sorts of crys¬ 
tals, for, while the black were usually terminated at both ends by two 
planes at an obtuse angle, the brown showed only one such termination, 
the other, if well developed, consisting of a single plane at right angles to 
the sides. From the solution of chloroanil there had been deposited large 
clumps of white prisms evidently tetrachlorohydroquinone mixed with a 
small amount of yellow unchanged chloroanil, while only a yellow deposit of 
bromoanil was obtained from the experiment with this compound. 
Neither with chloroanil nor the bromoanil was there any indication of a 
substance with a darker color than yellow. 

Action of Iodoanil on Tetraiodohydroquinone .—^To determine whether 
the formation of the quinhydrone required that the hydroquiilone should 
be in the nascent state, a mixture of iodoanil and tetraiodohydroquinone, 
in the proportion of two molecules of the former to one of the latter, was 
dissolved in warm benzene. Upon cooling brown crystals of iodoanil 
separated and the liquid was then allowed to stand in a loosely corked 
flask for several weeks, when the crystals deposited were found to consist 
of long, slender, brown prisms and broader, black, prismatic plates, from 
which we infer that octoiodoquinhydrone had been formed in this case 
also, although in smaller quantity than in the experiment, in which the 
iodoanil was reduced by sulfurous acid. 

Cambridos, Mass. 


(Contributions prom thb Chbmicai, Laboratory op Harvard Univbrsity.] 

'THE SPLITTING OF BENZHYDROLS BY THE ACTION OF 

BROMINE.> 

By Gustavus J. Bsselen. /r. and Latham Clarks. 

Received September 8, 1912. 

In the course of a research on certain substituted benzophenones ^d 
benzhydrols, the authors observed that when bromine was allowed to 
' The work described in this paper formed part of a thesis presented to the Faculty 
of Arh| and Sciences of Harvard University, Cambridge, Mass., U. S. A., for the de- 
free of Doctor of Philosophy by Gustavus J. Esselen, Jr. 



SPWrriNO OF benzhydroi,s by the action of bromine. 309 


act on 4-aminobenzhydrol, in chloroform solution, a splitting took place, 
by which benzaldehyde was set free.^ The amount of the last was small, 
and the principal reaction product was probably an anhydride of high 
molecular weight, such as that obtained by Kippenberg,'^ from 4-amino- 
benzhydrol by the action of hydrobromic acid. To a certain extent, 
however, the following reaction seemed to take place, although we were 
not able to isolate any bromoaniline, 

C6Hb.CH(OH).C 6H4NH, + Brs = CcHbCIIO + BrC 6 ll 4 NH 2 + IIBr. 

As such a reaction is entirely new, we decided to investigate it further 
and so prepared 3,5-dibromo-4-aininobenzhydrol, which we considered 
would not undergo the Kippenberg anydride reaction. When this hydrol, 
in chloroform solution, was treated with two atoms of bromine, the prod" 
nets were found to be benzaldehyde, 2,4,6-tribromoaniline and hydrobromic 
acid, no other compounds being formed in amounts sufficient to be 
detected. 

That the reaction is a general one is shown by the following table, giv* 
ing tlie compounds which have been investigated, and the products 
they yielded when treated witli bromine in chloroform solution. Hydro- 
bromic acid was formed in every case together with the other products 
indicated. 


Products. 

Benzaldehyde, />-bromoaniline(?) anhy¬ 
dride 

Benzaldehyde, 2 , 4 ,6-tribromoaniline 
Benzaldehyde, 3,5-dibromo-2-toluidine 
/>-Nitrobenzaldehyde, o,p-dibromomono- 
mcthvlaniline 

Benzaldehyde, />-bromodimethylariiline 
Benzaldehyde, o,/>-dibromodiniethylani- 
line 

/>-Nitrobenzaldehyde, /)-brom od i methyl- 
aniline 

^-Dimethylaminobenzaldehydc, ^^-bromo- 
dimethylaniline 

/>-Nitroben 7 aldehyde, />-bromodimethyl- 
antlinc 

Benzaldehyde, 3,5-dibromo-4-toluidine 
No splitting 
No splitting 

^ This Journal, 33, 1135 (July, 1911). 
a Ber., 30, 1135. 

^Linnemann [Attn , 133, ii (1865)] got no splitting with bromine sealed at 200®. 


Substitueats in the benzhydrol. 

\^ OH 2; 

o 5 

1. p-Amino 

2. 3>5-r)ibromo-4-amino 

3. 3-Mcthyl-4-amino 

4. />'-Nitro-/>-monomelhylamino 

5. ^-Dimethylamino 

6. 3-Bromo-4-dimethylamino 

7 - />'-Nitro-/>-dimethylamino 

8. />,/>'-Tetramethyldiamino 

9. />'-Nitro-^-diethylamino 

10. 2-Amino-5-methyl 

11. w-Amino 

12. Unsubstituted® 
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In Nos. 3, 4, and lo in the above table, one molecular proportion of 
bromine split only half of the hydrol present, which is explained by the 
fact that in each case a dibromo compound was formed. 

The usual solvent was dry chloroform, free-from alcohol, but alcohol- 
free ether and absolute alcohol serve equally well. Ether has the advan¬ 
tage that the aldehyde product of the splitting remains in solution, while 
the hydrobromide of the amino part is precipitated, thus making the 
separation of the products, as a rule, easy. 

In brief, it has been shown that benzhydrols, with an amino or alkylated 
amino group in the ortho or para position to the hydrol group, are split 
by the action of bromine into benzaldehyde or benzaldehyde derivatives, 
and a halogenated aniline derivative. Chlorine and iodine act similarly 
to bromine with such modifications, as the differences in nature of these 
three elements would lead one to expect, but neither gives so good re¬ 
sults as bromine. Benzhydrol and m-aminobenzhydrol do not split 
under the influence of bromine. Finally the reaction does not depend 
on the solvent in which it is carried on. 

This reaction has a very practical value for organic chemistry in deter¬ 
mining the constitution of compounds belonging to certain classes, not 
only the benzhydrols or benzophenones containing an amino group in 
the ortho or para position, or benzhydrols in which such a groyp could be 
introduced, but also the derivatives of diphenylmethane, inasmuch as 
these, on oxidation with chromic acid, give the corresponding benzophe- 
none compounds which, in turn, could be reduced to tlie benzhydrols 
with sodium or aluminum amalgam, and then split witli bromine. 

In looking through the literature for similar examples of splitting, 
only one was found in any way resembling the one under consideration. 
WeiF noticed that boiling with dilute mineral acid for several days breaks 
up /?,/>'-tetramethyldiaminobenzhydrol into dimethylaniline and /?-di- 
methylaminobenzaldehyde, which latter condenses at once in the acid 
solution with unchanged hydrol or with dimethylaniline to form leuko- 
crystal violet, but when this splitting with acid is compared with the 
bromine splitting, several marked differences are apparent. The most 
striking is, that in the case of bromine the action takes place almost in¬ 
stantaneously even at o®, whereas with the acid it takes several days at a 
temperature of about loo®. Another difference is that dimethylaniline 
is produced with the acid, where /^-bromodimethylaniline is obtained in 
the bromine splitting. Finally some compounds, which are synthesized 
by heating ^-nitrobenzaldehyde with an alkylated aniline at loo® in con¬ 
centrated hydrochloric acid solution for forty hours, for example ^-nitro- 
/?'-dimethylaminobenzhydrol and p-nitro-^'-diethylamino^nzhydrol, 
break down at once when treated with bromine in chloroform. In these 
1 Ber„ 27,53316^(1894). 
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cases there can be no doubt that the splitting is not due to acid or it would 
not be possible to syntliesize the compounds in the manner in which they 
are prepared. Since the other examples of the splitting are analogous 
to these two, this evidence may be included with the rest to show that in 
no case is the splitting with which this work is concerned due to hydro* 
bromic or other mineral acid, but is caused entirely by the action of the 
bromine. 

The Mechanism of the Reaction. 

Concerning the mechanism of the reaction whereby bromine splits 
ortho and para-aminobenzhydrols, Hantzsch and Graf^ have shown that 
bromine, when allowed to act on an aromatic amine, first forms an unstable 
addition compound in which one molecule of bromine is directly added to 
nitrogen, and that tliis addition compound then rearranges to form the 
hydrobromide of a vsubstitution product, from which the hydrobromic 
acid may or may not be split ofT according to the conditions. 

If now our reaction proceeds in accordance with the work of Hantzsch 
and Graf, tlic primary product should be a compound of the general 
formula: 

ColIs.C 11 (OH) .C6H4NR2Br.Br, 

where R may be eitlier hydrogen or an alkyl group. When the wSplitting 
was carried out at —80®, it was found possible to isolate intermediate 
compounds, which exhibited all the properties that would be expected 
from amine dibromidcs, some of which could be explained on no other 
basis except the assumption that they were amine dibromides. It may be 
objected that the splitting reaction might take place very quickly even at 
- 80®, and that the supposed intermediate compounds wxtc really per- 
bromides of the bromoaminc formed by the splitting. In answxT to this, 
it is sufficient to consider the case of p-dimethylaminobenzhydrol and to 
point out that the perbromides of p-bromodimethylaniline are solids,” 
are comparatively stable at room temperature and form at 0°, whereas 
our compound in this case was an oil and did not form even at —20°. 
Accordingly it is clear that the substances in question must be considered 
as amine dibromides even though their instability at ordinary tempera¬ 
tures prevented an analysis to determine their exact composition. 

The next question is obviously as to how^ the dibromide of an amino- 
benzhydrol can fit into a scheme wrhich explains the splitting of amino- 
benzhydrols. It will be remembered that Hantzsch and Graf^ were un¬ 
able to isolate the dibromide of dimethylaniline, because of the great ten¬ 
dency for one atom of bromine to change places with the parahydrogen 
atom of the benzene ring, thereby forming the hydrobromide of p-bromo- 

* Ann,, 346, 188 (1906). 

• Ibid., 346,195 (1906). 

^Loc. cU. 
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dimethylaniline. This rearrangement was found to take place even at 
—40®. Since bromine exhibits so great a tendency to shift to the para 
position in the ring, it would not seem surprising if the second stage in 
the action of bromine on aminobenzhydrol consisted in an interchange 
of position between one of the added atoms of bromine and the group in 
the para position, viz.y C 6 H 6 CH(OH). The compound thus formed would 
be represented by the formula: BrC6H4N(R2)(Br)—CH(OH)C 6 H 6 . 

Objection may be raised that the analogy is not complete; that the large 
group CeHsCH (OH)—could notjbe expected to shift with any such readi¬ 
ness as an atom of hydrogen, as in the case of dimethylaniline. The answer 
to this is, that, in order to be dislodged by the bromine, the group in the 
para position need only be united to the benzene nucleus by a force which 
is no stronger than that which binds an atom of hydrogen in a similar 
position. If such is the case, the work of Hantzsch and Oraf already re¬ 
ferred to shows that it will be replaced by the bromine. Chattaway’ 
has further shown that the compound, C6H5NrCT)CcHB)2, when heated, re¬ 
arranges to a compound with the formula: C6H6COC6H4NH'--COC(iH5. 
In this case the group which rearranges is CbHbCO—, quite similar to the 
one with which we are dealing. If this rearranges in the molten solid, 
the rearrangement supposed for the bromine reaction in this paper ought 
to go much more readily when once started, since it is carried on in solu¬ 
tion. 

It may be well to consider if there is any further evidence, other than 
analogy, which indicates the occurrence of a rearrangement like that just 
outlined. The first thing that suggests itself is the fact that when the 
amine dibromides of the aminobenzhydrols were put on a watch glass or 
porous plate at ordinary temperatures, they were agitated by some internal 
disturbance which may well have been due to a readjustment or rear¬ 
rangement of the forces within the molecule. A strong confirmation of 
the theory given above is that the splitting occurs with those benzhydrols 
where the amino or alkylated amino group is in the para or the ortho 
position, but does not occur when the amino group is in the meta position. 
Now, it is well known that halogen, rearranging from nitrogen, tends to 
go into the para position if possible, and if not, then to the ortho position, 
but never to the meta position. 

Granting, then, that such a rearrangement takes place, it requires only 
that a molecule of hydrobromic acid be split off, to give the products 
actually obtained by experiment. This molecule of hydrobromic acid 
may, or may not, combine with the amine according to the conditions 
and the nature^ of the amine. The mechanism of the reaction would be 
then as follows: 

^ /. Chem, Soc», 85» 394 (1904). 
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CflH8CH(OH)C6H4NR2 + 2Br —> C6HBCH(OH).C6H4NR2BrBr—> 

C«H4CH(OH).N(R2)Br.C6H4Br —^ CoHeCHO + N(R2)C6H4BrHBr. 

Experimental Part. 

The preparation, properties and action of bromine on ^-aminobenzhy- 
drol and 3,5-dibromo-4-aminobenzhydrol have been described in an 
earlier paper. ‘ 

3-Methyl-4-aminobenzhydrcfl.'^The preparation of 3-methyl-4-amino- 
benzhydrol was effected by reducing 3-methyl“4-aminobenzoplienone 
with sodium amalgam in alcoholic solution. The 3-methyl-4-amino- 
benzophenone was made according to the method of Chattaway^ and 
Lewis by heating o-toluidine with benzoyl chloride in the presence of an¬ 
hydrous* zinc chloride and saponifying the resulting benzoyl derivative 
of 3-methyl-4rauiinobenzophenone. In carrying out the reduction, one 
part of 3-metli5di»4-aminoben;zophenone was dissolved in twelve parts of 
alcohol and to the,&olution were added fifteen parts of three per cent, spdium 
amalgam. After standing at room temperature for several hours, the mix¬ 
ture was heated on a steam bath with a reflux condenser for six hours, 
five parts of water being added to the mixture after two and a half hours. 
At the end of six hours the solution was filtered hot and evaporated on a 
steam bath until crystallization began. It was then cooled and the crys¬ 
tals which formed were filtered off and dried. They were crystallized 
from a mixture of one part of alcohol with three parts of water and a drop 
or two of twice normal sodium hydroxide solution. Hot benzene, hot 
naphtha or hot carbon tetrachloride can also be used, but none of these 
work so well as the dilute alcohol just referred to. 

Properties, —^3-Methyl-4-aminobcnzhydrol crystallizes in white needles 
which melt at no®. It is soluble in methyl and ethyl alcohols, ether, hot 
benzene, hot naphtha, chloroform, acetone, and hot carbon tetrachloride. 
It is insoluble in water. Concentrated nitric acid dissolves it, forming a 
solution which is yellow at ordinary temperature but turns red on boil¬ 
ing. Concentrated hydrochloric acid converts it into an amorphous 
body which is not soluble even in boiling sulfuric acid. It dissolves slowly 
in cold, concentrated sulfuric acid to form a deep red solution which dark¬ 
ens on heating. Cold, glacial acetic acid forms a solution with a pale 
red tint. On boiling, this color changes to green and on subsequent 
cooling a greenish yellow solid is produced which does not melt, but 
chars at about 210®. These facts .seem to point to the formation of an 
anhydride, analogous to the one formed in the case of />-aniinobenzhydrol 
under similar conditions. A further indication of this is the fact that, 
if 3-'methyl-4-aminobenzhydrol is dissolved in hot water and the result¬ 
ing solution boiled so that the acid fumes of the laboratory have access 
^ This Journal, 33, 1138 (tqh). 

® J. Chem, Soc., 85, vSQl (1904). 
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to it, a white, amorphous precipitate begins to form ai|•l^^Mltltw aaiautes. 
This is the reason why the liquid from whidi the bodjMs esystaOized is 
alwajrs kept slightly alkaline. 

Calculated for CmHuON: N, 6.57%; found, 

Action of Bromine on 3-MethyU4-aminoben2hydrol, —^3.5i|g‘fM3«ttthyl-4- 
aminobexizhydrol were dissolved in 70 cc. of chloroform (wUeb had been 
washed three times with water and thoroughly dried) a|Ml*ikieated with 
2.63 g, (corresponding to two molecules) of bromine. The generated 
a considerable amount of heat. After standing a minute aiMlwo, a white 
precipitate appeared in the solution and was filtered off,l«llilt it was so 
very small in amount that it could not be identified. Thife"4dM^X3fo!rm fil¬ 
trate was evaporated in a rapid current of air, leaving an lliy fesidne with 
a benzaldehyde odor, which was shaken with i : acid. 

The resulting solution was almost neutralized with sdlKiim hydroxide, 
extracted with ether and evaporated, leaving an oil, whlrfi was proved to 
be benzaldehyde by converting it to the phenylhydraiOlie. Hiis, after 
four crystallizations, formed white, shining needles, whkh turned pink 
when exposed to the light, and melted at 153-154®, thulnorresponding to 
the phenylhydrazone of benzaldehyde. 

The residue from the extraction with hydrochloric Wdkl was covered 
with very dilute acid and distilled with steam. A pale, ydObw oil came 
over which solidified to a pale green, crystalline sdlid. It melted at 
46.5® and sublimed to form white needles which coittained halogen and 
melted at 46.5-47 ®. After two crystallizations from §5% alcohol and one 
from 35% alcohol, it melted at exactly the same tempernture. It appeared 
that we were dealing with 3,5-dibromo-2-toluidine, whidb melts at 45-46®, 
according to Neville and Winther,^ and at 50® according to Wroblev&y,* 
the latter figure being given also by Mohlau and OehtttdMai.* After the 
elaborate purification process which it had undergone there was not enough 
of this dibromotoluidine left to analyze. Accordingly some 3,5^dibromo-3- 
toluidine was synthesized by treating o-toluidine dissolmd in chloroform 
with bromine. The conditions of the synthesis were thus almost identical 
with those under which the compound was formed, When 3*mcthyl-4- 
aminobenzhydrol was split by the action of bromine. One sample of the 
resulting hydrobromide of 3,5-dibromo-2-toluidine was convert^ to the 
free base and purified l?y crystallizing from hot 50% alcohol. It then had 
the constant melting point 47®. 

Calc for CrHrNBra: Br, 60.35; found, 6069. ^ 

Action of Bromine on p-Nitro-p'-methylaminobenzhydrtM^The method 
used in preparing / 7 -nitro-p'-methylaminobenzhydrol wte that Of Al- 

* Ber,, 13, 966 (1880). 

Mww., 168,187 (1873). 

* J. prakt, Chetn,, [2] 24, 478 (i88i>. 
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brecht,^ which consists essentially in heating ^-nitrobenzaldehyde with 
monomethyl aniline in the presence of an excess of concentrated hydro¬ 
chloric acid for forty hours on a steam bath. On dilution with water 
the unchanged nitrobcnzaldehyde separated out and was filtered off. 
The filtrate was made alkaline with sodium hydroxide solution, the re¬ 
sulting precipitate distilled with steam to free it from unchanged methyl- 
aniline, and the residue was crystallized from 25% alcohol, giving fine, 
yellow needles, which melted at 113®, as against 108®, given by Albrecht 
as the melting point of the same compound. 

In studying the action of bromine on p nitro-/?'-methylaminobenz- 
hydrol, 2.5 g. of the substance were dissolved in 60 cc. of chloroform and 
to the solution i 5 g. (corresponding to one molecule) of bromine were 
added. A small amount of a black oil was thrown out of vSolution at once. 
It was not volatile with steam and its identity could not be established, 
'fhe solution was poured oil from the black oil and the chloroform evapo¬ 
rated, leaving a green, partly cr^'stalline substaYice. This w^as washed 
three times with ether and the insoluble residue distilled with steam, 
yielding a very small amount of yellow oil and a yellow solution. The oil 
was removed and combined with more of the same obtained from the ether 
washings, as will be described in a moment. On cooling the yellow solu¬ 
tion, crystals separated out, which, after four crystallizations from water, 
formed long, slender, white needles and melted at 105°. They were thus 
identified as /p-nitrobcnzaldehyde, the melting point of which is given by 
Otto Fischer as ro6®.^ Our compound also had the characteristic alde¬ 
hyde odor which he mentions. The ether extract of th6 residue left from 
the evaporation of the chloroform was evaporated and the resulting oil 
distilled with steam. The yellow oil which came over solidified on cool¬ 
ing, and when boiled with water, a small part of it dissolved, the solution 
depositing, when cool, a very small amount of pale yellow needles which 
proved to be ^-nitrobcnzaldehyde. The part insoluble in water was crys¬ 
tallized from dilute alcohol, forming white shining plates with a yellowish 
tinge. They were recognized as (?-;f>-dibromomononiethyl aniline, melted 
at 47®, and had the other properties of that eompound as given by Fries.^ 

Action of Bromine on p-DimcthylaminobenzhydroL—The p-dimethyl- 
aminobenzhydrol used in this work was made by reducing ^>-dimethyl- 
aminobenzophenone with sodium amalgam according to the directions 
of Albrecht.^ The most convenient method for preparing /?-dimethyl- 
aminobenzophenone consisted in heating benzanilide with dimethyl- 
aniline in the presence of phosphorus oxychloride and pouring the product 

1 Her., 21, 3292 (i888). 

14, 2525 (1881). 

• Ibid,, 37, 2346 (1904). 

* Ibid,, ax, 3293 (1888). 
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into water;^ although the first />-dimethylaminobenzopheiioiic used in 
this work was made according to the method of Dobner,* m., heating 
^-aminobenzophenone in a sealed tube with methyl alcohol and methyl 
iodide. 

Five grams of ^-dimethylaminobenzhydrol were dissolved in 8o cc. of 
chloroform and two molecular proportions of bromine added. Dry hydro¬ 
gen chloride was then passed into the solution in excess to form the hydro¬ 
chloride of any amine present. When the chloroform was evaporated, 
. a green liquid was left, from which a pale yellow oil was extracted by ether. 
This yellow oil had the characteristic odor of benzaldehyde and boiled 
at which is the value given by Kopp as the boiling point of benzalde¬ 
hyde.'* In another experiment the benzaldehyde was identified by form¬ 
ing the characteristic phenylhydrazone which melted at 156®. The part 
of the green liquid insoluble in ether was dissolved in absolute alcohol 
and made alkaline by the addition of 4 5 g. of sodium hydroxide. The 
residue left after the evaporation of the alcohol was distilled with steam, 
giving white, waxy plates. Since these smelled noticeably of benzalde¬ 
hyde, they were spread out in a thin layer and exposed to the air for three 
days, during which time the benzaldehyde was oxidized to benzoic acid. 
To get rid of this acid, the solid was washed, first with 6% sodium hy¬ 
droxide solution and then with pure water. After being subjected to 
steam distillation, the substance melted at 53 ° and was analyzed for bro¬ 
mine. 

Calc, for CgHioNBr* Br, 39 99; found, 4037. 

Thus the compound was parabromodimethylaniline. 

Action of Bromine on*p-Dimethylaminohenzhydrol at -80 ^.—In studying 
the action of bromine on ^-dimethylaminobenzhydrol at low tempera¬ 
tures two kinds of experiments were performed. In the first an amount 
of bromine proportional to two atoms was used and in the second an amount 
proportional to one atom. For example, in an experiment of the first 
kind 2 g. of /?-dimethylaminobenzhydrol were dissolved in 5 cc. of chloro¬ 
form in a small Erlenmeyer flask, and cooled in a mixture of ether and car¬ 
bon dioxide snow. A solution of 1.42 g. of bromine in 5 cc. of chloro¬ 
form was prepared and similarly cooled. When this was added to the 
other solution a dark red oil separated out as soon as the one solution came 
in contact with the other. A little of the red oil taken out on a platinum 
spatula and put on a porous plate at room temperature turned to a very 
pale red color and was apparently agitated by some reaction for a few 
seconds. After this the odor of benzaldehyde was noticeable. In some 
cases a few bubbles of gas appeared during the agitation on the porous 

^ German patent, No. 41,751; Friedlander, I, 44. 

* Ann ., azo, 270 (1881). 

• Ibid., 94f 3 H (1855). 
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plate» probably due to the vaporization by the heat of reaction, of the 
small film of chloroform which still clung to the oil. The chloroform was 
now poured off from the main part of the oil in the original flask and ace¬ 
tone added in its place. The oil dissolved slowly, and at the end of an 
hour or so, the odor of benzaldehyde was unmistakable, as was also the 
characteristic effect on the eyes and nose of bromoacetone. 

In an experiment of the second class, solutions of 2 g. of /?-dimethyl- 
aminobenzhydrol and 0.71 g. of bromine, each in 5 cc. of chloroform, 
were prepared, cooled and mixed as before. A little of the red oil which 
formed immediately was taken out on a platinum spatula and (juickly 
put into an aqueous solution of starch and potassium iodide, cooled to its 
freezing point, 'fhe characteristic blue color produced by free iodine 
was developed at once and was further identified by the fact that arsenious 
acid caused it to disappear. In order to make absolutely sure that the 
test was due to an amine dibromide and not to unused bromine, some of 
the red oil was prepared at -80^, exactly as it was in the first experiment 
described above. The mother liquor was then poured off and the oil 
was washed three times with chloroform which had been shaken out 
with water, carefully dried, and cooled to its freezing point. The third 
washing was shaken with an aqueous solutiem of starch and potassic 
iodide, but only an exceedingly faint bluish tinge was developed, showing 
that all the free bromine, if any had not reacted, had been removed. A 
little of the red oil was then put into a similar starch-potassic iodide solu¬ 
tion and a vet*}^ deep blue color was developed which clearly showed 
that tlie oil was an amine dibromide. 

onto- 4 -dmiethylam inohcnzophcfione.-' The simplest procedure for 
preparing 3-bromo-4-dimethylaminobenzophenone was found to be the 
following: 12 g. of /?-dimetliylaminobeiizophenone were dissolved in 
82 cc. of ordinary chloroform and to the solution was adiled 8.5 g, (corre¬ 
sponding to one molecule) of bromine, the color of the bromine disappear¬ 
ing as soon as it dissolved in the chloroform. After standing for a short 
time the chloroform was evaporated on a steam bath, leaving a colorless 
oil which was crystallized from 8o^( alcohol. Yield, 10 grams, 

3-Bromo-4-dimethylaminobenzophenone w^as first obtained in an ex¬ 
periment, the object of w^hich was to prepare 3-5-dibrorao-4-diniethyl 
aminobenzophenone. It was found that but one atom of bromine could 
be introduced into 4-dimethylaminobenzophenone, an excess of bromine 
giving only a perbromide from which acetone, alcohol and potash form the 
above monobromo derivative. Nor did we succeed in producing the 3-5-di- 
bromo-4-dimethylaminobenzophenone by methylation of 3-5-dibromo-4- 
aminobenzophenone. 

Properties, —3-Bromo-4-dimethylaminobenzophenone can easily be 
crystallized from hot alcohol or hot naphtha. It forms colorless, trans- 
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parent rhombic plates when allowed to crystallize by the spontaneous 
evaporation of a solvent. When crystallized from hot alcohol, it forms 
white, shining crystals, and melts when pure at 8o®. It is soluble in ether, 
benzene, chloroform, carbon tetrachloride, glacial acetic acid, acetone, 
hot alcohol, and hot naphtha, but invsoluble in water. 

j-Bromo-4-dimethylaminobenzhydroL —^The first reducing agent tried 
in the reduction of 3-bromo-4-dimethylaminobenzophenone to the corre- 
spending hydrol was zinc and acetic acid. This, however, did not appar- 
ently accomplish the desired result. Aluminum amalgam was next tried 
in the following manner. A solution of five grams of 3-bromo-4-dimethyl- 
aminobenzophenone in 150 cc. of alcohol was prepared and treated with 
aluminum amalgam from 25 grams of aluminum punchings. The mix¬ 
ture stood at room temperature for four hours and there was then added 
to it 8 cc. of water and aluminum amalgam from 13 g. of aluminum punch- 
ings. After standing for about eighteen horn's longer, the solution was 
filtered from aluminum hydroxide, aluminum, and mercury, and the pre¬ 
cipitate was washed with warm alcohol. (If the mixture was heated to 
the temperature of the steam bath for any length of time during the re¬ 
duction, a dark green color was developed which did not appear if the re¬ 
duction was carried out at the ordinary temperature of the room. In 
one such instance where the green color was developed quite strongly, a 
faint odor of benzaldehyde seemed to be perceptible after the evapora¬ 
tion of the alcohol.) The alcoholic filtrate was evaporated on a steam 
bath, leaving a yellow oil which contained halogen and gave benzaldehyde 
when treated with bromine in chloroform. All attempts to crystallize 
it, however, were in vain. A sample was prepared and dissolved in ether. 
The ethereal solution was dried, by standing over fused calcium chloride 
several days, and was then filtered and the ether evaporated carefully on 
a steam bath. After the residual oil had been dried in vacuo over stick 
potassium hydroxide for forty-eight hours, it was analyzed with the 
following results: 

Calc, for CnHieONBr. Br, 26.12%; found, 24.88%. 

Pro’perties. —3-Bromo-4-dimethylammobenzhydrol is a straw colored, 
viscous oil which is not volatile with steam, and boils with decomposi¬ 
tion at about 275° under a pressure of 55-60® mm. A certain amount of 
charring accompanies the distillation. It is miscibleVith ether, benzene, 
hot naphtha, hot alcohol, chloroform, carbon tetrachloride, acetone, 
and glacial acetic acid, but not miscible with water. 

Action of Bromine on j-Bromo-4-dimethylaminobenzhydroL —2 g, of 
3-bromo-4-dimethylaminobenzhydrol were dissolved in 10 cc. of washed 
dried chloroform and to the solution was added an amount of bromine 
corresponding to two atoms. A red oil was thrown out of solution at 
once, but dissolved when stirred up for a few seconds. After the chloro- 
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form had been evaporated in a rapid stream of air, a dark brown oil was 
left, from which ether extracted a yellow oil which had the odor of benzalde- 
hyde and which gave a phenylhydrazone melting at 150® after one crys¬ 
tallization. The oil which did not dissolve in the ether was covered with 
water, rendered slightly acid with sulfuric acid, and distilled with steam. 
The colorless oil which came over with the water was identified as benz- 
aldehyde by forming its phenylhydrazone. When there was no longer 
any suspended material in the distilling flask, the receivers were changed, 
the acid liquid in the boiling flask was made barely alkaline and the steam 
-distillation continued. A white oil now came over which had the odor 
of (?-/j-dibromodimetliylaniline. There can be no doubt but that the com¬ 
pound was really o-/?-dibromodimethylaniline, but through an accident 
the material was lost, and further study was not possible. 

Action of Bromine on j-Bromo~4‘dimethylaminobenzhydrol at 80 °.—^The 
action of bromine on 3-bromo-4-dimethylaminobenzhydrol at -80® was 
tried in exactly the same way as the last experiment described under 
the heading “Action of Bromine on /?-Dimethylaminobenzhydrol at 
-80®.*' The only difference was that in this case a red solid was produced 
when the bromine was added where formerly a red oil was formed. The 
solid behaved exactly as did the oil, showing those properties which could 
be expected if the bromine had added to the nitrogen, but it was so unstable 
at ordinary temperatures that an analysis was quite out of the question. 

Aetton oj Brcnnincon p-Nitro-p'^dimethylaminobenzhydroL —Four grams of 
/>-nitro-/?'-diniethylaminobenzhydrol were dissolved in 30 cc. of chloro¬ 
form and 2.35 g. (corresponding to one molecule) of bromine were added 
and allowed to stand for a little more than an hour. The crystalline 
residue left after evaporating the chloroform was washed with ether 
several times, and the ether distilled, leaving a yellow vSolid with an aro¬ 
matic odor which, when cr\^stallized from water six times, formed long, 
pale yellow^ needles, melting at 105®, and corresponding entirely with the 
/?-nitrobenzaldehyde described by Otto Fischer.^ The part of the reac¬ 
tion product insoluble in ether was dissolved in an alcoholic solution of 
sodium hydroxide, the alcohol was evaporated, the residue extracted 
with ether, and dry hydrogen chloride was then passed into the ethereal 
^extract. The oil which formed was separated from the solution, covered 
with dilute alkali, and distilled with steam. The white solid w^hich cr}a- 
tallized from the distillate in waxy plates contained halogen and was puri¬ 
fied by three crystallizations from alcohol, when it had the melting point 
^4®. This combined with its unmistakable odor and its other proper¬ 
ties, identified it as />-bromodimethylaniline. A portion of the reaction 
mixture which was evaporated at once also showed the presence of p-brorao- 
dimethylaniline, showing that our splitting took place very quickly. 

^ 3 er., Z4» ^525 (1881). 
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The ^-nitro-^'-dimethylaimnobenzhydrol used in the work which 
has just been described was prepared by condensing dimethylaniline 
with ^-nitrobenzaldehyde in the presence of an excess of hydrochloric 
acid.^ The product was purified by crystallizing it from alcohol after the 
excess of dimethylaniline had been driven off by a rapid current of steam. 

Action of Bromine on p-p'-TetramethyldiaminobenzhydroL —In studying 
the action of bromine on p-^'-tetramethyldiaminobenzhydrol, it was^ 
found that the temperature played quite an important part in determining 
how far the reaction went. If the chloroform, after the addition of the 
bromine to the chloroform solution of the benzhydrol, was evaporated on 
the steam bath, ^-dimethylaminobenzaldehyde was identified without 
difficulty as one of the products of the reaction, but the other was a blue 
solid which behaved like a dye analogous to crystal violet, and no p-bromo- 
dimethylaniline could be found, although many varied attempts were made 
to detect it. However, this result was obtained as follows 7.5 g- of p-p' • 
tetramethyldiaminobenzhydrol (prepared by reducing Michler’s ketone 
with sodium amalgam^) were dissolved in 50 cc. of chloroform and treated 
with 4.4 g. of bromine, which was proportional to one molecule. Heat 
was generated by the reaction and the solution turned dark blue in color. 
On evaporating the chloroform in a rapid current of air, at room tempera¬ 
ture instead of on the steam bath, a blue crystalline mass was left which 
had an odor like p-bromodimethylaniline. It was distilled with steam 
and the distillate collected in three fractions of about 300 cc. each. In 
the first fraction, on cooling, white waxy plates formed, which, after three 
crystallizations from alcohol, melted at 54and had the characteristic 
odor of ^-bromodimethylaniline. 

Calc for CsHioNBr; Br, 39 99, found, 40 33% 

The second fraction of the distillate, after a small amount of /?-bromo- 
dimethylaniline had been filtered out, was treated with a few drops of 
alcohol and then with a little phenylhydrazine, which produced a white 
precipitate. When crystallized four times from water, this precipitate 
formed pale yellow, shining needles, which melted at 146 5® and corre¬ 
sponded in their properties with the phenylhydrazone of /?-dimethyl- 
aminobenzaldehyde, which melts according to Knofler and Boessneck* 
at 148®. The presence of /?-dimethylaminobenzaldehyde in the third frac¬ 
tion of the distillate was shown by adding, after slight acidification with 
hydrochloric acid, a few drops of benzidine in water which produced a. 
yellow color and at the end of about three-quarters of an hour the brick- 
red precipitate characteristic of /?-dimethylaminobenzaldehyde according, 
to Weil.* 

^ Albrecht, Ber., 21, 3292 (1888); German patent. No. 45,806. 

‘ Nathanson and Muller, Ber., 22, 1879 1889). 

« Ber, 20, 3195 (1887) 

27, 3317 (1894). 
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Action of Bromine on p-Nitro-p'-diethylaminobenzhydrol. —In preparing 
the ^-nitro-^'-diethylaminobenzhydrol which was used in this work, 
the method of Albrecht^ was used, consisting in condensing p-nitrobenz- 
aldehyde with diethylaniline in the presence of an excess of hydrochloric 
acid. 1.4 g. of /?>nitro-p'-diethylaniinobenzhydrol were dissolved in 10 
cc. of dry chloroform and an amount of bromine corresponding to one mole¬ 
cule was added. The chloroform was evaporated in a rapid current of 
air, leaving a yellowish crystalline residue. Ether extracted from this a 
solid, which, after five crystallizations from water, melted at 105° and was 
identical in its other properties with the ^-nitrobenzaldehyde described 
by O. Fischer. The residue, left after washing with ether, was subjected 
to steam distillation, first from a dilute sulfuric acid solution to get rid 
of the remaining p-nitrobenzaldehyde, and later from a slightly alkaline 
solution, yielding a sweet-smelling, colorless oil, which crystallized on cool¬ 
ing to form creara-colorcd plates containing halogen. When crystallized 
once from alcohol it formed white needles which melted at 33 and corre¬ 
sponded in every way with the p-bromodiethylanilin described by Claus 
and Howitz .2 

2 -Amino - 5 - methylbenzhydroL —3 - AIethyl - 4 - aminobenzophenone was 
made by heating />-toluidine with benzoyl chloride, in the presence of 
anhydrous zinc chloride, for a number of hours.® After a saponification 
with alcoholic hydrochloric acid and removal of ethyl benzoate and tarry 
matters, the 3-methyl-4-aminobenzophenone was obtained by means 
of a long-continued steam distillation. In reducing this to the benzhydrol 
one part was dissolved in twelve parts of alcohol and fifteen parts of 3% 
sodium amalgam were added. After standing for two or three hours 
at room temperature, the mixture was boiled under a return condenser 
for six hours or until all the amalgam was exhausted, four parts of water 
being added at the end of three hours of heating. The solution was fil¬ 
tered hot and evaporated on a steam bath to about half of its original 
volume, when an oil separated out, and, on cooling, this solidified in white, 
radiating, circular clumps, which were crystallized from a mixture of one 
part of alcohol to four of water, the mixture being made alkaline with a 
few drops of twice normal sodium hydroxide. Two or three crystalliza¬ 
tions were sufficient for purification. This compound was 2-amino-5- 
methy Ibenzhy drol. 

Calc for CuHisNO: N 6.57; found 6.02,6 65^r 
Properties, —^When crystallized from slightly alkaline 20% alcohol, 
2-amino-5-methylbenzhydrol forms white, feathery crystals or small, 
shining transparent rhombohedra. When dissolved in alcohol and al- 

* Loc, cit> 

2 Ber., 17, 1327 (1884). 

* Chattaway and Lewis, J, Chem, Soc,, 85, 594 (1904). 
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lowed to oystallize undisturbed by the spontaneous^ evaporation of the* 
solvent, it forms large, well-formed transparent rhombohedra. It melts,, 
when pure, at 107®. It is soluble in alcohol, ether, benzene, chloroform,, 
acetone, glacial acetic acid, hot naphtha, carbon tetrachloride (somewhat 
soluble in the cold also) and hot water. It is only very slightly soluble 
in cold water or cold naphtha. Concentrated nitric acid dissolves 2-amino- 
5-methylbenzhydrol in the cold, forming a pale yellow solution which turns 
a deeper shade on boiling. When treated with cold concentrated hydro¬ 
chloric acid it seems to dissolve, but in a few seconds a turbidity appears 
which dissolves on boiling,’ but reappears when the solution is cooled. 
Concentrated sulfuric acid dissolves it to form a red solution, which chars 
when heated. 

Action oj Bromine on 2-Amino-j-methylbenzhydroL —In this experiment, 
the object of which was to see if an amino group in the ortho position to 
the hydrol group behaved like one in the para position, 2 i g. of 2-amino-5~ 
methylbenzhydrol were dissolved in 20 cc. of chloroform. On the addi¬ 
tion of 1.58 g. (one molecule) of bromine a noticeable amount of heat was 
generated. The chloroform was evaporated at once by a stream of air, 
leaving a yellow oil which had the odor of benzaldehyde. It was washed 
five times with 20 cc. portions of i : i hydrochloric acid, leaving an in¬ 
soluble residue which was not volatile with steam, being probably, for the 
most part, unchanged 2-amino-5-methylbenzhydrol. The hydrochloric 
acid washings were subjected to a steam distillation, and white needles 
were obtained, melting at 73°, and identical in every respect with the 3,5- 
dibromo-4-toluidine of Wroblewsky.^ Nothing was obtained by further 
distilling after addition of an alkali. The filtrate from the white needles 
was proven to contain benzaldehyde by the formation of its phenyl- 
hydrazone^ melting at 155.5®. 

Meta-aminobenzhydroL —m-Aminobenzophenone was made as follows: 
The chloride of w-nitrobenzoic^ acid was condensed with pure benzene 
by means of anhydrous aluminum chloride.^ It was found that only 
about one-third the amount of aluminum chloride given in the literature 
was needed. The resulting m-nitrobenzophenone was then converted 
to m-aminobenzophenone by reduction with stannous chloride in alcoholic 
hydrochloric acid. To reduce w-aminobenzophenone to m-aminobenz- 
hydrol, one part of the former was dissolved in thirty-five parts of alcohol 
and twelve parts of 3% sodium amalgam were added. After standing 
over night at the ordinary temperature of the room, the mixture was 
heated with reflux condenser for two and a half hours and the procedure 

^ Ann., 168, 188 (1873). 

* Loc. cit. 

® Btr., 12, 1943 (1870). 

^ Ibid., j8, 2401 (1886). 
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repeated. The solution was then filtered hot and evaporated to a syrupy 
consistency. When diluted with water and allowed to stand in a cool 
place, a white solid formed, which was purified by repeated crystalliza¬ 
tion from water or from a mixture of one part of alcohol to nine parts of 
water. 

Calc, for CisHiaON: N, 7.04; found, 6.98%. 

Properties, —Meta-aminobenzhydrol is a white solid which crystallizes 
in radiating clusters of needles or in small, transparent rhombohedra. 
It is soluble in alcohol, ether, benzene, chloroform, acetone, and glacial 
acetic acid, but practically insoluble in coli water, cold naphtha, and 
cold carbon tetrachloride. It is, however, soluble in the last three sol¬ 
vents hot. The melting point of m-aminobenzhydrol is a little peculiar. 
The substance usually melts when pure at 78 °. In some cases, after a melt¬ 
ing point of 78° had been obtained, another crystallization gave a solid 
which softened a little at 64°, but did not melt until a temperature of 
76-77° was reached. All the cr>^stallizations were carried out apparently 
under the same conditions, and the slight variation, if any, which caused 
the production of solids with different melting points could not be de¬ 
tected. It seems possible that the variation may be due to water of 
crystallization. In support of this idea it may be noted that a sample 
of the solid which melted at 64° was allowed to stand in a desiccator over 
caustic potash for ten days, after which it melted at 77°. 

Action oj Bromine on m-AminobenzhydroL —Bromine in chloroform solu¬ 
tion when added to chloroform solutions of m aminobenzhydrol, yielded 
nothing other than a yellow oil, which refused to crystallize. Experi¬ 
ments were carried out, in both hot and cold solvents, also using an excess 
of bromine, but with no better result. The reaction product certainly 
contained no benzaldehyde. It mi^t well have been an anhydride 
formed by elimination of water from the hydroxyl and amino groups, 
analogous to the anhydride of Kippenberg, but this was not proved. 
However, the important point was established that ^/-aminobenzhydrol 
does not split down into benzaldehyde and bromoaniline under the influ¬ 
ence of bromine. 

Action of Bromine on Benzhydrol, —No splitting of benzhydrol was brought 
about by bromine, although tried undet various conditions. Linneman^ 
states that benzhydrol, when heated with bromine in a sealed tube for several 
hours at 200°, yields dibromobenzhydrol. 

Action of Chlorine on p-DimethylaminobenzhydroL —A stream of dry 
chlorine gas, at the rate of 150 bubbles per minute, was passed for four 
minutes through a solution of 2.5 g. of ^-dimethylaminobenzhydrol in 
15 cc. of chloroform. The chlorine was generated by the action of hydro¬ 
chloric acid on bleaching powder. It was freed from hydrochloric acid 
‘ Ann,, 133, II (1865). 
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by passing through a tower containing water and then dried by concen¬ 
trated sulphuric acid. A considerable amoimt of heat was generated 
and the solution took on a slight green tinge. At the end of the four minutes 
the chloroform was evaporated in a rapid stream of air, the last traces 
being driven oS at loo®. A green oil remained which had the odor of 
benzaldehyde. The odor was not very strong, but still unmistakable. 
The oil was washed three times with boiling ether, which removed a very 
small amount of a yellow oil with the benzaldehyde odor. The residue, 
insoluble in ether, when subjected to a steam distillation, from either 
very dilute acid or very dilute alkali, gave a small amount of a colorless 
oil which had an odor not unlike ^-bromodimethylaniline and probably 
was p-chlorodimethylaniline. A non-volatile residue was left which was 
apparently, for the most part, ^-dimethylaminobenzhydrol, since it gave 
the characteristic splitting with bromine in chloroform solution. From 
this experiment, it seemed probable that a splitting had occurred, inasmuch 
as the odor of benzaldehyde was noticeable at so many points in the pro¬ 
cedure, but that the chlorine had acted further to form other products 
which could not be readily identified. Several modifications of the above 
procedure were tried, and in one case the temperature of the hydrol solu¬ 
tion was maintained at -70-80®, but no better success attended these efforts. 

Action of Iodine on p-DimethylaminobenzhydroL —Iodine in chloroform 
solution split /7-dimethylaminobenzhydrol into benzaldehyde and other 
substances which could not be identified. The reaction does not proceed 
at all smoothly, and although tried under widely varying conditions 
only benzaldehyde was isolated. The latter was recognized through its 
odor, and the physical properties of its phenylhydrazone. 

Use of Solvents Other 'than Chloroform ,—/?-Dimethylaminobenzhydrol in 
absolute ether solution, when treated with bromine in absolute ether, 
was at once split into benzaldehyde and the hydrobromide of parabromo- 
dimethylaniline, the former remaining in vsolution, the latter being thrown 
down as a reddish precipitate. The benzaldehyde was identified by con¬ 
version into its phenylhydrazone. The hydrobromide of parabromodi- 
methylaniline was decomposed by alkali, giving the free base which was 
identified by its physical properties. The splitting took place equally well 
when absolute alcohol was employed as the solvent. In this case, after 
distilling off the alcohol, the two produefts were separated, first by dis¬ 
tilling from acid aqueous solution which gave benzaldehyde, and second 
from alkaline solution, which gave the parabromodimethylaniline. 

We wish to express our thanks to Messrs. Kalle & Co., who very kindly 
furnished the meta- and paranitrobenzaldehydes used in this work. We 
are also much indebted to the Cyrus M. Warren ^nnd for aid in defray¬ 
ing our research expenses. 

Cambridcs, Mass. 
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ON ABIETIC ACID AND SOME OF ITS SALTS. 

By Emi. Oscar Ellimgson. 
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One of the first investigators who succeeded in isolating a crystalline 
substance from colophony was Baup. * To the crystalline material obtained 
from the colophony of the Pinus Abies tree he gave the name abietic acid. 
Since the time of Baup many experimental results have been contributed 
to the study of this acid, but in several instances they do not agree. For 
example, the melting point of the substance on record varies to such an 
extent that one may be inclined to question the purity of the acid studied. 

Although the subject of this paper deals, in general, with the prepara¬ 
tion of abietic acid and its salts, the chief object of the investigation 
was to isolate the acid in the ptirest obtainable condition and to compare 
the product with that described in the literature. 

Abietic Acid. 

The abietic acid prepared by the writer was obtained from commercial 
colophony, the method of preparation being similar to that employed 
by Maly.^ Ilis method consists mainly in extracting the rosin by means 
of 70%! alcohol at about 50°, after which the undissolved residue is re- 
ciy^stallized several times from about 85^,^ hot alcohof by adding some 
water to the solution to make the acid ciy^^stallizc out more rapidly. 

The acid described in this j)aper was prepared in the following manner: 
To 1500 grams of alcohol about 800 grams of rosin are added and the 
mixture heated on a boiling water bath for thirty minutes. A five-liter 
Jena flask may be used as a container. Part of the rosin dissolves, color¬ 
ing the alcohol yellow, and the remainder forms a reddish yellow liquid 
immiscible with the alcoholic solution. When the container is shaken 
vigorously the mixture assumes the appearance of a white emulsion. 
On standing in a cool place, the emulsion separates into two distinct 
liquid layers, of which the lower one solidifies after a few hours to a yel¬ 
low, granular mass. The supernatant liquid is poured off from the hard¬ 
ened layer and the latter again extracted in a fresh quantity of 70% 
alcohol and otherwise treated in the same way. This procedure is re¬ 
peated once more, after which tlie final residue is recrystallized about 
seven times from hot 95% alcohol without the addition of water. A few 
cubic centimeters of acetic acid, added to the solution when recrystallizing 
the first time, seemed to aid the process of crystallization. Eramerling^ 
allowed the acid to crystallize from concentrated acetic acid before at¬ 
tempting to recrystallize it from alcohol. 

If water be added to start the precipitation of the acid, the latter crys- 

^ Ann. chim. pkys., 31^108 (1826). 

* J. prakt. Chem., 86, iii (1862). 

» Ber., xa, 1442 (1879). 
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tallizes fairly rapidly but the compound is not pure, the crystals occluding 
an appreciable quantity of other resinous materials from the solution. 
It was found that some of these impurities clung to the acid even when no 
water was added. The complete separation of the acid from this admix¬ 
ture of resinous substance constitutes the main difficulty in securing the 
pure compound. 

To obtain pure abietic acid it should be allowed to crystallize slowly 
from a hot solution of 95% alcohol, in which from 10% to 15% of the acid 
has been dissolved, repeating the process until the compound shows a 
definite melting point. The alcoholic solution is placed in a large crys¬ 
tallizing dish and about one-third or one-half of the solvent allowed to 
evaporate spontaneously at room temperature. The crystals are then 
drained free from the remaining mother liquor. 

As the recrystallization proceeds, the crystals gradually become larger 
and more distinct and, finally, the acid appears in the shape of transpar¬ 
ent, colorless, triangular plates. The accompanying photograph was 



taken of the crystals remaining in the crystallizing dish after the removal 
of the mother liquor. The shape of the crystals corresponds to that 
usually described for abietic acid The largest crystals measured one 
centimeter on an edge, which is somewhat more than the usual size here¬ 
tofore obtained. 

Ordinarily, abietic acid is said to be a crystalline compound of a light 
yellow color, but the crystals obtained by the writer were perfectly color¬ 
less. While this is evidence of the high purity of ^he compound, the crys¬ 
tals were, nevertheless, observed to be coated with a very thin, sticky ma¬ 
terial, To eliminate this impurity, the crystals were further recrystal- 
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lized several times from 95% alcohol, but it was impossible to get rid, en¬ 
tirely, of the final traces of the foreign substance. Whether the con¬ 
tamination is due to a resinous impurity not properly removed, or to a 
slight decomposition of the crystalline acid to non-crystalline substances 
was not ascertained. It is possible that a gradual oxidation or some other 
chemical change takes place when the acid is in contact with alcohol 
and atmospheric oxygen. 

The melting point was determined in tlie usual way, beginning with 
the sample obtained from the first recrystallization of the extracted 
residue. With each successive crystallization the melting point rose 
gradually from 120°, for the less pure material, to 152® for the pure acid. 
Since the latter invariably appeared to be melted at 152°, this tempera¬ 
ture was taken as the melting point of the pure compound. 

It should be mentioned in this connection that the rate at which the 
acid is heated has a marked influence on the observed melting point. 
If the rate of rise in temperature be about one degree per three or four 
minutes, the cr>’stals begin to soften at i42°-i46'^, whereas if the rate be 
about two degrees per minute they do not melt below 152® and are some¬ 
times not wholly melted until a temperature of 155® has been registered. 
However, when the rate is regulated to about one degree per minute the 
compound starts to melt at or near 150® and is entirely melted at 152®. 
By thus moderating the rate any decomposition due to prolonged heat¬ 
ing is reduced, and any possible discrepancy existing between the ther¬ 
mometer reading and the actual temperature of the melting acid, due to 
t(K^ rapid heating, is minimized. 

From these observations it seems that the acid is not characterized by a 
shaq3 melting point. According to Schwalbe,^ abietic acid decomposes 
on heating above 120^, giving off carbon dioxide. That rosin and abietic 
acid give off vapors when melting is a well known fact. These fumes 
contain hydrocarbons. Such a behavior would naturally result in a some¬ 
what variable melting point in the acid. 

In the literature one finds the melting point given by different investi¬ 
gators varying all the wa}" from 120® to 182°. Thus, Maly- found it to 
be 165°, Emmerling® Fluckiger^ from 120to 135°, Mead and Kre- 
mers^' from 150^ to 156°, Levy^* 182"^, Loos' from 140° to 161®, and Frank- 
forter® 130°. This wide discrepancy cannot be due to the impurity of the 

* angew. Chem , 18, 1852 (1905) 

2 J prakt. Chem., 92, 2 (1864). 

^ Ber., 12, 1442 (1879). 

^ J. prakt. Chem , loi, 239 (.1867). 

* Proc, Am. Pharm. Assoc , 41, 204 (1893) 

* Z. angew. Chem., 18, 1739 (1Q05). 

Dissert., 1900, published by the Chemical Publishing Co., Easton, Pa. 

This Journai,, 31, 536 (1909). 
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acid uader consideration but rather to the formation of isomerides whose 
properties may differ greatly. The variation of about two degrees in 
the melting point of the acid examined by the writer is therefore very satis¬ 
factory. It is well known that resinous compounds do not, as a rule, 
exhibit a perfectly sharp melting point. 

In the process of melting, the colorless acid became reddish brown. 
The coloration is probably caused by a chemical action going on in the 
compound at higher temperatures. That a change has taken place is 
further shown by the appreciable non-crystalline, resinous residue that 
remains after evaporating the mother liquor taken from a recrystalliza¬ 
tion of the melted acid in alcohol. 

Another proof that a chemical change occurs in the acid during melting 
is that the heat of combustion of the melted acid is a little lower than that 
of the unmelted compound. Since the heat of combustion is less for the 
melted than for the unmelted acid the change seems to be one of oxida¬ 
tion. It is, therefore, evident that this slight alteration in the composi¬ 
tion of abietic acid, near its melting temperature, accounts for the fact 
that the melting point is not a sharp one. 

The yield of abietic acid obtained from the colophony at hand was only 
about io%. According to some experimenters yields as high as 83% 
have been reached. The low percentage realized by the writer refers 
strictly to the pure acid. Undoubtedly some of it remained in the mother 
liquors, mixed with the resinous substances, from which it would be diffi¬ 
cult to isolate the acid in the pure condition by fractional crystallization. 
No attempts wel*e made to recover the part which may have been lost 
in this way. 

The formula of abietic acid is either Ci9H28C)2 or C20H80O2, preferably 
the latter. The corresponding molecular weights are 288 and 302, re¬ 
spectively. Experiments on the molecular weight of the acid prepared 
as just described were made according to both the freezing- and boiling- 
point methods. The boiling was done by electrical heating. The re¬ 
sults of these determinations are shown in Tables I and II. 

The results obtained in a given solvent by the cryoscopic method 
are fairly concordant. There is, however, a marked disagreement in the 
data for the different solvents. The results in benzene (Table I) indicate 
that the acid molecules are associated in this solvent. 

Abietic acid is readily soluble in most organic liquids, the solutions 
formed being non-electrolytes. Attempts were made to pass an electric 
current through 1% solutions of the add in pyridine, acetic acid, alcohol, 
benzene, and phenol, at temperatmes ranging from 25® to 75°. A con¬ 
ductance slightly above that of the pure solvent was noticed only in the 
P5nridine solution. This solution was, therefore, investigated further to 
ascertain if the add and pyridine had combined to form an abietate of 
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pyridine in solution. About five grams of the acid were dissolved in 
twenty grams of pyridine and the solution carefully distilled under re¬ 
duced pressure to separate the product of the interaction of the acid 
and the base. No such compound could be isolated in this way, for the 
base distilled off pure and the acid remained in the retort as a brown 
rosin-like mass. Solutions of the acid in aniline, dimethylaniline, and 
amylamine were similarly treated and with the same results. Mach* 
succeeded in preparing a crystalline, water-soluble compound, by allow¬ 
ing the much stronger base, tetramethyl ammonium hydroxide, to act 
on the acid. The product, however, decomposed rapidly on exposure to 
the air. 


MoIvBcular Weight. 

Table I.—Freezing Point Method. 


Solvent used 

Grams 
of acid in 

100 grams 
of solvent 

Lowering 
of the F. P. 
Degrees. 

Corre¬ 
sponding 
mol. wt. 

Acetic acid. Mol. dei)rcssioii, 3880 .. 

.. 0.9924 

0 141 

272 


1 1422 

0.168 

263 


1 6272 

0 23C 

267 


2 2720 

0 319 

275 

Benzene. Mol depression, 5000,. 

. 1 1488 

0 113 

507 


1 34 H 

0. 130 

516 


2.0599 

0 193 

533 


2.2219 

0 

Cl 

0 

532 

Phenol Mol. depression, 7500. 

• • 1 Z 793 

G 337 

284 


2.3011 

0.608 

^83 


2.7735 

0 744 

279 

Table TI. —Boiling 

Point Method. 



Solvent used 

Grams 
of acid in 

100 grams 
of solvent. 

Rise of 
the B. P. 
Degrees. 

Corre- 

spondingr 
mol. .wt. 

Pyridine. Mol. elevation, 3010. 

. I 1055 

G 157 

212 


I .2006 

0 195 

1S5 


1.6625 

0 238 

210 

Acetic acid. Mol. elevation, 3900. 

0.8154 

0 138 

230 


I 5846 

0 270 

229 

Benzene. Mol. elevation, 2670. 

. . 0 5137 

0 041 

341 


I 0284 

0 077 

356 


2 0824 

0 147 

37 « 

Alcohol. Mol. elevation, 1150. 

..11202 

0 038 

336 


2.2649 

0 074 

360 


Having thus failed in the production of salts of this nature, the prepara¬ 
tion and analysis of the abietates of the metals was next taken up, a 
description of which follows. 

’ Monatsh,, 15, 636 (1894). 
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Salts of Abiotic Acid. 

Assuming that abiotic acid, whose composition may be expressed by 
the formula C20H80O2, is a monobasic acid, the abietates ought to occur 
as compounds of the type M(C 2 oH 2 o 02 )w, where M represents the metal 
having a valence of w. While the latter formula has generally been 
assigned to the salts, it appears from the following work that the normal 
salt, M(C 2 oH 2902 )n, is rarely formed. On the contrary, acid salts or salts 
■expressed by the general formula, M(C2oH2902)n.XC2uH3o02, are most 
frequently obtained. 

The abietates of sodium, potassium, silver, copper, calcium, barium, 
strontium, cobalt, nickel, iron, zinc, chromium, aluminum, manganese, 
•cadmium and tin were prepared as described below. The sodium and 
potassium salts were first made by neutralizing the acid with a slight 
excess of alkali in a moderately dilute aqueous solution. The reaction 
took place in a flask provided with a reflux condenser, the contents being 
heated until complete solution of the acid had been effected. The two 
salts were also obtained by neutralization of the acid in alcoholic potash 
•or soda solution. Sodium abietate crystallized in long, needle-shaped 
•crystals from the alcoholic solution on cooling. 

The abietates of the heavy metals were then prepared from sodium 
■abietate by double decomposition in the following manner: A dilute 
aqueous solution of sodium abietate was added in small portions to a dilute 
solution of some salt, usually the chloride or sulphate of the metal whose 
abietate was desired. By this treatment the abietate is completely pre¬ 
cipitated. The latter was then thoroughly washed with water, filtered, 
and dried in a vacuum at about 80°. To make certain that no hydroxide 
of the metal present is mixed with the abietate, the dry precipitate was re¬ 
dissolved in pure benzene, filtered, the solvent evaporated, and the resi¬ 
due dried as before. The hydroxide referred to may be formed by the 
interaction of the inorganic salt and the slight excess of sodium hydroxide 
present in the sodium abietate solution. 

Tin abietate was prepared by double decomposition in a non-aqueous 
solution. Thus, on adding a benzene solution of stannic chloride to a 
dilute solution of copper abietate in the same solvent, until no further 
precipitation of cupric chloride was observed, the abietate of tin remained 
in solution. After the cupric chloride had settled, the dear, supernatant 
liquid was filtered and evaporated in a vacuum at about 80®. The resi¬ 
due obtained was redissolved in benzene, filtered, the filtrate evaporated 
to dryness, and the yellow residue powdered and further dried as before. 

It should be stated that the precipitation of the cupric chloride from 
the reaction between the stannic chloride and copper abietate was in¬ 
stantaneous. Reactions of a similar nature were carefully studied several 
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years ago by Kahlenberg,^ who found that certain salts were precipitated 
instantaneously and completely in non-aqueous solvents. 

Of the salts prepared, the sodium abietate was the only one obtained 
in a crystalline condition when it was made in an alcoholic solution. The 
-alkali and ammonium abietates have all been isolated in a ciy^stalline 
form by several investigators, such as Maly,^ Mach,® Le\y,^ Loos,® and 
others. 

vSince the abietates of the heavy metals, prepared as described, were not 
•crystallizable from solution, their state of purity is doubtful. Although 
the abietates of the heavy metals have been obtained both as normal and 
-acid salts by Maly,® Mach,^ and others, the results of the analysis given 
below show that these salts contain an excess of abietic acid in nearly 
every case. 

The analysis of the abietates consisted in finding the percentage of 
metal present. The substance was carefully ignited in a porcelain cruci¬ 
ble until the acid had been burned off. The basic residue was then treated 
with nitric or sulfuric acid, dried, ignited to constant weight, and weighed 
as the oxide or sulfate of the metal in question. The following table 
contains the results of the analyses conducted in this manner, accom¬ 
panied by the calculated formula in each case: 

Tin abietate gave an average of 6 10% tin, which corresponds to 
Sn(C2oH2902)2*4^2()H3o02. 

Column I contains the results obtained by analyzing abietates which 
bad been prepared by precipitation from aqueous solutions without sub¬ 
sequent solution in benzene. The sodium abietate from which the abie¬ 
tates were made contained a very slight excess of alkali. Column II 
shows the-results from portions of the same samples of abietates as in 
Column I, with the only difference that they were first dissolved in ben¬ 
zene, the solution filtered and evaporated to dryness, and the powdered 
residue dried in the usual way before the analysis. As already stated, 
the benzene treatment was applied in order to remove from the abietate 
any metallic hydroxide which may have been formed during the pre¬ 
cipitation. Hence, the figures in Column II should show a smaller per¬ 
centage of metal than those in Column I. This is also the case through¬ 
out. 

The abietates whose analysis is given in Column III were obtained by 
precipitation from a freshly prepared aqueous solution of sodium abie- 

^ J, Phys. Chem.f 6, i (1902). 

* Ann. Chem., 129, 97 (1864). 

* Monatsk., 15, 633 (1894). 

* 2 . angew. Chem., 18, 1739 (1905). 

* Dissert., 1900. 

^ Ann. Chem., 129, 98 (1864). 

Monatsh., 13, 633 (1894). 
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tate which contained a considerable excess of alkali, followed by the 
usual benzene treatment. Consequently, the results in Column III 
should be about equal to those in Column II. From the table it is seen 
that this is not the case. Instead of being equal they run higher, and even 
above those in Column I. 

The results of these analyses. Table III, show that the abietates examined 
were not the pure normal or acid salts but probably normal or acid salts 
•combined with varying amounts of abietic acid. The amount of the acid 
adhering to the salt may perhaps depend upon the concentration and de¬ 
gree of alkalinity of the sodium abietate solution from which the abietates 
-are precipitated. On the whole, the salts are rich in abietic acid, but 
the analyses of the iron abietate given in Column III and of the aluminum 
abietate found in Column I indicate basic salts in these two cases. 
Furthermore, the results on aluminum abietate given in Column II corre¬ 
spond to the normal salt. 

Some of the abietates possess characteristic colors resembling those of 
the corresponding inorganic salts. In the dry state the abietates given 
below are colored as follows: 

Nickel abietate.greenish yellow 

Chromium abietate.greenish yellow 

Copper abietate.light blue 

Cobalt abietate .lavender 

Manganese abietate pinkish white 

Iron abietate ... ... light brown 

Silver abietate. white at first 

turning brown on exposure to light. 

The .solubility of fourteen abietates in non-aqueous solvents and in 
water was investigated. The results are given in Table IV. The capital 


TabI<E IV.—Soi<UBILITY. 

Abietate of 

Solvent. Ba. Ca Sr. Cu. Cd Zn. Cr. Al. Co. Ni. Mn. Ag. Fe. Na. 

Pyridine .S S S S S S S vS S S S S S s 

Aniline. SSSSSSSS.SSSSSI 

Methyl alcohol. s s s s Ss s I s s s I I S 

Ethyl alcohol.s S s s S s s I s s s I s S 

Amyl alcohol. SSSSSSSSSSSSSS 

Benzene. SSSSSSSSSSSSSI 

Turpentine. SSSSSSSSSSSSSI 

Heptane. 1 SSs SSs Ss s SI I I 

Kerosene. I s s S S S s S S S S s T I 

Carbon bisulfide. ...SSSSSSSSSSSSSI 

Ether. s S S S S S S S S S S s s s 

Acetone. I s I S S S S I S S S s s I 

Carbon tetrachloride.. S SSSSSSSSSSSs I 

•Chloroform. SSSSSSSSSSSSs I 

Ethyl acetate. SSSSSSSSSSSSs I 

"Water. IIIIIIIIIII .IIS 
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letter S indicates a fairly copious solubility, namely, that about 4% of 
the salts are present in solution, while small s represents a very s%ht 
solubility. Likewise, the capital letter I means that the salt is practically 
insoluble. Although these results are only qualitative, they may be of 
interest to those working with resins. 

Based on this table, the following summary concerning the solubility 
of the salts is added. The abietates of the heavy metals are insoluble 
in water and but slightly soluble in methyl alcohol. In general, they are 
quite soluble in the ordinary non-aqueous liquids. Sodium abietate,. 
on the contrary, dissolves readily in water and the alcohols but not in 
other solvents. Of the three alcohols used, amyl alcohol is the htst sol¬ 
vent and methyl alcohol the poorest. Amyl alcohol dissolves all the abie¬ 
tates given in Table IV. Aluminum abietate is insoluble and chromium 
abietate soluble in acetone. Benzene, turpentine, pyridine, aniKne, 
and carbon bisulfide dissolve all the abietates except that of sodium. 
Cadmium abietate dissolves in all the non-aqueous solvents tried. 
Methyl alcohol and heptane are the poorest organic solvents for the 
abietates. 

In this paper it has been shown that abietic acid can be prepared suffi¬ 
ciently pure to give a fairly constant, though not a sharp melting point; 
that the formation of well defined crystals of the acid is good reason for 
regarding it as pme; that the production of pure salts of the acid is more 
difficult than the isolation of the pure acid itself. 

Summary. 

1. Pure abietic acid was isolated from commercial colophony by alco¬ 
holic extraction and* recrystallization. 

2. The molecular weight of the acid was determined by the freezing- 
and boiling-point methods. According to the cryoscopic method the 
molecular weight varied from 263 to 275, from 507 to 533, and from 
279 to 284 in acetic acid, benzene, and phenol, respectively. Similarly, 
for the ebullioscopic method, it varied from 185 to 212, from 229 to 230, 
from 341 to 378, and from 336 to 360 in pyridine, acetic acid, benzene, 
and alcohol, respectively. 

3. The heat of combustion of the melted acid was observed to be less 
than that for the unmelted, which indicates that the compound is proba¬ 
bly oxidized at temperatiu'es near its melting point. This accounts for 
the lack of sharpness in the melting point of the acid. The melting point 
was found to lie between 150° and 152®. 

4. The abietates of sodium and potassium were made by neutralizing 
the acid with the corresponding alkali. From the sodium abietate solu¬ 
tion the abietates of the heavy metals were precipitated. 

5. Most of the abietates prepared were analyzed and nearly all of them; 
were found to contain an excess of abietic acid. 
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6 . It was observed that the abietates of the heavy metals were quite 
soluble in non-aqueous solvents and insoluble in water. 

In conclusion, the writer takes this opportunity to thank Professor 
Kahlenberg for his valuable suggestions offered during the progress of 
the work. 

ChBMICAI. XrABOItATOJIY, UnIVBKSXTY OY WISCONSIN, 

Madison. 


THE USE OF PYRIDINE AS A SOLVENT IN THE ESTIMATION OF 
HYDROXYL GROUPS BY MEANS OF ALKYL 
MAGNESIUM HALIDES. 

By Arthur P. Tanbrrg. 

Received December 18, 1913. 

During the past eight or nine years there have been published a num¬ 
ber of articles dealing with a method for the determination of hydroxyl 
groups in organic compounds by means of the Grignard reagent. The 
reaction involved, discovered by Grignard and Tissier,’ and first de¬ 
veloped qualitatively by TschugaefF,^ is as follows: 

R.MgX + R'.OH = R.H + R'.OMgX. 

In the methods proposed for the quantitative estimation of hydroxyl 
groups, the substance is dissolved in some solvent and the solution mixed 
with a solution of CHsMgl in amyl ether, with a resultant evolution of 
methane, tlie volume of which is measured. From this volume can be 
readily calculated the number of hydroxyl groups in the molecule. 

It is necessary, in carrying out a determination, to avoid all traces of 
moisture in the apparatus and in the reagents used. A more troublesome 
difficulty arises in connection with the use of a suitable solvent. The re¬ 
quirements in this direction call for, first, low vapor pressure; second, 
ease of purification; and third, general applicability. 

Ethyl etlier, the solvent used by Tschugaeff,® is useless for quantitative 
purposes on account of its very high vapor pressure. The first investi¬ 
gators to apply the method to quantitative purposes were Hibbert and 
Sudborough, who used amyl ether and phenetole with partial success.^ 
These two solvents met admirably the first two requirements named above, 
but their application was not sufficiently wide, and it was shown that 
while very accurate results were obtained in many determinations, amyl 
ether solutions of the aliphatic amines and the lower fatty alcohols gave 
abnormal results, while phenetole solutions of almost all hydroxyl com¬ 
pounds and amines gave low results. 

^ Compt, rend,, xja, 835 (1900). 

* Ber„ 35, 3912 (1902). 

* Loc. cit. 

< Hibbert and Sudborough, Jl. Chem. Soc„ 85, 933 (1904); Sudborough, Ibid., 
95 i 477 (1909); Hibbert, Ibid,, lox, 328 (1912). 
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In investigating the efficiency of the method using pyridine as a solvent^ 
Zerewitinoff^ obtained normal results with aromatic and aliphatic hy¬ 
droxyl compounds and amines, including the lower fatty alcohols, the 
figures in many cases showing a deviation from the theoretical which was 
surprisingly small, if one bears in mind the comparatively high vapor 
pressure of pyridine, and the fact that Zerewitinoff used and recommends 
technical pyridine as a solvent, and carried out most of the determina¬ 
tions in air, which is absorbed by CHsMgl. 

In view of the advantages which this author claims for the method, it 
seemed advisable to try out pyridine as a solvent. The results obtained, 
however, were very unsatisfactory. Thus, with a-naphthol over twice the 
theoretical amount of gas was evolved. Since the a-naphthol was of 
known purity, it was decided to investigate the action of pyridine alone 
on CHsMgl. The pyridine used in these preliminary determinations 
was a high-grade technical pyridine obtained from the Baker & Adamson 
Company, dried over barium oxide as directed by Zerewitinoff. In a 
number of blank determinations a considerable amount of a gas, presuma¬ 
bly methane, was evolved. 

In order to find the source of trouble, the apparatus was first tested 
out by making a blank determination with amyl ether dried over sodium. 
There was absolutely no change in volume on mixing the amyl ether with 
the CHsMgl, and the difficulty was therefore narrowed down to the pyri¬ 
dine itself, or to impurities which it contained other than moisture. 

The following series of determinations was therefore carried out, using 
various samples of pyridine (described below), and using in all cases an 
excess of the Grignard reagent. The determinations were carried out at 
room temperature, and it should be emphasized that in each case the 
evolution of gas was immediate. 

Amount of Amount of Volume of gas evolved 

solvent used. solution used. reduced to N. T. P. 


Solvent. Cc. Cc. Cc. 

Pyridine 1. 15 10 38.5 

P3rridine II. 10 5 60.9 

P3rridine III. 10 5 27-6 

Pyridine III. lo 5 29.2 


Pyridine I was a sample obtained from Kahlbaum, further purified by fractional 
distillation and by boiling over barium oxide for twenty-four hours. 

Pyridine II was another sample of Kahlbaura pyridine, boiling point ii 5-117®, 
dried over barium oxide. 

Pyridine III was obtained from the Baker and Adamson Company. It was guaran¬ 
teed to be free from ammonia, and boiled between 116 and 118®. 

The p)nridine used in these determinations was carefully protected from 
moisture throughout the process of purification. All apparatus used was 
dried for one-half hour at no®, rinsed out with a current of dry air, and 

1 40, 2023 (1907); 2233 (1908); 43, 3590 (1910); 45 i 2384 (1912). 
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kept in a desiccator until used. All the determinations were carried out 
in an atmosphere of dry nitrogen. The apparatus used was similar to 
that described by Zerewitinoff, and the magnesium methyl iodide was pre¬ 
pared in accordance with his directions. 

No attempt was made to explain the results given in the above table, 
which differ so strikingly from those obtained by Zerewitinoff. It is certain, 
however, that the pyridine used was of a higher grade of purity than the 
technical pyridine which he used, and it was at-* least as dry. The fact 
that Oddo^ obtained satisfactory results by its use may be due to the fact 
that he employed magnesium ethyl iodide. 

In conclusion, attempts to utilize pyridine as a solvent in accordance 
with Zerewitinoff’s directions have failed completely from a quantitative 
point of view, not only with the technical product but with the repurified 
Kahlbaum material. Even with added precautions, p)n'idine has not 
been found to be a suitable solvent for use in this method; and it would 
therefore seems advisable that this method be subjected to further in¬ 
vestigation before results obtained by its use are accepted. 

The author wishes to acknowledge his indebtedness to H. Hibbert, 
at whose suggestion this work was undertaken. 

SWARTBMOKS COLLBOB, 

SWASTHMORB. Pa. 

(Contributions from thr Sheffiisld Chemical Laboratory of Yale University. ] 

THE ORIGIN OF PURINES IN PLANTS.^ 

By Trbat B. Johnson. 

Received November 24 , 1913 . 

In the plant kingdom purines occur as normal con.stituents of the plant 
cell, linked to sugar in the nucleic acids, and also in a free condition as 
stable end products of the metabolism of nitrogen. They are found in 
certain plants associated with protein in all the organs, apparently, in 
which protein is synthesized or utilized in plant growth. Regarding the 
mechanism of the processes of formation, or the chemical nature of the 
simpler organic compounds, which participate in their syntheses, we have, 
however, practically no knowledge. The primary object of this paper is to 
present some interesting data, which are very suggestive of tlie mechan¬ 
ism of purine formation, and which have led us to undertake some new 
investigations in this fruitful field. 

Every process, which has been applied successfully in the laboratory, 
for the synthesis of purine compounds, is based upon the general principle 
that the imidazole ring can be introduced into the pyrimidine nucleus. 

1 Ber., 44, 2040 (1911). 

* P3nrimidme Paper LXV. 
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N—C 

I I 
c c 


N—C 
Pyrimidine. 



Imidazole. 


I I 

C C—Nv 

I ' >c 

N—C—Nr 
Purine. 


This has been effected in different well known ways and it is not necessary 
to discuss these methods here. The only exception to this general pro¬ 
cedure is apparently the observation of Horbaczewski^ that uric acid is 
formed in small amount by fusion of urea with aminoacetic acid or the 
amide of trichlorolactic acid. Gautier,® in 1884, claimed to have obtained 
the purines, xanthine and methylxanthine, by heating hydrocyanic acid 
with acetic acid and water and expressed the transformation according 
to the following equation: 


iiHCN + 4H2O - C6H4O2N4 + C6H6O2N4. 

Xanthine. Methylxanthine 


Gautier’s products showed a long series of precipitation and color 
reactions also given by xanthine. This work of Gautier’s was repeated, 
thirteen years later, by Emil Fischer,® who showed that the products 
obtained by Gautier did not give the murexide test and consequently 
he concluded that they could not be purine compounds. During the 
following year Gautier* replied to P^ischer’s paper and again discussed the 
several reactions of his products, which were characteristic of xanthine. 
He contributed, however, no new experimental evidence to support his 
conclusions, and, so far as the writer is aware, no further work of Gautier 
or other investigators, confirming these observations, has since been 
published. 

The reverse process of purine formation, namely, that involving their 
synthesis from imidazoles or hydantoins by incorporation of the pyrimidine 
urea nucleus has, so far as the writer is aware, never been accomplished. 
Attempts to effect such transformations, which have been made in this 
laboratory,® have so far proved unsuccessful. It is of interest to note in 
this connection that Latham’s theory of the formation of uric acid in the 
animal body is based on the ground, that this purine results by vsynthesis 
through the stages of hydanloin and biuret. Uric acid, however, has 
never been detected in plants, and it has not been definitely established 
that hydantoin is a naturally occurring compound. The only evidence 
that hydantoin may occur in plants, which the writer has been able to 
find, is that given in a paper by Lippmann® who writes as follows: “doch 

‘ Ber,, 15, 2678; MonaUh.t 6, 356; 8, 202. 

* Compt. rend., 98, 1523. 

’ Ber., 30, 3131. 

* Ibid., 31, 449, 

• Unpublished work. 

• Ber., 29, 2652. 
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sei bei dieser Gelegenheit erwahnt, dass Hydantoin einmal aus dem 
Safte der bleichen Schosslinge erhalten wurde, die bei feuchtwarmem 
Wetter in oft erstaunlicher Ltoge durch davS vSogenannte ‘Auswachsen’ 
der Riiben in den Mieten entstehen undreich an stickstoffhaltigen Verbind- 
ungen vershiedener Natur sind,^ Es bildete kleine weisse Krystalle, 
deren Schmelzpunkt, der wegen vorherigen Sinterns schwer genau fcst- 
zustellen ist, bei 214° lag, loste sich leicht in heissem Wasser, besass die 
Zusammensetzung C3H4O2N2 (gef. 35.85 p. ct. C, 4.17 p. ct. H, 27.88 p. 
ct. N, 32.10 p. ct. O; ber. 36.00 p. ct. C, 4.00 p. ct. H, 28.00 p. ct. N, 
32.00 p. ct. O) und gab mit ammoniakalischem Silbernitrat eine mikro- 
krystallinische vSilberverbindung C3H302N2Ag + H2O.'' Whether this 
interesting compound results from the decomposition of allantoin, which 
has been shown to occur in plants, or is formed by direct synthesis from 
glycocoll, or is produced by the oxidation of purine compounds, we have 
no knowledge. 

The important fact that purine can be so easily synthesized from 
pyrimidine compounds is a very strong argument, from a chemical stand¬ 
point, that representatives of the latter class of compounds are probably 
the precursors of purines in plant growth. Several investigators have 
called attention to this genetic relationship and have suggested that 
cytosine, I, and uracil, II, may be the two pyrimidines involved in these 
changes. The close structural relationship between these two pyrimidines 
and the purines, adenine. III, and xanthine, IV, respectively, for ex¬ 
ample. 


N - CNH2 NH—CO 

i i II 

CO CH CO CH 

I II II! 

NH—CH NH—CH 

T. IT. 


N^CNH? 


CH C~NHv 

>1 ii Vh 

N—C — N'"'' 

III. 


NH—CO 


CO C—NHv 

I II > 

NH—C — N^ 
IV. 


CH 


is surely very suggestive, but notwithstanding this fact, it seems very 
safe to assume that this relationship will never be of more than theoretical 
interest, until new methods of converting these two pyrimidines into 
purines have been developed. Admitting that it is possible to convert 
pyrimidines of this type into purines,^ yet, no method has been developed 
by which purines can be obtained from uracil and cji.osine, which still 
retain the original CO or C-NH2 pyrimidine groupings in the 6-position 
of the purine nucleus. These two groupings are characteristic of all the 
naturally occurring purines. The 3-carbon chain is likewise a char¬ 
acteristic grouping in all naturally occurring purines, and also pyrimidines 
with the exception of thymine, which contains a methyl group in the 

' Z. Riihenz, Ind., 35, 159. 

* Johns, Am, Chem. Jour., 41, 59; 45, 79; J. Biol. Chem., 9, i6i ; ii, 67, 73, 393; 
12, 91; 14, I, 299; 15, H9, 515; 16, 135. 
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N--C 0 N-*C»NH, 



V. VI. 


5 -position of the pyrimidine ring. This pyrimidine, therefore, occupies 
an anomalous position. It is possible that plant enzymes may be found, 
which are capable of oxidizing uracil and cytosine to isodialuric and^ 
aminoisodialuric acids, respectively, but no such transformation has yet 
been effected in the laboratory by direct oxidation. Wheeler and John¬ 
son^ have shown that both uracil and cytosine can be converted into 
isodialuric acid, VIII, but the change involves, first, the formation of the 
dibromopyrimidine VII, by the action of hypobromous acid and secondly 
a treatment with alkali to remove the two halogen atoms. The trans¬ 
formation of uracil is represented by the following formulas: 


NH—CO 

I I 

CO CH 

I II 

NH—CH 


NH—CO 

I I /Br 

CO c< 

I !^Br 

NH—CHOH 
VII. 


NH—CO 

I I /OH 

CO c< 

I |N)h 

NH—CHOH 
VIII. 


It is important to note, furthermore, that the pyrimidines—uracil and 
cytosine have never been found in a free condition in plants, but always 
in combination linked as neucleosides. 

If now uracil and cytosine are not intermediate stages in the natural 
syntheses of purines in plants, then what is the mechanism of their for¬ 
mation. In other wo'rds, what further evidence have we that pyrimidines 
may be the precursors of these substances? 

It seems to the writer that the interesting results obtained by Ritt- 
hausen and coworkers,® in his investigations of the extracts of certain 
plant seeds, are worthy of careful study here, because of the possibility 
that a correct interpretation of his observations may lead to a definite 
conception of the mechanism of pyrimidine and purine formation. It 
is not improbable that we may be able to draw the conclusion from Ritt- 
hausen’s work, that the changes involved in the natural formation of 
purines, are analogous to those which take place in the synthetical pro¬ 
cesses applied in the laboratory. 

This investigator isolated from extracts of vetch seeds {Vicia saliva) 
and beans {Vicia faba and Vicia fabaminor), by precipitation with mer¬ 
curic chloride, two characteristic nitrogenous substances, vkine and 
convicine, which apparently are closely related to the plant purines. 

^ J. Biol. Chem.t 3, 183. 

2 Ritthausen and Kreusler, JT. prakt. Chem., 2, 333; Ritthausen, Ibid., 7, 334; 
[2] 24, 218; Ber., 9,301; 29, 894, 2106; Ritthausen and Prcusse, J. prakt. Chem., 59,487. 
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Vicine has also been found in beet juice by Lippmann^ and likewise in 
vetch seeds and peas {Pisum sativum) by Schulze.^ The latter writes 
as follows regarding vicine: “Dieser, an seinen Reactionen sehr leicht 
erkennbare Stoff, findet sich in den ungekeimten Wicksamen in ziemlich 
betrachtlicher Menge vor.*’ Ritthausen concluded that vicine and 
convicine are glucosides and assigned to them the formulas C28H47O19N11.- 
2H2O and C10H16O8N3.H2O, respectively. Both compounds are char¬ 
acterized by their behavior on hydrolysis with sulfuric and hydrochloric 
acids. Vicine is transformed, by heating with 20% sulfuric acid, into 
divicine having the formula C4H7()2N4 (according to Ritthausen),^ while 
convicine, on the other hand, is converted, under practically the same 
conditions, into alloxantine, IX. RitthaUwSen established the identity 

NH — CO HO CO -- NH 

II \l I 

CO C — O — CH CO 

I II II 

NH — C.OH CO — NH 

IX. 

of this substance and the alloxantine formed by oxidation of uric acid and 
states that convicine yields about 36-37% of its weight in this pyrimidine. 
So far as the writer is aware, this is the only pyrimidine except the three 
compounds, uracil, thymine and cytosine, which has been found to occur 
in nature. 

If the formula assigned to convicine by Ritthausen is correct, it is 
apparent by inspection of the equation below that the change involved 
in its transformation into alloxantine, by hydrolysis with acids, is not a 
simple one. The only conclusion that one can draw is that alloxantine 

CioHieOsNa.HaO « C8H6O8N4. 

X. 

is not a primary product of the change but is formed by oxidation of a 
simpler pyrimidine, which is formed as a product of the hydrolysis. If, 
on the other hand, the molecule of convicine is double that assigned to 
it by Ritthausen, m., C20H30O16N6.2H2O, then alloxantine might be 
considered a primary product of decomposition, but two of the nitrogen 
atoms would still be unaccounted for. Ritthausen apparently obtained 
no evidence of the nature of the secondary, nitrogenous hydrolytic prod¬ 
ucts. 

It is a very interesting fact that Ritthausen’s formula for convicine 
corresponds exactly to that for an aminoglucoside of dialuric acid or a 
glucoside of uramil and its constitution may be provisionally represented 
by formulas XI or XII. 

‘ Ber., 29, 2653 (1896). 

* Z: physiol. Chem., 15, 140; 17, 215. 

• J. prakt. Chem., 59, 482. 
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NH —CO 


-o- 


CO CH.O.CH.CH.CH.CH.CH.CHi.H,0 

II I I I I 

NH — CO NHi OH OH OH 

(CioHiftOgNa-HaO) 

XI. 

NH — CO 

I I r—O—n 

CO CH.NH.CH.CH.CH.CH.CH.CHj.HaO 


NH — CO OH OH OH OH 

(Ci,Hu0sN,.H20 
XII. 


The evidence is in favor of formula XI. Theoretically such a com¬ 
bination would be expected to undergo hydrolysis easily with acids giving 
glucosamine and dialuric acid. When one considers the instability of 
dialuric acid and the ease with which this p)rrimidine undergoes 
spontaneous oxidation in the air, forming alloxantine, it is at once apparent 
how the latter compound might be obtained as a final product of the hy¬ 
drolysis of convicine. 

Speculation leads to still more interesting possible relationships, when 
one comes to study Ritthausen’s work on vicine. This appears to be a 
definite compound and Ritthausen’s description of its properties is very 
complete. It dissolved in alkali without decomposition and was pre¬ 
cipitated unaltered from such solutions by neutralization with acids. 
The compound was very stable in the presence of cold alkali, and could 
even be heated with .dilute barium hydroxide solution without evolution 
of ammonia. On the other hand, when heated intensely with strong alkali 
the substance underwent complete decompovsition with evolution of 
ammonia and formation of potassium cyanide. Vicine also dissolved in 
cold acids without decomposition. Ritthausen wrote as follows regard¬ 
ing these properties:^ 

‘'Das Studium dieser Zersetzung, und der dabeisichbildenden Produkte, 
iSsst werthvoile Aufschliise fiber die Constitution des Vicins erhoffen; 
leider war es bisher nicht moglich, mich eingehender mit demselben zu 
befassen." Ritthausen concluded from his early analyses that vicine 
is to be represented by the formula C28H51O21N4, but decided later® that 
the formula CgHieOeNg is ihore probably correct. He writes however, 
as follows: “dass das Molekfil grosser als das aus dieser Formel berech- 
nete ist; eine Molekulargewichtsbestimmimg konnte aber nicht ausgeffihrt 
werden.'* His final conclusions regarding the constitution of vicine are 
all expressed in the following statement from his paper:* “Bei den 

* J. prakt. Chem,, 24, 202. 

* Ibid., 59, 480. 

*Ibid., 59, 481- 
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Studien iiber die Spaltungsprodukte dutch Erhitzen mit Schwefelsaure 
liess sich mit sehr grosser Sicherheit feststellen, dass Zucker in reichlicher 
Menge entstekt.^ Vicin demnach als Glucosid zn betrachten ist.*' 

The most characteristic property of vicine is its unique behavior on 
hydrolysis with 20-30% sulfuric acid. According to Ritthausen it under¬ 
goes hydrolysis, when heated with this reagent, giving about 29-30% 
of its weight in divicine sulfate. This salt was characterized by its in¬ 
solubility in water, and gave, on analysis, Vjalues, from which Ritthausen 
calculated the formula 2(C22H3809N2o).5S03. It is very doubtful, however, 
whether this formula is the correct one. 

Divicine was obtained by careful decomposition of its sulfate with the 
required amount of alkali. It separated in a crystalline condition, but 
according to Ritthausen, it is not a very stable compound, and gradually 
undergoes decomposition on exposure to the air, becoming colored dark 
brown. The base even underwent partial decomposition when crystal¬ 
lized from water. It is a strong reducing agent in aqueous solution and 
gave, on analysis, results agreeing with the calculated values for a com¬ 
pound having the composition C4H7O2N4. Ritthausen did not suggest 
a structural formula for this substance, but believed it to be related to 
allantoin. Attempts to obtain allantoin by oxidation with nitric acid 
were unsuccessful. 

After a critical examination of the analytical values obtained by Ritt¬ 
hausen in his analyses of divicine and its sulfate, and a study of Ritthausen's 
descriptions of the unique, chemical properties of this base, the writer is 
forced to the conclusion, that it is not improbable that divicine may be 
a diaminopyrimidine and that in vicine we may be dealing with a pyrimi¬ 
dine-nucleoside combination. The solubility of divicine in alkali and the 
low percentages of oxygen and hydrogen suggest a cyclic vStructure and 
the presence of —CO—NH— groupings in the molecule. Are we dealing 
here with the precursors of purine nucleosides? 

I find that the analytical data obtained by Ritthausen in his analyses 
of divicine sulfate agree with the calculated values for the sulfate of 
Traube's® 2,6-dioxy-4,5-diaminopyrimidine XIII. In fact, the agreement 
is perfect for every element except carbon where there is a difference of 
4%. Whether there is an error here in Ritthausen’s work must be de¬ 
cided by further investigation. The values found and the calculated 
values for Traube’s salt are tabulated below: 

Values obtained by Calculated for Traube’s salt 

Ritthausen. (C4H<0iN«)tH9S04.1 V>HaO. 


c 

27.3 

C 

23-47 

H 

3-9 

H 

4.16 

N 

27.42 

N 

27.38 

HaSOi 

24.00 

H,S 04 

23.96 

^ Ber,f 29i 3108. 




^ Ibid,, 33, 1382. 
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Still more interesting is the remarkable fact that the formula for 
Traube's 2,6-(iioxy-4,5-diaminopyrimidine XIII, differs frojn that, which 


NH —CO 

I I 

CO C.NHa 

I II 

NH — C.NH2 
XIII. 


NH —C 

I I 

NHjC CHNH, 

II I 

N — CO 
XIV. 


Ritthausen assigned to divicine by only one hydrogen atom, consequently 
the theoretical percentages of the elements are so close that it would be 
extremely difficult to distinguish by analyses alone between the two com¬ 
pounds. These values are tabulated below: 


Ritthausen** divicine. 

2,6* Dioxy *4.5*diatnmo* 
pyrimidine C4HtOtN4. 

C 4 H 70 »K 4 . 

C 

33.5 

. C 33.80 

H 

4.8 

H 4.32 

N 

3916 

N 39.4 


2.5- diamino-4,6-dioxypyTimidine XIV, is also to be considered as a possi¬ 
bility. 

It is a very significant fact, from a chemical standpoint, that the carbon 
and nitrogen ratio in divicine is i : 1, and this important evidence alone 
leads to the conclusion that vicine may be a glucoside of 2,6-dioxy-4,5- 
diaminop3^midine, which may provisionally be represented by formula 
XV. Such a constitution would harmonize with the observation of the 
NH —CO 

I I I-O- 

CO CNH.CH.CH.CH.CH.CH.CH2OH 

I ‘ II I I I 

NH — CNHs OH OH OH 

XV. 

stability towards alkali and the instability when heated with acids. It 
would be expected to undergo hydrolysis easily with acid reagents giving 

2.6- dioxy-4,5-diaminopyrimidine, XIII, and glucose. y 

The compoimd represented by structure XV, has the empirical formula 
C10H18O7N4. Ritthausen assigned to vicine the formula C*8H470i9Nu,2Hf0 
and states that the water of crystallization is lost by heating to 160®. 
If now we take Ritthausen’s formula for his anhydrous substance, which 
is very probably incorrect, and divide by the common factor 2.8, we ob¬ 
tain the expression C10H16.7O8.7N4, surely a remarkable agreement with 
the formula of the nucleoside of 2,6-dioxy-4,5-diaminop)rrimidine 
C10H18O7N4. When one considers the fact, that the p3n-imidine nucleoside, 
XV, by condensation with formic add could undergo transformation into 
a nudeoside or xanthine hexoside, XVI, it will at once be apparent vAxy 
the writer is interested in acquiring a better knowledge of Ritthausen's 
interesting compounds. 
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NH 

I 

CO 

NH 


CO 

CNH.CH.CH.CH^H.CH.CHj 

II II II 

CNHj OH OH OH OH + HCOOH 

NH —CO 


CO CN—CH.CH.CH.CH.CH.CH* 

\cH II II 


NH —CN 


OH OH OH OH + 2H,0 
XVI. 


New investigations are now in progress and we hope to obtain new and 
important data bearing on these interesting problems. 

N«w Havkn, Conn. 
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I. Introduction. 2. Diethyl Aminomalonate and its Derivatives. 3. Experi¬ 
mental Part. 

I. Introduction* 

In the previous paper^ the assumption has been expressed that p)nHimi- 
dines of the barbituric acid series may be the precursors of purines in pl^t 
growth, and we discussed new evidence that dialuric acid and uramil 
may be the representatives of this series, which are involved in these 
changes. It is easily conceivable how both of these pyrimidines, if formed, 
might undergo condensations with urea or formamide* and be transformed 
into purine compounds, consequently it is of especial interest to consider 
how cyclic compounds of this type might be formed in growth from simpler 
substances. 

The question of the relation of hydrocyanic acid to the mechanism of 
the natural synthesis of purines is an interesting problem, concerning 

* Johnson, This Journal, 36, 337 (1914). 

* It is of especial interest to note here that W. L6b (J 5 er., 46, 684) has recently 
reported a synthesis of aminoacetic acid from formamide and water vapor, under the 
influence of the silent electrical discharge. Oxamide was also formed under the same 
conditions. The synthesis was therefore a complete one and the apparent course of 
the reaction was as follows: 

2 HCONH, NH,CO.CONH, NHjCOCOONH, ±2^ NHjCHjCOONH,. 

Though the yield of glycocoll was small, L 5 b considers this the nearest approach yet 
made to the actual conditions of plant synthesis. It is not improbable that formamide 
may play an important part in other natural syntheses (T. B. J.). 
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which practically nothing is known. Throughout the history of this 
chapter of biochemistry can be traced the feeling, however, that this or¬ 
ganic acid, which is known to occur in a free condition in plants, plays ^ 
far more important part in these changes than it is customary to assume 
for it. Adenine, indeed, is a polymeric modification of prussic acid and 
hypoxanthine is formed easily by simple hydrolysis of this aminopurine. 
Gautier^ recognized the biological significance of hydrocyanic acid in 
nature’s processes and in his interesting paper, in which he describes his 
supposed synthesis of xanthine and methyl xanthine from prussic acid,* 
he writes as follows: ‘‘Le m^chanisme des syntheses dout je viens de 
donner I’apercu, me parait tr6s rapproch4, sinon identique, de celui qui 
se passe chez les v^g^taux,” and also in the same article: . “ Je dois ajouter 
en terminant, que ces agr^gations d’edifices organiques complexes peuvent 
se produire m6me k froid, quoique avec plus de lenteur, sous Tinfluence 
des alcalis ou des sels alcalins agissant sur CNH, nouveau rapprochement 
de ces syntheses avec celles qui se font chez les v4g6taux.” Notwith¬ 
standing the fact that Gautier’s attempts to synthesize purines from prussic 
acid were unsuccessful, and that others have been tempted to give too 
much importance to the protein molecule of hydrocyanic acid, more 
reasonable syntheses are not wanting. 

It is a well known fact that hydrocyanic acid is very susceptible to 
polymerization, and of all the transformations which it is known to under¬ 
go, that in which three molecules unite to form aminomalonic nitrile 

3HNC = NH2CH(CN)2. 

• I 

is probably the best understood. Lange® was apparently the first to ob¬ 
serve this imique transformation while trying to make hydrocyanic acid 
add to epichlorhydrin. He observed no evidence of the formation of the 
O 

/\ 

CICH 2 .CH—CH 2 + HCN = CICH 2 .CHOH.CH 2 CN. 

II. 

hydroxynitrile II, but succeeded in isolating a substance having the formula 
CaHsNj. On hydrolysis, this interesting product gave an acid, which 
evolved carbon dioxide, on heating, and was transformed into aminoacetic 
add IV. Its structure, therefore, was established by this observation. 

NH*CH(CN )2 —► NHaCH(COOH)a —^002 + NH 2 CH 2 COOH. 

I. III. IV. 

Horrmann^ and Lespieau* later studied this polymerization reaction of 

^ BuU. soc. ckim., 42, 141 (1884). 

• Loc. ciL 

• Bet., 6 , 99 (1873). 

^Xhid„ 12, 23 (1879). 

• Compt. tend., 127, 965 (1898). 
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Lange's and obtained the desired addition product namely, y-chloro-jS- 
hydroxybutyronitrile II, without observing the formation of any amino- 
malonic nitrile. The observation, of Lange was confirmed in 1874 by 
Wippermann.' This investigator found that this characteristic polymeri¬ 
zation was greatly favored by small quantities of alkaline salts, especially 
the cyanide, hydroxide or carbonate of potassium, sodium and ammo¬ 
nium. He also confirmed the aminomalonic nitrile structure, which was 
already made probable by the results obtained by Lange. Lescoeur 
and Rigaut^ likewise investigated the catalytic effect of potassium cyanide 
on prussic acid, but added little to what was already known. The latest 
work on the polymerization of the acid is that of Bamberger and Rudolf,® 
who were finally able to describe a method for the preparation of the nitrile 
which gave over 50% of the theoretical yield. Here again, however, the 
result was entirely unexpected, being noticed in the course of an unsuc¬ 
cessful attempt to add hydrocyanic acid to dimethylaniline oxide. Whether 
the function of the aniline oxide is a catalytic one is not known. It is 
interesting to note, also, in this connection that a reaction, somewhat 
similar to this characteristic polymerization of hydrocyanic acid, has 
recently been described by Decker and Becker.'* They observed, for 
example, that formylphenylethylamine, V, when heated with phosphorus 
pentachloride, is transformed into phenylethylaminomalondiphenylethyl- 
amide, VI, with evolution of water. 

CONHCILCHsCcHft 

3C<vH 5CH2CH2NHCHO = HiO -f CelLCHjCHzNHCH 

V. I 

CONHCHoCHiCeHj 

VI. 

This most interesting and long known fact that prussic acid is so sus¬ 
ceptible to polymerization, under the influence of specific reagents, sug¬ 
gests that the same transformation of the acid may likewise take place 
under catalytic influence in nature. The aminomalonic nitrile, if formed, 
would then be a combination favorable for further syntheses. Theoretic¬ 
ally it might lead to pyrimidine combinations in two ways, namely, either 
condense with urea in a manner analogous to that of malonic nitrile, 
which was investigated by Traube,® or undergo saponification to tlie corre¬ 
sponding acid and then condense with urea to give uramil. The further 
condensation of a diaminopyrimidine, VII, or uramil, IX, with urea are re¬ 
actions requiring no special justification. The complete synthesis of uric ^ 

1 Ber„ 7, 767. 

* Compt, rend., 69, 310 (1879). 

« Ber., 35, 1082 (1902). 

* Ann., 382, 369 (1911). 

‘ Ibid., 331, 80 (1904); Wheeler and Jamieson, Am, Chem, 32, 342. 
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add, for example, frpm hydrocyanic acid and urea, might themreticatty 
be accomplished according to the stages expressed by the following equa- 
tions: 



CN 

1 





1 

3HCN « NHsCH 
j 





I. CN 





/ 

\ 



COOH 

1 

N = CNHa 

1 1 


NH 

1 

— CO 

1 

1 

NH, — CH 

1 1 

CO CNH2 

or 

1 

CO 

1 

CNH2 

1 

1 II 


1 

II 

COOH 

NH—CNH2 


NH- 

— CNH* 

|n.. 

VIII. 


VII. 

NH —CO 

1 1 

NH —CO 

1 i 




1 1 

CO CHNH* 

1 1 

—► CO C.NH\ 




1 1 

II >CO 



NH —CO 

NH — C.NH^ 




IX. 

X. 





We have now prepared aminomalonic nitrile I, according to Bamberger 
and Rudolf’s directions and find that it condenses with thiourea, in the 
presence of sodium ethylate, forming a pyrimidine. The triaminopyrimi- 
dine, however, was not obtained as expected, but Traube’s^ 2-thio-6- 
oxy-4,5-diaminop)rrimidine, XIII. The yield was small, owing to much 
decomposition. That this diaminopyrimidine is formed is probably 
due to the fact that the intermediate product of the condensation XI, 
undergoes hydrolysis, giving the acid XII, which then condenses normally, 
forming the diaminopyrimidine. 

These changes may be represented as follows: 


CN 

1 

NH, 

1 

CN 

1 

NH, 

1 

COOH 

1 

NH — 

1 

CO 

1 

1 

NH,CH —► 

1 

CS 

1 

C.NH, —► 

1 

CS 

CNH, 

1 

—► CS 

1 

CNH, 

1 

1 

II 

1 

II 

1 

II 

CN 

NH — 

CNH, 

NH — 

CNH, 

NH — 

CNH, 


XI. XII. XIII. 


That pyrimidines of this typt can easily be converted into purines has 
been established by the work of Traube® and Johns.* 

Dr. Shephard* of this laboratory has shown that uramils and thiouramils 

» Ann,, 33X, 75- 
•Lac. cU. 

• Johns and Hogan, J, Biol, Chem,, 14, 299. 

• This Journai,, 3$, 994* 
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can be obtained easily by condensing esters of substituted aminomalonic 
acid with urea and thiourea. We now find that the substitution of the 
basic amino group into diethylmalonate does not prevent the condensation 
of this ester with ureas. The amino ester combined with thiourea giving 
2-thiouramil, which has already been prepared from thiourea and diethyl 
phthalimidomalonate.^ Descriptions of these condensations, which are 
of biochemical interest, and of some new derivatives of aminomalonic 
acid are given in the following chapters of this paper: 

2. Diethyl Aminomalonate and Its Derivatives. 

Aminomalonic acid was first described by Baeyer,* in 1864, who obtained 
it by reducing nitrosomalonic acid with sodium amalgam. He analyzed 
a number of its salts and found that heat converted the free acid smoothly 
into glycocoll. The same acid was later made by Piloty and Finckh^ by 
hydrolysis of uramil with barium hydroxide, a reaction which von Baeyer 
had tried in vain. Ruhemann and Orton^ prepared the acid by alkaline 
hydrolysis of the amide, as did also Piloty and Neresheimer,® in 1906. Lutz* 
in the same year, prepared the acid by action of ammonia on monohalogen 
derivatives of malonic acid. 

The free diethylaminomalonate is unknown. Piloty and Neresheimer^ 
prepared the hydrochlorides of both the methyl and ethyl esters. They 
reduced nitrosomalonic esters, dissolved in ether, with aluminium amalgam, 
and precipitated the hydrochloride of the amino esters by passing dry 
hydrochloric acid gas into the ether solution. Ureidomalonic acid, for 

NH2CO NIT CH(C 00 H )2 

example, has never been synthesized directly. 

For our investigation, we prepared the diethyl aminomalonate accord¬ 
ing to Piloty and Neresheimer's^ directions with slight modifications. 
They recommend the reduction of the nitrosoester in ether solution with 
aluminium amalgam. The reaction is controlled by the addition of water 
at a rate just sufficient to keep the amalgam reacting smoothly. The 
yield obtained is about 51%, but, as they justly remark, the product clings 
tenaciously to the aluminum hydroxide, which must be extracted repeatedly 
with ether. This difficulty was found to be so real, and the repeated Ex¬ 
traction of the bulky precipitate (Al(OH)8) with ether so tedious without 
the use of proper apparatus, that a new method of reduction was sought. 

‘ Johnson and Shepard, This Journal, 35, 994. 

2 Ann,, 131, 291* 

333, 71. 

* J, Chem. Soc, {London), 67, 1002. 

* Bet., 39 i 514* 

* IHd., 35, 2549. 

^ Loc. cU. 
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The reduction was finally accomplished by the use of hydrogen sulfide 
in alkaline solution. The application of this reducing agent to aliphatic 
compounds has apparently been very limited, and confined practically 
to the reduction of violuric acid derivatives.^ In these cases, hot am¬ 
monium sulfide could be used. In the present instance, any excess of 
ammonia would lead to the formation of the acid amide, and the applica¬ 
tion of heat would produce hydrolysis. Nitrosomalonic ester* was there¬ 
fore dissolved in water with exactly a molecular proportion of potas¬ 
sium hydroxide, to form the soluble potassium salt. Hydrogen sulfide/ 
was then conducted into the cold solution for several hours, and the ester 
of the aminoacid extracted with ether. It was then isolated in the form 
of its hydrochloride by saturating the ether with hydrochloric acid gas. 
An almost pure hydrochloride was obtained in this manner and the yield 
was 45% of the theoretical. To compensate for the slightly smaller 
yield than that given by Piloty and Neresheimer,® this method is simpler 
and more convenient, and requires much less attention. 

It was found that unless alkali was present, hydrogen sulfide caused 
no appreciable reduction. An alcoholic solution of ethyl nitrosomalonate 
gave only a trace of sulfur after saturating with hydrogen sulfide for several 
hours. This is in accordance with Baeyer's^ observation that this gas 
has no action on the neutral water or alcoholic solution of dilituric acid, 
XIV. On the other hand Traube® has reported the remarkable case of 
the reduction of 2-iminovioluric, XV, with hydrogen sulfide in hydrochloric 
acid solution. 


NH —CO 

I i 

CO CHNOj* 


NH — CO 

I I 

HN = C C : NOH 


NH —CO 
XIV. 


NH —CO 
XV. 


While nitrosomalonic ester was reduced under the conditions described, 
diethyl nitromalonate under the same conditions was practically unaffected. 
This result is the more surprising in coimection with the behavior of 
aromatic nitro and nitroso compounds toward ammonium sulfide. An 
interesting observation is that of Sachs and Kempf,® for instance, who 
have reported that when 2,4-dinitrobenzaldoxime, XVI, is reduced with 
an excess of warm ammonium sulfide, the products formed are first 2- 
mtm-4-aminobenzaldoxime, XVII, and finally, 2,4-diaminoben2aldoxime, 

* Traube, Ann., 331, 64. 

^ Bouveault and Wahl, Compt. rend., 137, 196 (1903). 

*L9mcit. 

* Ann,, 127, *23. 

* Ber., 26, 2351. 

* Ibid,, 35, 1224. 
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XVIII. This oxime could not be further reduced by this method. The 
order of stability, therefore, was just the reverse of that found in the ali¬ 
phatic series. 


CH : NOH 



NO2 

XVI. 


CH : NOH 

NH, 

XVII. 


CH : NOH 



NH2 

XVIII. 


As previously stated, diethylaminomalonate was found to show the 
normal condensation reaction of malonic esters. It condensed with 
thiourea, in the presence of sodium ethylate, giving a good yield of 2- 
thiouramil, XLXV. The isomeric 6-thiouraniil, XXVII, has been prepared 
by Fischer and Ach^ and also by Weidel and Niemilovicz.^ When di¬ 
gested with potassium cyanate solution in the usual way, the thiouramil 

NH — CO 

I 

cs 

I 

NH — CH, 

XIX. 

COiCaH, 

C,H50,CNHCH 


\ 

COaCiH, 

CeHfiCONHCSNHCH 


COiCfH, V A CO 2 C 2 H, 

XX. \ I XXI. 


COiCjH, 

1 


COjCaHj 

1 


HON « C 

—► 

1 

NH,CH —NH2C0NHCH(C02C2H,), 

1 


1 

XXII. 

COaCtH, 


COjC,H, 


XX 1 IVr 


1 


v 

NH -- CO 
i 1 


NH —CO 

1 1 

NH —CO 

i 1 

i 1 

CS C : NOH 

t i 

1 1 

CS CHNH, 

I 1 

I 1 

—► CS CHNHCONHj 

1 { 

1 1 

NH—-CO 


i 1 

NH —CO 

1 1 

NH —CO 

XXIII. 


XXV. 

y' XXVI. 

NH 

1 

— CS 

1 

NH — 
1 

CO 

1 

1 

CO 

1 

CHNH, 

1 

1 CS 

1 

C —NHv 

i 

1 

1 

II >co ^ 

NH 

— CO 

NH — 

C —NH'^ 


XXVII. XXVIII. 

^ Ann,, 388, 157. 

* MomUs.f. Chem., 16 , 721 . 
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was converted into ^-thiopseudouric add, XXVI, whidi completes the 
list of possible monothiopseudonric adds. Attempts to dose this acid to 
2-thiouric acid, XXVIII, either by boiling with hydrochloric acid or by 
fusion with oxalic acid, were unsuccessful. Fischer and Ach* indeed, 
found the same difficulty with 6-thiopseudouric acid. Johns and Hogan,* 
of this laboratory, have prepared this acid by heating 2-thio-6-oxy'-4,5- 
diaminopyrimidine with urea. Diethyl nitrosomalonate, XXIV, con¬ 
densed with thiourea giving 2-thiovioluric acid, XXIII. 

Since free diethylmalonate is a liquid and its hydrochloride mdts with 
decomposition, it was therefore desirable to obtain characteristic de¬ 
rivatives with definite melting points and small solubilities, that might 
serve for the isolation and certain identification of small quantities of the 
ester. The urethane, XX, and the benzoylthiourea ester, XXI, therefore, 
were prepared and found to serve this purpose well. Either of these com¬ 
pounds can be made and purified from a gram or less of the diethyl amino- 
malonate. The acylthiourea derivatives on heating with hydrochloric 
acid are converted into 2-thiohydantoin, XIX. 

Diethylureidomalonate, XXII, was easily obtained by the action of 
cyanic acid on diethyl aminomalonate. An attempt, however, to condense 
this with urea to form pseudouric acid was unsuccessful. These various 
changes are represented by the preceding formulas. 

3. Experimental Part. 

Diethyl Aminomalonate from Diethyl Nitrosomalonate by Reduction 
with Hydrogen Sulfide. —The diethyl nitrosomalonate was prepared ac¬ 
cording to the method of Bouveault and Wahl.^ The crude ester was 
used for reduction and contained, by analysis, 80% of the pure nitroso 
compound. The method of reduction was as follows: Ten grams of 
the nitrosomalonate were dissolved in 30 cc. of water containing 3.0 
grams of potassium hydroxide, the solution cooled in an ice bath, and then 
saturated with hydrogen sulfide gas. Sulfur soon began to separate 
and after 10 to 12 hours the solution was filtered and extracted repeatedly 
with ether. This ether extract, after drying with magnesium sulfate, 
was evaporated, leaving an oil containing diethyl aminomalonate, together 
with any unaltered diethyl malonate and nitroso ester and some sulfur. 
This crude oil was finally dissolved in anhydrous ether, filtered from sulfur, 
and the solution saturated at a low temperature with dry hydrochloric 
acid gas. The colorless, crystalline hydrochloride of the amino ester 
separated at once, practically pure. The yield was 4.7 grams, correspond- 
ing to 0 J% of the theoretical. In working up quantities of the nitroso- 
malonic ester larger than 20 grams, the yield was considerably smaller, 

^ Loc, cU. 

* Compt. rend., 237, 196. 
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probably, on account of the difficulty of getting sufficient hydrogen sul¬ 
fide absorbed before a part of the ester undergoes hydrolysis. 

An attempt to prepare the ethyl ester of aminomalonic acid by reduction 
of diethyl nitromalonate with hydrogen sulfide was unsuccessful. Ten 
and five-tenths grams of the ammonium salt of the nitro ester, melting 
with decomposition at 156°, were dissolved in four parts of water, and 
hydrogen sulfide passed into the solution for 16 hours. As no sulfur 
had separated during this treatment, a molecular proportion of potassium 
hydroxide was added, and the gas again conducted into the solution for 
16 hours. There was no precipitation of sulfur. On acidifying the solu¬ 
tion o.i gram of sulfur separated. No diethyl aminomalonate hydro¬ 
chloride could be obtained from the ether extract, but on passing in 
ammonia gas, 6.0 grams of the ammonium salt of unaltered diethyl 
nitromalonate separated. 

Diethyl Carhethoxyaminomalonate, C2H600C.NHCH(C00C2H6)2.—^To 
a solution of 3.0 grams of the hydrochloride of diethyl aminomalonate 
and 5.0 grams of sodium bicarbonate in 25 cc. of water, were added 2.0 
grams of ethyl chloroformate in 5 cc. of benzene. The mixture was then 
shaken as long as carbon dioxide was evolved, and after standing at ordi¬ 
nary temperature for several hours (10) was extracted with ether. The 
residue obtainedi after evaporation of the ether crystallized from dilute 
alcohol in long, colorkvss needles melting sharply at 63°. The urethane 
is very soluble in alcohol and ether and slightly soluble in water. 

Calculated for CioHi70<jN: N, 5.67. Found: N, 5.51. 

Diethyl Benzoylthioureidomalonate, C6H5CONH.CSNIICH(COOC2H5)2. 
—^The ester from 2.0 grams of the hydrochloride of diethyl aminomalonate 
was liberated by adding 0.9 gram of sodium bicarbonate to a solution 
•of the salt in 5 cc. of water. A slight excess of ethyl benzoyldithiocarb- 
amate was then added in 20 cc. of alcohol. The solution was then wanned 
for an hour on the steam bath, and allowed to stand over night. The 
alcohol was then evaporated, when the ureido derivative was obtained 
as a semi-solid substance. This was dried on a porous plate. The yield 
was 2.9 grams, corresponding to 90% of the theoretical. This compound 
ds readily soluble in warm alcohol and separates, on cooling, in rectangular 
plates, which melt at 123®. It is moderately soluble in ether and diffi- 
-cultly soluble in water. The ester is converted smoothly into 2-thiohy- 
«dantoin when digested with hydrochloric acid. 

Calculated for CwHiaOjNjS: N, 8.29. Found: N, 8.21. 

NH —CO 

I I 

2-Thiouramil, ^ CHNH,. —^To a solution of i.o gram of sodium 

NH —CO 

and 1.5 grams of thiourea in 40 cc. of absolute alcohol were added 3.0 
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grams of the hydrochloride of diethyl aminomalonate, and the mixture 
boiled for three hours. The dark red sodium salt which separated was. 
filtered off, dissolved in a little water and decomposed by addition of an 
excess of acetic acid. The pyrimidine separated as a yellow powder 
and weighed i.6 grams, corresponding to 70% of the theoretical yield.. 
It did not melt or decompose below 300°. The compound is very difficultly 
soluble in the common solvents and was purified by dissolving in alkali,, 
decolorizing by digestion with bone coal, and then precipitating with acid 
from the hot solution. It was very difficult to remove the inorganic salts 
carried down with the precipitate. 

Calculated for C4H50aNaS: N, 26.40. Found: N, 25.9, 

NH — CO 

I I 

2-Thtomoluric Acid, C : NOH. —Five grams of crude diethyl 

NH —CO 

nitrosomalonate were condensed with thiourea in absolute alcohol con- 
taining 3 molecular proportions of sodium ethylate. After heating for 
three hours, the gelatinous, dark red sodium salt, which was formed, 
was filtered off, dissolved in water and the solution acidified, when 0.7 
gram of a red powder deposited. This proved to be admixture of the 
violuric acid with another product, probably thiobarbituric acid formed 
from a little malonic ester present in the original nitroso ester. The 
two were separated by warming with an aqueous solution of sodium bi¬ 
carbonate; the violuric acid, being a much stronger acid than thiobarbi¬ 
turic, went into solution. On acidifying, the pure 2-thiovioluric acid 
separated as a yellow powder. It did not melt below 300°. The com¬ 
pound is difficultly soluble in all common neutral solvents. Boiled with 
water, it gives the latter a yellow color, but without dissolving appreciably. 
The pyrimidine dissolves in alkali, giving a yellow color. 

• Calculated for C4HBO8N8S: N, 24.36. Pound: N, 24.66. 

NH — CO 

I I 

2-Thiopseudouric Acid, CS CHNHCONHj.VaHgO. —This pyrimidine is 

NH —CO 

formed by warming 2-thiouramil in aqueous solution with potassium 
cyanate. On acidifying with hydrochloric acid (acetic acid gave no pre¬ 
cipitate) the pyrimidine separated as a crystalline powder. The compound 
is very difficultly soluble in water and alcohol, but readily soluble in alka¬ 
line solutions. The pyrimidine deposits practically colorless, but when 
heated it loses its water of crystallization and becomes deep purple. When 
heated in a capillary tube it begins, below 200^, to assume a purple color; 
tiais becomes very intense until at about 270® it begins to disappear. The 
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color then becomes faintly yellow and remains so until decomposition 
sets in above 300®. The anhydrous pyrimidine dissolved in alkali giving a 
deep green solution, which became red when the solution was acidified 
with acetic acid. The addition of hydrochloric acid discharges the color 
and produces a precipitate of the pyrimidine. 

Calculated for C6He08N4S. V2H2O: N, 26.48; H2O, 4.26. 

Found: N, 26.34; H2O, 4.9 

Diethyl Ureidomalonate, NH2CONH.CH(COOC2H5)2.—This compound 
is formed at once when potassium cyanate reacts in a concentrated aqueous 
solution with the hydrochloride of diethyl aminoacetate. The reaction 
is complete in 3-4 minutes and the yield of ester is 75% of the theoretical. 
The urea is difficultly soluble in hot alcohol, from which it crystallizes^ 
on cooling, in octahedra. It melts at 173°. 

Calculated for C8H14O6N2: N, 12.83, found: N, 12.70. 

An attempt to obtain pseudouric acid by condensation of this ester with 
urea, in the presence of sodium ethylate, was unsuccessful. This is ap¬ 
parently due to the fact that the sodium salt of diethyl ureidomalonate is 
extremely difficultly vsoluble in alcohol. 

NH — CO 

i I 

2 -Thio - 6 • oxy - - diaminopyrimidinet CvS C.NH2. —This pyrimidine 

NH — CNH2 

was obtained by digesting an alcoholic solution of aminomalonic nitrile 
with thiourea and the required proportion of sodium ethylate. The 
alcoholic solution was boiled for 5 hours on the steam bath, and the pyrimi¬ 
dine isolated in the usual manner. It was purified by decolorization of 
its alkaline solution with bone coal and then precipitating from the alkaline 
solution with acetic acid. It had no definite decomposition point and after 
drying to constant weight at 100® a nitrogen determination (Kjeldahl) 
gave the following result: The yield was small. 

Calculated for CiH^ONiS: N, 35.40; found: N. 35.60. 

New Haven, Conn. 

[Contributions prom thr Shbppibi«d Chbmicai. Laboratory of Yalb Univbrsity. ) 

RESEARCHES ON HYDANTOINS. XXVH, SYNTHESIS OF HY- 
DANTOIN-4-CARBOXAMIDE. 

By Treat B. Johnson and Ben H. Nxcolet. 

Received November 24, 1913. 

The mechanism of the reaction, by which alloxans are formed by the 
oxidation of uric acids, has been correctly interpreted by Biltz. This 
investigator has shown, in his recent work on the oxidation of purines, 
that these transformations (oxidation reactions) involve two independent 
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reacticBis, namely, a formation of uric acid glycols, by addition of hydroxyl 
groups at the double bond between the 4 and 5 positions of the purine 
ring, and finally a dissociation of the glycol into alloxan and urea.^ The 
complete oxidation of luric acid, I, to alloxan, III, and urea may there¬ 
fore, be expressed by the following equation : 


NH — CO NH — CO NH — CO 



OH 


I. II. III. 

Biltz has also confirmed the earlier observations of Fischer and finds 
that the stability of the glycols, II, is greatly increased by the introduction 
of alkyl radicals into the imide groups of the uric acids. Furthermore, 
he has also made the interesting observation that the same glycols can 
also be synthesized easily by addition of ureas to alloxans. For example, 
the dimethyluric acid glycol, V, is formed smoothly by condensation of 
alloxan with dimethylurea in aqueous and acetic acid solutions. In 
other words, the transformation of a uric acid glycol into an alloxan and 
urea is a reversible reaction. Biltz designates this characteristic change 
as an Alloxan-Abban” of uric acids. 

I -I I 1/^ ^ I I CH,NH. 

CO CNCH, —► CO C—NCH, CO CO 4- ^O 

I II >CO I 1 >CO I I CHiNH^ 


NH — CNCH. 

* NH — CN CH. 

1 

NH —CO 


1 

OH 


IV. 

V. 

III. 


ThCvSe glycols can also dissociate in an entirely different manner than 
that represented above. They can undergo what Biltz calls a ‘‘Caffolid- 
Abban.” He contributes the interesting observation that the pyrimidine 
ring is also easily ruptured, under certain conditions, with formation of 
characteristic hydantoin derivatives. For example, the glycol from tetra- 
methyluric acid, VII, when allowed to stand in aqueous or acetic acid 
solutions, in transformed smoothly into the 5-hydroxyhydantoylurea, 
VIII. This compound is, however, unstable in the presence of alkali 
and undergoes hydrolysis easily, giving a salt of a hydroxyacid, which 
^:ondenses to the caffolid derivative, IX, when warmed with hydrochloric 
acid. This characteristic derivative on more intense hydrolysis is trans¬ 
formed into the corresponding acid amide, X, which finally can be con- 

^ Biltz, Ber., 43, 1589, 1600; Biltz and Krebs, Ibid,, 43, 15x1, x6x8; 44, 282; Biltz 
and Topp, Ibid., 44, 1511, 1524; Topp, Inaug, Diss., Kiel (191 1). 
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verted by reduction with hydriodic acid into the hydantoin derivative, XI. 
These various changes involved in Biltz's “ Caff olid-Abbau of tetramethyl- 
uric acid, VI, may be represented as follows: 

CH,N — CO CH,N — CO CHsN-CO 

II I II 

CO CNCH, —► CO C—NCHa —► CO HOC—NCH, —> 

I II >CO I I >CO I I >co 

CHsN —CNCHa CH.N — CN CH, CHaNH CO.NCH3 


OH 

VI. VII. VIII. 

CHiN-CO CH3NH — CO CHtNH — CO 

I i I I 

CO.O.C. NCHs — ^ HOCN CH3 —> CHNCH, 

1 > CO 1 > CO I > CO 

CO.NCH3 CO NCH, CO.NCH, 

IX. X. XI. 

He also applied the same reactions^ successfully with 1,3,7-trimethyl- 
uric acid, XII, and obtained methylhydantoylmethylamide, XIV. This 
hydantoin is identical with hydrocaffuric acid, which Fischer^ obtained 
by reduction of caffuric acid with hydriodic acid. 

CH,N — CO CHiN — CO CH3NH — CO 

II I l/°” I 

CO CNCH, —^ CO C—NCHa —► CHNCH, 

I II >CO I I >co I >CO 

CH,N — CNH CH,N — CNH CONH 


OH 

XII. XIII. XIV. 

Fischer has already shown that this hydantoin undergoes hydrolysis, 
by heating with barium hydroxide solution, forming methylamine and 
the barium salt of the corresponding hydantoincarboxylic acid, XV. 
On decomposing the barium salt with acids carbon dioxide was evolved 
and methylhydantoin, XVI, was obtained. Fischer* writes as follows 
regarding the stability of this hydantoin acid: “Die freie Saurc ist 
nur in kalter wasseriger Losung bestSndig; beim Erwtonen zerfallt sie 
in Kohlens&ure und Methylhydantoin,*’ 

HN — CO HN — CO 

I 

CO, + CO 

CHJN — CHCOOH CHJsr — CH, 

XV. XVI. 

‘ Ann., 3IS, aSa. 

' Loc. cit. 
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The two methylated hydantoins, XI and XIV, are representatives of 
a new type of hydantoins and are of especial interest on accotint of their 
possible relationship to oxonic acid,^ C4H6O4N8, an oxidation product 
of uric acid, whose constitution has not been definitely established. Piloty 
assigned to this compound the structure represented by formula XVII, 
but in the light of Biltz’s work the isomeric structure XVIII, now appears 
more probable. These two hydantoins, XI and XIV, are derivatives of 
the hitherto unknown acid amide of hydantoin 4-carboxylic acid, XX, 
whose synthesis we now describe in this paper. 


NH — CO 


NH — CO 


CO 



NH — C—COOH 
XVII 


CO 



NH — C~CONH, 
XVIII. 


CH3N — CO 

I 

CO 

I 

CH,N — CHCONHCH, 
XI 


NH — CO 
CO 

I 

CHeN-CHCONHCH, 

XIV. 


NH —CO 

I 

CO 

I 

NH — CHCOOH 
XIX 


NH —CO 

I 

CO 

I 

NH — CHCONHi 
XX. 


The starting point for our research was aminomalonamide, XXI. 
This acid amide, like the corresponding acid, has been made by a number 
of investigators. Conrad and Guthzeit^ obtained it, along with imino- 
dimalonamide, XXII, by the action of alcoholic ammonia on diethyl 


NH,CH(C 0 NH 2 ), 

XXI. 



CH(C 0 NH,), 

CH(C 0 NH 2 ), 

XXII. 


chloromalonate. Whitely^ obtained it in the form of its hydriodide by 
the reduction of nitrosomalonamide with hydriodic acid. Piloty and 
Neresheimer^ prepared it by the action of ammonia on the hydrochloride 
of diethylaminomalonate. 

The amide, which we used in our work, was prepared by the reduction 
of nitromalonamide with aluminum amalgam according to the directions 

> Ann., 333,91. 

* Ber., IS, 603. 

* /. Chem. Soc., 77, 1040. 

^ Ber., 39, 514. 
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of Ruhemann and Orton. ^ We also employed zinc and formic acid as the 
reducing agent but obtained formylmalonamide, which has previously been 
described by Conrad and Schulze.^ The same formyl compound is also 
formed by heating aminomalonamide with 85% formic acid. When 
warmed with barium hydroxide solution aminomalonamide is converted 
into barium aminomalonate. 

We now find that Schotten and Baumann’s reaction can be applied 
successfully with aminomalonamide and ethyl chloroformate, when the 
urethane represented by formula XXIII is formed in good yield. This 
interesting compound when treated with an equivalent amount of alkali,, 
either in aqueous or alcoholic solution, undergoes a cyclic condensation, 
with loss of alcohol, forming hydantoin-4-carboxamide, or according to 
Biltz’s nomenclature “hydantoylamide,” XX. This compound is the 
prototype of the class of hydantoin compounds obtained by Biltz and the 
first of them to be obtained by direct synthesis. It was hoped that this 
compound might serve as a basis for the synthesis of caffuric acid and 
caff olid, but the yield of the amide was too small to make this feasible. 
Hydantoin-4-carboxamide, XX, is easily hydrolyzed, in the presence of 
alkali, and transformed into hydantoin. 

We also investigated the behavior of this amide towards urea. Theo¬ 
retically it might be expected that a substance of this constitution would 
condense, when heated with an excess of urea, forming uric acid, XXIV. 
Attempts, however, to effect such a change were unsuccessful. The 
negative result is of theoretical interest, however, because it shows that 
the hydantoin-4-carboxamide, XX, is not an intermediate stage of the 
reaction wdien uric acid is formed by heating glycocoll with urea. 


CONHa 

1 

CONHa 

1 


NH — C 

:o 

1 1 

NHaCH — ► CaHftOOCNHCH 

1 1 


CO 

1 


1 

CONHa 

1 

CONHa 


1 

NH — C 

rncoNHa 


XXIII. 


XX. 

NHa HaN — 

1 

CO 

1 


NH — CO 

1 1 

CO -f 

1 

CH ~ NH\ — ► 

NHa + 

1 1 

CO CNH\ 

1 

1 Vo 


1 11 

>co 

NHa 

CO — NH'^ 


NH — CNH^ 




XXIV. 


NHa COOH 

1 1 

NHo 

1 

t 



1 1 

CO + CHaNHa + 

1 

I 

CO 

1 

J 



1 

NHa 

1 

NHa 



/. Chem, Soc.f 67, 

1002. 





2 Ber., 4a, 729, 735 - 
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Attempts to dimimte water from the formyl derivative of aminptaalon- 
amide, XXV, with formation of the glyoxaline compound 5-keti^4>5* 
dihydrc^lyoxaline-4-carboxamide, XXVI, were likewise unsuccessful. 
The amide was heated to 150® with an excess of formic acid, and the sodium 
salt was also heated for a long time at 180°, but in both cases ofter the 
treatment of the reaction products with hydrochloric acid, the only 
definite oystalUne product identified was ammonium chloride. 


NH, —CO 

I 

OHC NH — CHCONHa 
XXV. 


N-CO 

II 

H2O + CH 

I 

NH — CHCONHi 
XXVI. 


Aminomalonamide reacted smoothly with cyanic acid giving ureido- 
malonamide. On warming with barium hydroxide solution this was 
converted into the characteristic barium salt of ureidomalonic acid, 
which was obtained by Piloty and Pinckh^ by hydrolysis of pseudouric 
acid with barium hydroxide. The amide also condensed normally with 
ethyl acetyldithiocarbamate,^ XXVII, and ethyl benzoylthioncarbamate,® 
XXVIII, forming acetylthioureidomalonamide, XXIX, and benzoylpseudo- 
ethylureidomalonamide, XXX, respectively. The amide, XXIX, when 
digested with hydrochloric acid was converted smoothly into 2-thio- 
hydantoin, XXXI. 


CHgCONHCSSQrH# 

XXjVII. 

CHjCONH . CONH2 

I 

cs 

I 

NH — CH.CONH2 
XXIX. 


C^HfiCONHCSOCaH* 

XXjVIII. 

CeHftCON CONH, 

II 

CaHftOC 

I 

NH — CH.CONH, 
XXX 


NH —CO 

! 

cs 

I 

NH — CH» 
XXXI. 


Experimental Part. 

Nitromalonamide, N02CH(C0NH2)2.—^This amide was prepared ac¬ 
cording to the method of Ruhemann and Orton.® Their directions, how¬ 
ever, are not very explicit, and consequently the following details are 
1 Ann., 333, 71. 

* Wheeler, Nicolet and Johnson, Am. Chem. J., 46, 456. 

• Loc. cii. 



REBl^ARCHBS ON HYDANTOINS« XXVII. 


361 


given. The malonamide was easily obtained in yields of 95% or more 
according to the directions of Freund.^ The amide, finely powdered^ 
was added in small portions, with constant agitation, to seven times its 
weight of fuming nitric acid (sp. gr. i.5-1.55) kept cool in a freezing mix¬ 
ture. Not more than six grams of the amide should be used in any one 
preparation, and it was our experience that the addition of this amount 
to the nitric acid should not occupy more than five minutes. After 
all the malonamide had been added, the acid solution was quickly poured 
upon crushed ice, and the nitromalonamide separated quickly by filtration 
and washed with cold water. Long standing in the acid solution de¬ 
creased the yield, which under the conditions described varied between 
50 and 60%. The pure amide melted with decomposition at tempera¬ 
tures which were easily varied between 168'^ and 182® according to the 
rate of heating. Ruhemann and Orton^ give 172° as the melting point. 

Aminomalonamide, NH2CH(CONH2)2.—Our procedure for the reduc¬ 
tion of nitromalonamide was as follows: Twenty grams of aluminum 
turnings were amalgamated and washed free of alkali and mercuric chlo¬ 
ride, and covered with 300 cc. of water. Twenty-five grams of nitro¬ 
malonamide in 75 cc. of 10% aqueous ammonia were then added quickly 
and the mixture vigorously shaken and cooled to control the reaction, 
which at first is rather violent. After standing over night to complete 
the reaction, the solution was filtered, and the aluminium hydroxide 
triturated with ibo cc. of boiling water and again filtered. The combined 
filtrates w^ere evaporated to dryness as quickly as possible, when the amino- 
malonamide, sufficiently pure for subsequent use, was obtained. The 
yield was 15 grams, corresponding to 75% of the calculated. Amino- 
malonamide easily undergoes hydrolysis, when warmed with barium hy¬ 
droxide .solution, giving the barium salt of aminomalonic acid. The 
salt is slightly soluble in cold water and crystallizes from hot water in prisms 
which do not loose weight when heated at 130°. 

Calculated for C*H804NBa: N, 5.51. Found' N, 5 47. 

Formylaminomalonamide, OCH.NH.CH(CONH2)2.~ This derivative, 
which was obtained by Conrad and Schulze® by reduction of nitromalon¬ 
amide with zinc dust and formic acid, is also easily prepared by heating 
aminomalonamide at 100® with three times its weight of 85% formic 
acid. It crystallizes from dilute alcohol in slender, colorless prisms. 
When heated rapidly in a capillary tube it darkens at 195 200° and melts 
with effervescence at about 214°. 

Calculated for CiHyOsNs: N, 28.97. Found: N, 28.56. 

Attempts to transform this formyl compound, by dehydration, into a 
glyoxaline compound were unsuccessful. In our first experiment, 3.0 
1 Bet., 17, 133 - 
* Loc, cit. 
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NH, —CO N-rCO 

II 

—► H ,0 + CH 

NH — CHCONH2 NH — CHCONHa 

grams of aminomalonamide were heated to 150® in a sealed tube, for two 
hours with six times its weight of 85% formic acid. There was consider¬ 
able pressure when the tube was opened, and on evaporating the solution 
a viscous oil was obtain<ed. . The only crystalline product identified, how- 
•ever, was ammonium chloride, which was obtained by triturating the oil 
with hydrochloric acid. In a second experiment 2.0 grams of the formyl 
-compound were transformed into its sodium salt, and this then heated 
for one hour in an oil bath at 180®. An examination of the residue did 
not reveal the presence of any glyoxaline compound. Treatment with 
hydrochloric acid yielded i.o gram of ammonium chloride. There wa.^ 
no evidence in either case that the desired reaction had taken place. 

Carbethoxyamiiixmalonamide, C2HbOOC.NH.CH(C()NH 2)2-—^This com¬ 
pound is easily obtained by application of Scliotten and Baumann's 
reaction with aminomalonamide and ethylchloroformate. The methane 
is readily soluble in hot alcohol, moderately in cold, and crystallizes in 
characteristic rosettes of colorless leaflets, which melt at 178®. The com¬ 
pound is practically insoluble in water. The yield was 74% of the calcu¬ 
lated value. 

Calculated for C6H11O4N3: N, 22.2. Found' N, 21 96. 

NH — CO 

I 

Hydantoin- 4 <arboxamid€, CO . —This new hydantoin is 

NH — CH.CONHa 

formed by the inner condensation of cai^bethoxyaminomalonamide. The 
amide was suspended in 20% alcohol containing exactly one molecular pro¬ 
portion of potassium hydroxide. On stirring at ordinary temperature it 
finally completely dissolved. After standing a few minutes the solution 
was then warmed to 40® for a few seconds only, filtered from a slight 
residue, cooled, and then acidified with hydrochloric acid. The hydantoin 
separated, on cooling, in hexagonal prisms or thin plates, which melted 
with effervescence at 249®. The hydantoin is very soluble in water, 
difficultly soluble in alcohol. It was purified for analysis by crystalliza¬ 
tion from dilute alcohol. The yield of the hydantoincarboxamide was 
small. The amide group is very easily hydrolyzed in the presence of alkali, 
and a portion of the amide is transformed into hydantoin. Hydantoin 
was identified in the filtrates after removal of the carboxamide. The 
same acid amide is also formed, though in even smaller quantity, by the 
action of sodium ethylate on the urethane in absolute alcohol. 

Calculated for CiHsOaNs: N, 29.38. Found; N, 29.41. 




itBSSARCH^S ON HVDANTOINS. XXVII. 


3^3 


One ipram of this hydantoin-4-carboxamide and 3.0 grams of urea were 
ground together in a mortar, and the mixture heated for about 60-70 
minutes in an oil bath at 150°. Ammonia was evolved and the hydantoin 
was apparently completely decomposed by this treatment. No evidence 
was obtained of the formation of uric acid. 

NH2NH2 — CO NH — CO 

II II 

CX) + CH — NH = NH, + HjO + CO C.NHx 

I I >co I- ii yco 

NHa CO — NH NH C.NH'^ 

Ureidomalonamide, NH2CONH.CH(CONH2)2.—Three grams of amino- 
malonamide were dissolved in a solution of 3 cc. of concentrated hydro¬ 
chloric acid in 12 cc. of water. A saturated aqueous solution of 3.0 grams 
of potassium cyanate were then added. On allowing the solution to stand 
for several hours and finally diluting with an equal volume of alcohol, 
there separated 2.65 grams of ureidomalonamide, or 65% of the theoretical 
yield. This compound is difficultly soluble in alcohol and moderately 
soluble in cold water. It crystallizes from dilute alcohol* in prismatic 
crystals (needles) wffiich darken above 200° and decompose at 200-225° 
with effervescence according to the rate of heating. The amide was not 
easily freed from potassium chloride, and consequently the determinations 
of nitrogen were somewhat lower than the theoretical value. The differ¬ 
ence in the molecular weights corresponding to the percentages of nitrogen 
calculated and found is, however, only 5, so that there can be no doubt 
as to the identity of the compound. 

Calculated for C4H8O8N4. N, 35.00. Found. N, 34.00, 34.03. 

Barium Salt of Ureidomalonic Acidy NH2C0NHCH(C00)2Ba.2H20.— 
This salt was formed when the above ureidomalonamide was heated with 
barium hydroxide. One gram of the amide was warmed for one hour 
at 100° with 2.0 grams of barium hydroxide in 75 cc. of water. Ammonia 
was evolved and a colorless, crystalline precipitate of the barium salt was 
formed. This was separated by filtratibn, washed wdth hot water and 
dried for analysis at 100°. The salt is evidently identical with that 
prepared by Piloty and Finckh^ from ureidomalonic acid, wffiich was ob¬ 
tained by the hydrolysis of pseudouric acid. The salt contained two mole¬ 
cules of water, which were determined by heating at 130°. 

Calculated for C4H406N2Ba.2H20: H2O, 10.78. Found: H2O, 10.83. 

Calculated for C4H408N2Ba.2H20: N, 8.40; Ba, 41.26. 

Found: N, 8.35; Ba, 41.28. 

Acetylthioureidomalonamidey CH8CONHCSNH.CH(CONH2)2. — Two 
grams of aminomalonamide were added to a solution of 2.8 grams of 
ethyl acetyldithiocarbamate, CH8CONH.CSSC2H5 in 30 cc. of alcohol, 
^ Loc. cit. 



3 ^ 


TREAT B. JOilKaOK ARTHBE J. WXHL* 

and the mixture wanned gently on the steam bath for 24. homrs. Onr 
cooling, the thiourea separated. The yield was 2.3 grams. The eompotuod 
is difficultly soluble in both water and alcohol and crystallizes in fine^ 
colorless, hair-like needles. They turned dark when heated above 220®^* 
finally melting at about 254® with strong effervescence. 

Calculated for CcHioOsN4S: N, 25.64. Found; N, 25.83, 25.14. 

Five-tenths of a gram of the above compound was digested for a few 
hours with an excess of 20% hydrochloric acid. The acid was then evapo¬ 
rated and the residue crystallized from water. Brown prisms separated 
which melted at 228® witJi decomposition. This contained sulfur and was- 
identified as 2-thiohydantoin. The hydrolysis of the thioureidomalon- 
amide may therefore be expressed by the following equation: 

CH,CONH CONH, NH — CO 

I I 

CS 4 - 2 H ,0 - CS + CH,COOH + sNH, + CO^ 

I I 

NH — CHCONH, NH — CH, 

CeHeCONH CONHj 

I 

Benzoylpseudoethylureid(mialommi^ C*HsOC .—One andf 

N -- CH.CONH^ 

five-tenths grams of aminomalonamide were warmed for 15 minutes, at 
100®, with an equivalent amount of ethyl benzoylthionearbamate, 
C6H6CONH.CSOC2H6 in 20 cc. of alcohol. Hydrogen sulfide was evolved,. 
and the pseudourea separated. The compound is difficultly soluble in 
hot alcohol, from which it separates on cooling in colorless hair-like needles. 
The compound darkens when heated above 200® and melts at 230-240® 
with strong effervescence. The compound is very difficultly soluble in 
water. The yield was 3.0 grams, or 82% of the theoretical. 

Calculated for C11H16O4N4' N, 19.15. Found; N, 19.4, 19.3. 

NSW Havsn, Conn 

_ k _ 

ICONTRIBUTIONS FROM THB ShBFFIEU) ChBMICAB LABORATORY OF YaLB UNIVBRSITY. ] 

RESEARCHES ON PYRIMroiNES. LXVII. THE CONDENSATION 
OF THIOUREA WITH ETHYL ALLYLACETOACETATE. 

By Treat B. Johnson and Arthur J. Hill. 

Received December 20, 1913. 

The behavior of thiourea, urea and guanidine towards diethyl allyl- 
malonate (I), diethyl diallylmalonate (II), and diethyl allylbenzylmalonate 
(III), has been investigated by Johnson and Hill.^ With thiourea, no 
one of the three malonic esters condensed normally, in alcohol solution 
1 Am . Chem . 45, 356; 4^1 537* 
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CHt: CHCH»CH(COOC,H,), 

I. 

CH*: CHCHas 


(CHa: CHCH2)aC(COOC,H5)a 
II. 

>C(C00C2H6)2 


and in the presence of sodium ethylate, giving a thiobarbituric acid com¬ 
pound. The diallylester (II), and the benzylallyl ester (III), condensed, 
in the presence of sodium ethylate, forming sodium salts of malonuric 
acids (VI and VII, respectively). When the latter were decomposed by 
acids, the free malonuric acids immediately underwent isomerization and 
were transformed smoothly into their corresponding lactones (VIII and 
IX, respectively). Diethyl allylmalonate, on the other hand, reacted 
with thiourea in an unique manner giving an excellent yield of an interest¬ 
ing cyclic compound, namely, /x-amino-a-keto-^-carbethoxy-d-methyl- 
tetrahydrohexathiazole (V). The latter is a representative of a new 
dass of cyclic compoimds of which the mother substance would be hexa- 
thiazole (IV), 


CH = CH 

1 1 


CHa — CHCH. 

1 1 

1 1 

CH S 

|i 1 

1 1 

CtHiOOC.CH S 

1 1 

1 1 

CH CH 


1 1 

CO CNH 2 

\ / 


\ / 

N 


N 

IV. 


V. 

NH —CO 

NH — 

CO 

1 1 /CH,C,H. 

1 

1 /CH,CH:CH, 

CS CC' 

CS 


1 1 ^CHjCH : CH, 

1 

i Vh,CH:CH, 

NH, COONa 

NH 2 

COONa 

'"1 



NH —CO 

NH — 

T 

CO 

1 1 /CH,Cai, 

1 

1 /CHaCH'.CHj 

CS C< 

CS 

c<( 

1 1 XHiCHCH, 

1 

1 ^CHaCHCHs 

NH, 1 1 

NH 2 

1 1 


CO-O CO-O 

VIII. IX. 

While thiourea condensed abnormally in every case, on the other hand, 
turea condensed normally with all three of the malonic esters, forming 
barbituric acid compounds. Guanidine also interacted normally with 
•diethyl allylmalonate (I), and diethyl diallylmalonate (II), forming the 
'Corresponding pyrimidines. Diethyl allylbenzylmalonate (III), on the 
other hahd, interacted with guanidine giving an inner cyclic salt of a 
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mdonuric acid (X). The latter, when treated with add«|*was transfoniied 
into the hydrochloride of benzylallylmalonylguanidine (XI), with forma¬ 
tion of water. There was no tendency, apparently, for the malonuric 
acid, in this case, to undergo isomerization into the lactone (XII). 


NH 

HN:C 


- CO 

NH «.0 — CO 
X. 


NH —CO 

< H,C*H5 

HiCH:CHrfc 

NH —CO 
XI. 


NH —CO 
1 1 yCHjCeHs 

HN : C C<C 

I I \( 


NHj 


CO 

XII. 


CHsCHCH, 

I 

O 


The unique results obtained by interaction of the three allylmalonic 
esters, I, II, and III, with thiourea were an incentive to examine the 
behavior of other allyl esters towards this reagent in the presence of 
sodium ethylate. It was of especial interest to determine, whether the 
presence of this unsaturated group in jS-ketone esters would alter, in any 
way, the normal behavior of such esters when allowed to interact with 
thiourea. Ethyl allylacetoacetate is an ester of this type and wc, there¬ 
fore, selected it for this investigation. 

We now find that this jS-ketone ester reacts smoothly when heated with 
thiourea, in the presence of sodium ethylate, forming 2>thio-4-iinethyl- 
5-allyl-6-oxypyTimidine’ (XVI). The yield was excellent and we did 
not obtain evidence of any secondary and abnormal reactions. The sodium 
salt of this pyrimidine interacted smoothly with methyliodide, forming 
the corresponding mercaptopyrimidine represented by formula XVII. 
Both the thio- and mercaptopyrimidines (XVI and XVII, respectively) 
are converted smoothly into the corresponding oxygen derivative (XVIII),. 
by digestion with chloroacetic acid. This action of chloroacetic acid on 
mercaptopyrimidines, leading to the formation of oxypyrimidines, ia 
a new reaction and apparently one of general application in the pyrimi¬ 
dine series. z-Ethylmercapto-fi-oxypyximidine^ (XX), for example, is 
converted almost quantitatively, by interaction with this reagent, into* 
uracil (XXI). 

2-Methylmercapto-4-methyl-5-allyl-6-oxyp3n’imidine (XVII) can also* 
be desulfurized by digestion with hydrochloric acid. The oxypyrimidine 
(XVIII), however, is not the product of the reaction, but the corresponding 
saturated chloropyrimidine (XIX), which results by addition of the halo^ 
1 Wheeler and Merriam, Am. Chem. ag, 478. * 
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gen acid at the double bond of the allyl group. The same chloropyrimi- 
dine (XIX) is also formed by addition of hydrochloric acid to 2-oxy- 
4-methyl~5“allyl-6-oxypyrimidine. When 2-thio-4-methyl-5-allyl-6-oxy- 
pyrimidine was digested with hydrochloric acid the sulfur was not removed, 
but tlie acid added at the double bond in the allyl group, forming the 
2-thiochloropyrimidine represented by formula XIV. These various 
transformations are represented by the following structural formulas: 


NH — CO 

I I 

CO CCH 2 CH(vSH)CHa 

\ 


NH - CCH, 
XTII 


NH 

I 

CvS 


CO 


HCl 


CCIh CHCl CHa 


NH - CCIU 
XIV I 


HCl 


NaOCtHfc 

-► 


NH- C 

I I 

C.S.CH.CHa.C 

L. 11 


-CCH, 

XV. 


NH - CO 


CHU 


CvS CCHzCH : CH, 

I li 

cicHiCoon 


NH — CCH3 
XVT 


NH —CO 

I I 

CHaSC CCHaCH : Clh 

II II 

N - - CCHa 
XVII. 


“! 


NH - CO 


ClCHsCOOH 

-^ 


CO CCHaCH . CHa 

! 1! 

NH — CCHa 
i XVIIl, 


HCl 


NH 


CO 


HCl 


CO 

I 

NH — CCH, 
XIX. 


CCHa CHCl CH3 


NH 

CaHftSC 

II 

N~ 


XX. 


CO 

I 

CH 

II 

*CH 


Nil — CO 


CO CH 


NH —CH 
XXI 


Especially interesting was the behavior of the thiochloropyrimidine (XIV) 
when dissolved in alcohol in the presence of sodium ethylate. We were 
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able, in this manner, to bridge across from the 2-position t6 the 5-position 
of the pyrimidine ring and obtained in excellent )rield the cyclopyrimi¬ 
dine represented by formula XV. This interesting compound is the first 
representative of a new class of pyrimidines and it is our intention to con¬ 
tinue their investigation. The cyclop5nimidine reacts in an unique man¬ 
ner when warmed with concentrated hydrochloric acid. They do not 
interact normally, as might be expected, with formation of an oxypyrimi- 
dine containing the mercapto radical in the propyl group as represented 
in formula XIII, but the bridge dissociates, with cleavage between sulfur 
and carbon, giving almost quantitatively 2-thio-4-methyl-5-chloropropyl“ 
6-oxypyrimidine (XIV). This is our first observation, in our pyrimidine 
researches, that a 2-mercaptopyrimidine can be converted directly in its 
corresponding 2-thio-derivative, by action of hydrochloric acid, at such 
a low temperature. Wheeler and Liddle^ were able to convert 2-ethyl- 
mercapto-6-oxypyTimidine-4-acetic acid (XXII), into 2-thio-4-metliyl- 
uracil (XXIII), by the action of hydrochloric acid, but in order to effect 
the transformation it was necessary to melt the pyrimidine in a stream of 
dry hydrochloric acid gas, when ethyl chloride and carbon dioxide were 
evolved. 

NH — CO NH — CO 


CjHjSC CH + HCl 

II II 


CvS CH + C 2 lhC\ -f CO2 

I II 


N — CCHjCOOH 
XXII. 


NH — CCHs 
XXIIl. 


Experimental Part. 

NH — CO 


2-Thio-4-mcthyUj)-allyU6-oxypyriniidinc, CvS C.CIhCH . CH2 and 

NH — CCH, 

seven-tenths grams of sodium were dissolved in 125 cc. of absolute alcohol, 
and 25 grams of ethyl allylacetoacetate and 13 grams of thiourea were 
*then added. The mixture was heated on the steam bath for ten hours. 
The reaction was very smooth and the sodium salt of the pyrimidine 
began to separate within a few minutes' heating. When the reaction 
was complete, the alcohol was evaporated on the steam bath and the 
residue dissolved in a small volume of water and the solution acidified 
with cold, dilute sulfuric acid. Hydrogen sulfide was evolved and th^ 
pyrimidine separated as a granular powder. It was soluble in water 
and alcohol and insoluble in benzene. It was purified for analysis by crys¬ 
tallization from 95% alcohol and separated in flat prisms or rosettes 
which melted at 187® to an oil without effervescence The compound 
^ This Journal, 30 , 1136 ( 1908 ). 
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responded to a test for sulfur and was not desulfurized by digestion with 
mercury oxide in alcoholic solution. The yield of pure pyrimidine was 
15.4 grams. 

Calc, for C8H10ON2S: N, 15 38%; found, 154a i5-25» i5-3o%. Calc, for 
CeHioON2S: S, 17*58%; found, S, 17 8%. 

2-Methylmercapto-4-mcthyl-5-allyl-6-oxypynmidtfief 
NH — CO 

I I 

CHjvSC C CU2CII • CH2. Five grams of the preceding 2-thiopyrimidine 
N - ~ CCH* 

were dissolved in absolute alcohol containing a molecular proportion of 
sodium ethylate, and 4.5 grams of methyliodide were then added. The 
solution was heated on the steam bath until neutral in reaction towards 
turmeric. The alcohol was then evaporated and the pyrimidine washed 
with water and finally purified by crystallization from alcohol or ben¬ 
zene. It deposited from both solvents in colorless, flat prisms which 
melted at 189-191® to an oil without effervescence. The pyrimidine is 
insoluble in water. 

Calc, for CtlliaONaS* N, 1428%; found, N, 14.30, 14.15, 14.10%. 

Action of (ICJhCOOH on 2-Methylntercapto-4-mcthyUs-allyl‘6-oxypyrimt- 

dine. 

NH — CO 

I i 

2,6-1 hoxy-4-methyl-yallylpyrimidinc, CCH2CH : CH2.—One gram of 

NH - CCH* 

the mercaptopyrimidine was digested with 5 grams of chloroacetic acid 
in aqueous solution for 2 hours. The pyrimidine dissolved immediately 
and methylmercaptan was given off. After the reaction was complete, 
the solution was cooled, when the above oxypyrimidine separated in a 
crystalline condition. It was purified by cr>^stallization from alcohol 
and melted at 218® without effervescence. It gave no test for sulfur. 

Calc, for CsHioOaNa. N, 16.86%; found, N, 16.65%. 

'riiis same pjTimidine was also obtained by desulfurization of 2-thio- 
4“niethyl-5-allyl-6-oxypyrimidine. Five grams of the 2-thio compound 
and 2 molecular proportions of chloroacetic acid (2.8 grams) were dis¬ 
solved in water and the solution boiled for one hour. The Ihiopyrimidine 
dissolved quickly, upon warming, and after three-quarters of an hour the 
desulfurization was nearly complete, and the oxypyrimidine began to 
separate from the hot solution. If more than two molecular proportions 
of the halogen acid were used for desulfurization, the reaction was not 
as smooth and secondary products were formed, due apparently to further 
decomposition of the allylpyrimidine. The pyrimidine crystallized from 
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alcohol in characteristic, barrel-shaped prisms which melted at 218® 
without effervescence. The pyrimidine did not give tests for sulfur and 
chlorine. 

Calc for CsHioOjNa: N. 16.86%; found, N, 16.8%. 

Action of Hydrochloric Acid on 2t6-Dioxy-4-methyl-5-allylpyrimidinc, 

NH —CO 

i i_ 

2,6-Dioxy-‘4-methyl-s-(0’Chloropropyl)pyrimidinet Co CCHaCHClCHs. ~ 

NH —C—CH, 

Five grams of the allyl pyrimidine were added to 40 cc. of concentrated 
hydrochloric acid. It dissolved immediately on warming After heating 
a short time on the steam bath, the addition of hydrochloric acid at the 
double bond was apparently complete and the chlorine derivative began 
to separate from the acid solution. The excess of acid was then removed 
by evaporation at 100® and the pyrimidine purified by crystallization 
from water or alcohol. It separated from both solvents in characteristic 
rosettes of minute prisms. They gave a strong test for chlorine and melted 
at 233® with decomposition. The pyrimidine is soluble in cold potasvsium 
hydroxide solution and is precipitated unaltered by addition of acids. 
It is insoluble in benzene. 

Calc, for C8H11O2N2CI. N, 13 86%; Cl, 17.32% ; found, N, 13 8,13 87S?, Cl, 17 01 % 

This same pyrimidine was also formed by digestion of 2-methylmercapto- 
4-methyl-5-allyl-6-oxypyrimidine with hydrochloric acid. Six grams of 
the mercapto pyrimidine were dissolved in 40 cc. of concentrated hydro¬ 
chloric acid and the solution boiled for one hour, when the evolution of 
methylmercaptan ceased. The excess of acid was then evaporated and the 
pyrimidine purified by crystallization from alcohol. It melted at 233® 
with effervescence. A mixture of this substance and that from the pre¬ 
vious experiment melted at the same temperature. 

Action of Hydrochloric Acid on 2 -Thio- 4 -methyl-S-allyl- 6 -oxypyrimi 4 ine. 

NH -CO 

I 

2-Thio-4-methyl-6-oxy-^-{fi-chloropropyl)pyrimidzne, C.CH2CHCl.CHa. 

NH —CCHs 

—^This pyrimidine was prepared by dissolving 5 grams of the thiopyrimi- 
dine in 40 cc. of concentrated hydrochloric acid and evaporating to dry¬ 
ness. After repeating the operation twice, the product was recrystallized 
from 95% alcohol, when it separated, on cooling, in characteristic ovated 
prisms which melted at 2i8*~220® with effervescence. The pyrimidine is 
soluble in alcohol, and difficultly soluble in water and benzene. It dis¬ 
solved in cold sodium hydroxide solution and was reprecipitated unchanged 
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Upon acidifying with hydrochloric acid. The compound gave tests for 
sulfur and chlorine. 

Calc, for C«HiiONaSCl: N, 12.84%; Cl, 16.0%; found, N, 12 75, 12 70, 12 80%; 
Cl. 15 74 %^ 

The Action of Sodium Ethylate on 2-Thio-4-methyl-5-{fi-chloropropyl)-6- 

oxy pyrimidine. 

NH - — CO 

L I 

2,^-Cyclopropvlmetcapto-4-methyl-6-oxypyrimidiney C.S.CH.CH2C 

il CH, II 

N-CCH, 

Three grams of the 2~tliio-5-chloropropylpyriniidine were dissolved in 
absolute alcohol containing in solution a molecular proportion of sodium 
(0.31 gram). Upon heating on the steam bath there was an immediate 
reaction with separation of sodium chloride. After digestion until the 
reaction was complete (5 hours) the sodium chloride w'as separated and 
the alcohol sedution cooled, when the above pyrimidine separated in a 
crystalline condition. Jt was purified by crystallization from water or 
alcohol and separated in characteristic sheaves of needles which melted at 
225 227° to an oil. When mixed with the original 2-thiopyrimidine the 
melting point was lowered to 160*^. The cyclopyrimidine is insoluble 
in cold benzene. It contained sulfur but was absolutely free from chlorine, 
'file yield was exc'elleiit. 

Calc, for Cini«ON2S- N. 15 38^'r; 17 *• found. N, 15 29, 15 io‘ ^, S, 17 69^; 

Hydrolysis of the iyclopyrimidine until Hydrochloric Add. 

One gram of the c}'clopyrimidine was suspended in 40 cc. of concen¬ 
trated hydrochloric acid. On gentle heating the pyrimidine dissolved 
completely. In a short time a cry.stalline substance began to deposit 
from the hot acid vsolution and there w^as no evidence of loss of volatile 
material. After evaporating to dr^mess, to remove the excess of hydro¬ 
chloric acid, tlie substance was purified by recrystallization from 95% 
alcohol. It separated in tlie form of ovated prisms, wdiich melted at 218- 


NH-CO 

NH-CO 

j 

1 1 ’ 1' 

C.S.CH.CHa.C 

1 

HO 1 1 1 

C.S.CH.CH2.C 

1 1 

1 

CHj 

1 1 

H CHs 


N-- C.CH, N - CCH3 

NH — CO NH —* CO 

II II 

HSC C.CHj.CHCl.CH, CO CCHa.CH(SH)CH, 

II il I ii 


N 


CCH, 


NH — CCH, 
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220® with effervescence. It gave strong tests for sulfur and chlorine 
and was identified as 2 -thio- 4 -methyl- 5 -(/ 3 “Chloropropyl)“ 6 -oxypyrimi- 
dine. A mixture of the hydrolytic product and this 2-thiopyrimidine 
fnelted at exactly the same temperature. The mechanism of the reaction 
may be represented by the preceding formulas. We obtained no evidence 
of the formation of 2,6-dioxy-4-methyl-5-(i8-mercaptopropyl)pyrimidine. 

The Conversion of 2-EthyUnercapto-6‘-oxypyrimidine into Uracil by Di- 
gestion ivith Chloroacetic Acid, 


NH- 

1 

-CO 


NH — 

CO 

1 

C2US C 

1 

CII 

ClCHtCOOH 

-^ 

1 

CO 

1 

CH 

II 

11 


1 

il 

N — 

-CH 


NH — 

CH 


Five grams of the 2 -mercaptopyrimidine (m. 15 2 ®) and two molecular propor¬ 
tions of chloroacetic acid (5 grams) were dissolved in water and the mixture 
boiled for one hour. Ethylmercaptan was evolved. After concentration 
and cooling of the solution 3.0 grams of pure uracil separated while a 
theoretical yield would have been 3.6 grams. The uracil was absolutely 
free from sulfur and crystallized in characteristic corpuscular crystals 
which showed no signs of melting below 300®. 

Nitw Havbn. Conn. 

[Contributions krom the Sheffield Chemical Laboratory of Yale University ) 

RESEARCHES ON AMINES. IV.‘ THE ALKYLATION AND HY¬ 
DROLYSIS OF ALIPHATIC SULFONAMIDES. A 
NEW SYNTHESIS OF SARCOSINE.= 

By Treat B. Johnson and Joseph A Ambler 
Received December 20, 1913. 

Contents: i. Hinsberg*s Method of Alkylation and its Practical Application. 
2, The Application of Hinsberg's Reaction with Aliphatic Sulfonamides. 3. Experi¬ 
mental Work. 

I. Hinsberg’s Method of Alkylation and its Practical Application. 

That sulfonamides possess acidic properties was apparently first ob¬ 
served by Gerhardt and his co-worker Chiozza* The announcement of 
this characteristic property was made in their paper entitled, “Unter- 
suchungen fiber die Amide," which was published in 1853,® These 
investigators showed that acid amides are formed by the interaction of 
amines and acid chlorides. They not only applied this reaction success¬ 
fully with chlorides of carboxylic acids, but also effected an analogous 

^ Johnson and Guest, Am, Chem. J., 42, 340; 43, 310; This Journal, 32, 761 

2 The Chairman's address. Organic Chemistry Section, 48th meeting A. C. S., 
Rochester, September 8-12, 1913, comprised the historical and theoretical parts of this 
paper. 

« Ann., 87, 299 
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change with benzene sulfone chloride. They prepared in this manner, 
by the action of ammonia, benzeiiesulfone amide, CfiH6S()2NH2, and 
made tlie important observation that this substance is a strong acid dis¬ 
solving immediately in alkaline solutions and forming stable salts witli 
the alkali metals and silver. The solubility in alkali of secondary 
sulfonamides was later observed by Romburgh^ and Behrend.^ It is 
now a well known fact that the solubility of such compounds in alkali 
is due to the presence in their molecules of the acidic grouping —SO2.N H- , 
In fact, it is a characteristic property which distinguishes this type of acid 
amides from the amide derivatives of carboxylic acids. It is of especial 
interest, however, to note here that acid amides containing the grouping 
vSOo.NIl have been described, which are insoluble in alkali.I 

iKillowing (lerhardt’s investigations numerous sulfonamides of all types 
were synthesized and investigated but apparently, not until about 38 
years after the publication of Gerhardt*s and Chiozza’s paper was the 
real significance of this property of dissolving in alkali recognized from 
a synthetical standpoint. In 1891, Hinsberg** utilized these compounds 
for synthetical purposes and published his method of synthesizing vSecondary 
amines from primary amines. This is based, as is well known, on two 
facts, namely, that the alkali salts of sulfonamides easily interact wdth 
alkylluilides, in alcoholic solution, giving nitrogen substituted compounds, 
and secondly, that the latter, when subjected to hydrolysis with acids, 
are cleaved with formation of amines and a sulfonic acid. His method 
of alkylation involves no difficult manipulation; the yields of amines are 
generally very good, and consequently it has met with a wide application. 

In the practical application of Hinsberg’s method for the synthesis of 
primary and secondary amines the final operation is to subject the alkylated 
sulfonamide to hydrolysis with acids in order to cleave the amine from the 
sulfonyl group. No serious difficulty is generally encountered in effect¬ 
ing this change. It is accomplished generally by heating the amide with 
concentrated hydrochloric acid under pressure, when the amine is ob¬ 
tained in the form of its hydrochloride, mixed with the sulfonic acid. In 
order to obtain the free base, the general custom is to make the solution 
strongly alkaline and then separate the amine by steam distillation or 
extraction with ether. 

The necessity of hydrolyzing the sulfonamides under pressure, however, 
is disadvantageous for several important reasons. Several attempts have 
been made by different investigators to hydrolyze wnth other reagents. 

‘ Rec, trav, chim., 3, 7 (1884). 

* Ann,, 222, 116 (1884). 

* Solonina, J. Russ. Phys. Chem. Soc , 29, 410; Ibid , 31, 640; Cheni. Centr., 2, 848 

(1897); 2, 867 (1899). 

* Ann., 265, 178; Hinsberg and Steupler, Ibid,, 287, 220. 
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Some have been impractical while others perhaps have possessed some 
advantages over Hinsberg’s original method. Marckwald and Huelshoff^ 
introduced chlorosulfonic acid (I) as the hydrolytic agent. This chloride 
reacts with the sulfonamide, on heating, with regeneration of the original 
sulfonchloride and formation of amidosulfonic acids (II). The free amines 
are then obtained by digestion of their sulfonic acids with strong alkali 
when they undergo hydrolysis and the amine is obtained in a pure condi¬ 
tion by distillation with steam. The changes involved may be repre¬ 
sented by the following equations: 

C6H6SO2NRR' + HO.SO2CI = C6H5SO2CI -f HOSO2.NRR' 

I. 

HOSOa.NRR' + 2NaOH = Na2S()4 + II2O + HNRR' 

II. 

This modification of Hinsberg’s method has never received, however, a 
wide application. 

All attempts to hydrolyze the sulfonamides, by heating with alkali, 
have been unsuccessfid. Ullman^ employed for hydrolysis a mixture of 
concentrated sulfuric acid and glacial acetic acid. With these reagents 
he found that a cleavage of the sulfonyl group could easily be accomplished, 
in those cases investigated by him, by heating the amides with the mix¬ 
ture of acids at 120®. Schroeter and Eisleb® later used raw, concentrated 
sulfuric acid at ordinary temperature, but they found that this acid could 
not be employed when working with certain aromatic compounds because 
of the susceptibility of such substances to sulfonation. Their method 
of hydrolysis, therefore, proved to be of no practical utility, unless sulf- 
anilic acid derivatives were desired as products of the reaction. 

The most recent modification of Hinsberg's method of alkylation is 
that recommended by Witt and Uermenyi.* These investigators used 
strong sulfuric acid as the hydrolytic agent, but employed a different sul¬ 
fonic acid than that used by Hinsberg. Observing that toluene sulfonic 
acid is insoluble in strong sulfuric acid at ordinary temperature, they heat 
the corresponding sulfonamide derivatives with 80% sulfuric acid at 
130-150®; when a cleavage of the amide is easily effected. On cooling, 
the sulfuric acid solution, the toluene sulfonic acid then crystallizes out 
and can be separated by filtration. The free amine is then obtained by 
distillation with steam from an alkaline solution. Their modification is, 
therefore, no improvement whatever over Hinsberg’s original method, 
and involves the same number of operations. On the other hand, there is 
a very serious objection to using it in the case of aromatic compounds 
^ Ber., 31, 3261. 

* Ann., 327, 104. 

3 Ibid., 367, loi. 

^ Md., 46, 296. 
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because of the tendency of the sulfonamides to undergo molecular re¬ 
arrangements when heated with sulfuric acid. They are transformed 
under these conditions into sulfones (III). The extent of these rearrange¬ 
ments varies with the different aromatic amines used. 

CH8C«H4S02.NR NHR 

NsOsCeH.CJI, 

y 

CIIj CH, 

tn 

In all the modifications, therefore, which have been recommended as 
improvements over Hinsberg’s original method, resort is ahva>s finally 
made to steam distillation. In fact, it is the only practical method 
available for separating the amines from the sulfonic acid solution without 
introduction of other operations and conset|uentl\ with great loss of the 
base. There is no apparent advantage in using sulfuric acid as the hydro¬ 
lytic agent instead of hydrochloric. While steam distillation can generally 
be applied successfully for the separation of the amines after hydrolysis, 
on the other hand, there are cases where such an operation would be use¬ 
less. In the application of Hinsberg’s method for the alkylation of amino 
acids, for example, amphoteric compounds are obtained on Indrolysis 
which are not volatile with steam. In such cases, the only ])ractical method 
of separation at present feasible, when benzene sulfone dcri\ati\es are 
used, is precipitation of the amino acids with an alkaloidal reagent. 
This, however, introduces another operation and furthermore the precipi¬ 
tations are generally not quantitative. 

vSehotten and Sclilomaim^ encountered the difliculty of separating an 
amino acid from benzene sulfonic acid when working witli the correspond¬ 
ing sulfone derivative of amino valerianic acid, C6H5S02NII(CH2)iC()()H. 
After hydrolysis with hydrochloric acid, they obtained a stable sulfonic 
acid salt of the amino acid, CoH5S().3H.NIl2(CH2)4CC)OH, which they 
finally succeeded in decomposing by heating with concentrated hydro¬ 
chloric acid at 250® in the presence of barium chloride. The sulfonic acid 
was completely destroyed by this treatment with formation of barium 
sulfate and benzene. After removal of the excess of barium the amino 
acid was finally obtained in the form of its hydrochloride by evaporating 
the solution. This procedure, however, is not of general application 
because of the danger of decomposing the amino acids by heating with 
strong acids at such a high temperature. 

Johnson and McCollum^ encountered the same difficulty when an 
attempt was made to obtain sarcovsine from the benzene sulfone deriva* 

^ Ber>, 24, 3687. 

* Am, Chem, 35, 54. 
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tive of this amino acid, C 6 H 6 S 02 N(CHs)CH 2 C 00 H. When this com¬ 
pound was hydrolyzed a stable, crystalline sulfonic acid salt was obtained, 
C«H 6 S 08 H.CH 8 NHCH 2 C 00 H. In such cases as these, Witt and Uer- 
menyi's^ modification is apparently applicable and has recently been 
used successfully by Fischer and Bergmann® in the preparation of sar- 
cosine. They have successfully applied Hinsberg’s method of alkylation 
with sulfone derivatives of a-amino acids and find, for example, that the 
^toluene sulfone derivative of glycocoll, CHsC6H4S02.NH.CH2C0()Il, 
can easily be converted into the corresponding sarcosine derivative, 
CH 3 C 6 H 4 S 02 N(CH 8 )CH 2 C 00 H. When this compound was hydrolyzed 
with hydrochloric acid the insoluble toluene sulfonic acid was easily sepa¬ 
rated by filtration and the hydrochloride of sarcosine obtained in good 
yield by concentration of the acid solution. On the other hand, when the 
benzene sulfone derivatives were subjected to hydrolysis they were obliged 
to precipitate the amino acids with phosphotungstic acid in order to sepa¬ 
rate them from the benzene sulfonic acid. They applied Hinsberg’s 
reaction with the benzene sulfone derivatives of ornithine (IV), and J- 
aminovalerianic acid (VI), and synthesized the correbponding methyl 
derivatives represented by formulas V and VII. 

C«HbS02NHCH2CH2CH2CH(NHS02C8Hb)C00H 

I- 

CH,NH.CH*CH,CH!iCH(NHCH,)COOH 

V. 

C,H6S02NHCH,CH2CH!!CH,C00H 

CH 8 NH.CH 2 CH 2 CH 2 CH 2 COOH 

VII. 

It is apparent from what has already been presented that the practical 
utility of Hinsberg’s reaction, for amino acid syntheses, would be greatly 
increased if some method was developed for separating easily the amino 
acid from the sulfonic acid. If toluene sulfone derivatives are used for 
experimental purposes this can be accomplished, as is illustrated by Fisch¬ 
er’s and Bergmann’s synthesis of sarcosine. Toluene sulfone chloride, 
however, is not always accessible in quantity. The simplest method would 
be to use a sulfonic acid, which would be easily decomposed by heating 
with hydrochloric acid. Schotten and Schlomann^ attempted to meet 
this condition by heating the benzene sulphone derivative with hydro¬ 
chloric acid in the presence of barium chloride. Such an energetic treat¬ 
ment, however, is not always permissible. An ideal condition would be 
^ Loc, cit. 

* Ann., 3981 96. * 
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that where the hydrolysis could be effected at a temperature below 150° 
and the complete destruction of the sulfonic acid be accomplished at the 
same temperature. Furthermore, if the sulfonic acid underwent decom¬ 
position giving products, which were volatile with steam, then the hydro¬ 
chloric acid solution could simply be evaporated to dryness and the hy¬ 
drochloride of the amine would be the only product left behind. The 
free base or amino acid could then be separated easily if necessary. Hydro¬ 
chloric acid could be used as the hydrolytic agent and the whole synthesis 
of an alkylated amine or amino acid could be accomplished in two opera¬ 
tions, namely, alkylation and hydrolysis. In the following chapter we shall 
describe a modification of Hinsberg’s method of alkylation, which meets 
all these conditions. 

2. The Application of Hinsberg’s Reaction with Aliphatic Sulfonamides. 

The aromatic sulfonic acids, which contain the sulfonic rest in the ben¬ 
zene nucleus, are characterized by their great stability in the presence 
of hydrochloric acid. They can be decomposed by this reagent, how¬ 
ever, if heated at a high temperature, and break down, giving sulfuric acid 
and a hydrocarbon, as expressed by the following equation: 

C6H5.SO2OH + H2O = CeHc -f H2SO4 
On the other hand, the isomeric sulfonic acids, in which the acid radical 
is substituted in the aliphatic side chain, are far less stable. These com¬ 
pounds are very unstable at high temperatures and their derivatives, so 
far as examined, are easily decomposed under conditions where the corre¬ 
sponding aromatic compounds exhibit great stability. For example, 
Pechmann^ observed that benzylsulfoiiyl chloride (VIII) dissociates, on 
heating, giving sulfur dioxide and benzyl chloride. In fact, the trans¬ 
formation is practically quantitative. Mohr* observed that nitro- 

CcHsCHaSOsCl = SO2 + CeHeCHaCl. 

VIII. 

benzylsulfonyl chloride, NO2C6H4CH2SO2CI, and /^-brombenzylsulfonjd- 
chloride, Br.C6H4CH2S02Cl, also dissociate in a perfectly analogous 
manner, forming nitrobenzyl- and bromobenzyl chlorides, respectively, 
with evolution of sulfur dioxide. Mohr states, in his paper, that the acid 
chlorides of all benzylsulfonic acids examined, decompose in this manner, 
and consequently it is difficult, on this account, to obtain them in a pure 
condition. 

The amides of a limited number of benzylsulfonic acids only have been 
prepared and, so far as the writers are aware, their behavior on hydrolysis 
has not been investigated. Pechmann* synthesized benzylsulfonyl- 
amide, CeH5CH2S02NH2, by the action of ammonia on the acid chloride 

‘ Ber., 6, 534. 

* Ann., aai, 215. 

* Loc, cit. 
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of benzylsulfonic acid, but he gave no description whatever of the chem¬ 
ical behavior of the compound.^ Mohr prepared the corresponding 
anjide of ^-nitrobenzylsulfonic add, but did nothing apparently with the 
compotmd. Marckwald and Frahne^ made the amide of nitro-o-hydroxy- 
benzylsulfonic by the action of ammonia on the corresponding sultone 
and described several of its salts and its methyl ester. Fromme and 
Palma^ also studied this type of sulfonamides and prepared Pechmann’s 
benzylsulfonamide by interaction of ammonium carbonate and benzyl- 
sulfonyl chloride. They also described the anilide, ^-toluidide and 
phenetidide of this acid. 

As the behavior of this type of acid amides on hydrolysis had not been 
investigated, it was therefore of special interest to us to determine their 
chemical behavior when heated with strong hydrochloric acid. We 
found, to our surprise, that these amides decompose in an unique manner 
when heated with this reagent. In the first place, they undergo hydrolysis 
normally, as expected, with formation of the hydrochloric acid salt of 
an amine. The aliphatic sulfonic (VIII) acid, however, is not obtained 

CeHfiCHaSOaNHR + H2O + HCl = CeHsCIIavSOsH + HCI.H2N.R 

VIII. 

since it undergoes complete destruction at tlie temperature of liydrolysis 
(i3O“i50®). It is not converted imder these conditions, however, into a 
hydrocarbon and sulfuric acid as shown in the case of aromatic sulfonic 
adds,^ but is transformed quantitatively into sulfur dioxide and benzyl 
chloride. Whether this tmique change first involves a dissociation of the 
sulfonic add into sulfur dioxide and benzyl alcohol, or primarily a forma¬ 
tion of the acid chloride and finally a dissociation of the latter is not known. 
The complete hydrolysis of benzylsulfonamide (IX), with hydrochloric 
add, therefore, may provisionally be represented in the following man¬ 
ner: 

C6H6CH2SO2NH2 + H2O = C6HBCH2SO2OH + NH3. 

NHa + HCl = NH4CI. 

CeHaCHaSOaOH = SO2 + CeHsCHaOH 
CeHaCHjOH + HCl « HgO + CeHsCHgCl 

The products of the reaction are ammonium chloride, and benzyl chloride 
and sulfur dioxide which are volatile witli aqueous vapor. This is ap¬ 
parently a normal reaction, and the yields of amine hydrochlorides are 
nearly quantitative. 

Having established the fact that benzylsulfonamide is decomposed 
smoothly, by hydrolysis, giving benzyl chloride, sulfur dioxide and am- 

^ Loc. cU, 

* Ber.t 31,1854. 

* lbid.» 39» 3308. 

* Schotten and Schldmann, loc, cit. 
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monium chloride, we next turned our attention to the application of Hins- 
berg's reactions with this amide. We find that it forms well defined 
mono-potassium and sodium salts, which react smoothly with alkyl halides, 
forming the corresponding alkylsulfonamides. In this paper we de¬ 
scribe the behavior of these salts towards methyl iodide, benzyl chloride, 
ethyl brom- and chloroacetates and chloroacetamide.^ By alkylation of 
benzylsulfonamide with methyl iodide a mixture of the monomethyl 
(X), and dimethyl derivatives (XI), is obtained. Attempts were made to 
decrease the amount of the dimetliyl derivative in various ways, but we 
found that it was always formed in practically constant proportion. 
Benzyl chloride, however, reacted more smoothly with the monopotas¬ 
sium salt, giving a monobenzyl derivative (XII). When this was sub¬ 
jected to hydrolysis with concentrated hydrochloric acid it was converted 
smoothly into the hydrochloride of benzylamine (XIII), benzyl chloride 
and sulfur dioxide. 

CHal 

C6nsCH2SO.NHK-C«H,CH,SOaNHCH, 

I \ X. 

ICaH^CHaCl \-C6HsCHaSO,N(CH3)a. 

Y XI. 

C«H,CHaSOaNHCHaC<iHs —► CtHsCHaNHa.HCI 

XII. xm. 

vSchotten and Baumann’s reaction can be applied successfully with ben- 
zylsulfonylchloride and amines. An attempt was made to prepare benzyl- 
sulfonglycocoll in this manner, but the amount formed was so small that 
it was not a practical method of preparation. We also investigated the 
action of the ethyl esters of chloro- and bromoacetic acids on the potas¬ 
sium salt of the sulfonamide, but here also the reactions were not smooth 
and a large proportion of the amide was recovered unaltered. We next 
investigated the action of chloroacetamide on the alkali salts of the sul¬ 
fonamide and made the interesting observation that they interact smoothly 
forming benzylsulfonacetamide (XIV). This amide, on digestion with 
alkalis, was converted quantitatively into the benzylsulfone derivative 
of glycocoll (XV): 

C6HBCH2SO2NHK -f ClCHaCONPIg = C6H6CH2SO2NHCH2CONH2 + KCl 

XIV. 

C6H5CH2SO2NHCH2CONH2 + H2O = C6HBCH2SO2NHCH2COOH + NHa 

XV. 

Benzylsulfonaminoacetamide dissolves immediatel}'^ in alkali and un- 

' We are continuing this investigation and shall investigate not only the alkylation 
products of benzylsulfonamide, but also incorporate in our work an investigation of 
other aliphatic sulfonamides. This type of compounds should be especially valuable 
for further interesting syntheses. It is not improbable that the potassium salt of 
benzylsulfonamide may prove as useful for synthetical purposes as the potassium salt 
of phthalin^ide (T. B. J.). 
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dergoew^ alkylation smoothly with methyl iodide, forming the amide of 
benzylsulfonsarcosine (XVI). This same amide is also formed by action 
of chloroacetamide on the sodium .salt of methylbenzylsulfonamide (X). 
In fact, it was found by experience that the best method of preparation 
of the amide was to first alkylate benzylsulfonamide with methyl iodide, 
and then, without isolation of the methyl substitution product, to alkylate 
finally with chloroacetamide in presence of the required amount of alkali. 
In this way the desired amide was easily obtained pure in yields of 25- 
30% of the theoretical. When the amide of benzylsulfonsarcosine (XVI) 

C6H6CH2SO2NCH2CONH2. 

I 

CH, 

XVI. 

was digested with barium hydroxide solution it was converted quanti' 
tatively into the corresponding acid (XVII). This acid, on hydrolysis 
with hydrochloric acid, breaks down in a manner perfectly analogous 
to that in the case of the sulfone derivatives of amines. vSulfur dioxide and 
benzyl chloride arc formed and pure sarcosine hydrochloride (XVIII) 
is obtained by evaporating the hydrochloric acid solution to dryness. 
Starting with the amide (XVI), the new synthesis of sarcosine therefore 
involves three operations and the yields are nearly quantitative at each 
stage. These changes are represented by the following formulas: 

C6HbCH2S02N(CH3).CH2C0NH2 ^ 

XVI. 

C«H6CFl2S02N(CH3)CH2C00H 

XVII 

CH3NH.CH2COOH.HCl + SO2 + C6H6CH2CI 
XVIII. 

The characteristic feature of our modification of Hinsberg’s method of 
alkylation is the fact that the sulfonic acid employed is completely decom¬ 
posed by heating with hydrochloric add and consequently renders it 
possible to obtain the hydrochlorides of the amines or amino acids abso¬ 
lutely free from the sulfonic acid without precipitation with an alkaloidal 
reagent. Benzylsulfonamide can easily be obtained in any quantity de¬ 
sired. The only unsatisfactory step in the synthesis is that involving 
alkylation in order to obtain the amide (XVI). Here the yield of purified 
product is generally at best only 25-30% of theory. Efforts are being 
made, however, to determine the best conditions for obtaining a max¬ 
imum yield. New investigations are now in progress, and we shall ap- 


CsHbCHaSOaNHCHaCONIIa- 

XIV. 

C,H,CHsSOjNHCH, 

X. 
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ply the method for the preparation of other compounds of biochemical 
interest.^ 

Experimental Part. 

Sodium Salt of Benzylsulfonic Acid, C«H6CH2S03Na.—This salt was 
prepared according to the method of Fromm and Palma. ^ Two hundred 
and fifty grams of crystallized sodium sulfite, or 125 g. of the anhydrous salt, 
in about 200 250 cc. of 10% sodium hydroxide solution were boiled under a 
reflux condenser with 125 g. of benzyl chloride. After 3-4 hours* boiling 
the benzyl chloride had practically all disappeared and the hot solution, 
after diluting with water, was filtered through wet filter papers to remove 
imaltered benzyl chloride, and also the small amount of benzyl alcohol 
which is formed in the reaction. On cooling the aqueous solution the 
sodium salt separated in the form of glistening plates. More of the same 
salt separated after concentrating the solution. The salt was dried at 
100® and used, without further purification, for the following experiments. 
The yield was about 80% of the theoretical: 

Benzylsidfonchloridc, C6II&CH2SO2CI.—This chloride, which has been 
described by Pcchraann, was prepared as follows: 50 g. of powdered, 
anhydrous sodium benzylsulfonate were mixed in a flask with 54 g. of 
pulverized phospht)rus pentachloride and the mixture then moistened 
with phosphorus oxychloride. After a few minutes there was an ener¬ 
getic reaction and the flask was immersed in cold vrater to prevent de¬ 
composition of the sulfonchloride. After the violent reaction was over, 
the mixture was then heated at 70-89° for 4-5 hours. If heated at a higher 
temperature the sulfonchloride is gradually decomposed, forming sulfur 
dioxide and benzyl chloride. The semi-solid mass was finally poured into 
ice-water to decompose the phosphorus halides, when the sulfonchloride 
separated as a heavy oil, which finally solidified. After filtering and wash¬ 
ing witli water it was dried on a porous plate to remove traces of benzyl 
chloride, and finally converted into the acid amide. 

Bcnzylsulfonamidef C8H4CH2S02NH2.^—The amide is easily prepared 
by mixing the acid chloride with a large excess of concentrated, aqueous 
ammonia. The chloride dissolved immediately. After concentration 
of the solution and cooling, the amide separated in the form of colorless 
needles. It was purified by cr}'^stallization from hot water and melted at 
104- 105°. 

Sodium Salt of Benzylsulfonamide, C6H6CH2S02NHNa.—This salt 
separated in a crystalline condition when the solutions of molecular 
amounts of sodium ethylate and benzylsulfonamide, in absolute alcohol, 

^ Owing to the departure of Dr. Ambler from this laboratory these researches will 
be continued by other investigators in our department (T. B. J.). 

* Loc. cit, 

* Peckmann, loc, cit. 



382 TR^AT B. JOHNSON AND JOSEPH A. AMBtER. 

were united. It is insoluble in ether, very soluble in cold water, and in¬ 
soluble in cold alcohol. It was dried for analysis at loo®. 

Calc, for C7H802NSNa: N, 7 27%; found, N, 7 06%. 

Potassium Salt of Benzylsul/onamidef C6H6CH2SO2NHK.—This was 
prepared by the action of potassium hydroxide on benzylsulfonamide in 
absolute alcohol. It separated as glistening, micaceous flakes. After 
filtering and washing with ether it was dried at 100®. 

Calc, for CtHsOsNSK: N. 6.71%; found. N, 6 52%. 

Methyl Benzylsulfonamide^ C6H6CH2SO2NHCH3.—The potassium or 
sodium salts of benzylsulfonamide were suspended in absolute alcohol, 
an excess of methyl iodide added, and the mixture then warmed on the 
steam bath until the solution gave no alkaline reaction. The alcohol 
was then evaporated and the residue dissolved in the least possible amount 
of hot water. On cooling, a colorless solid separated, which was identified 
as a mixture of the mono- and dimethyl amides. These were separated 
by means of potassium hydroxide solution, in which tlie monomethyl 
amide is soluble. The insoluble dimethyl amide was removed by fil¬ 
tration and the filtrate acidified with hydrochloric acid, when the mono¬ 
methyl compound separated as colorless needles. The amide is soluble 
in ether, alcohol and hot water and melts at 109-110® to a clear oil. 

Calc, for CaHiiOsNS: N, 7.59%; found, N, 7.63%. 

Dimethyl Benzylsulfonamide, C6H5CH2S02N(C 113 ) 2 .—The crude dimeth}'! 
amide obtained above was washed with potassium hydroxide solution 
and then purified by recrystallization from hot water and absolute alco¬ 
hol. It separated in thin plates, which melted at 102-103® to an oil. 
It was dried for analysis over sulfuric acid: 

Calc, for C9H13O2NS: N, 7 05%; found. N. 7.01, 7 26%. 

Attempts were made to increase the yield of the monomethylamide by 
alkylation under different conditions. The reaction was applied with 
molecular amounts of the methyl iodide and the sodium or potassium 
salt of the amide in absolute and 95% alcohol, and also with two molecular 
proportions of the salts to one of methyl iodide in the same solvent, but 
in both cases the dimethyl amide was always formed. It was extremely 
difficult to separate the unaltered amide from the monomethyl derivative. 

Molecular quantities of the sulfonamide, methyl iodide and potassium 
carbonate required for tlie equation, 

C6H6CH2VSO2NH2 + CH3I + K2CO3 - 

CeHsCHsSOsNHCHs + KI + KHCO3, 
were warmed in a mixture of two volumes of water to one of 95% alcohol 
until the methyl iodide had all disappeared, but here, also, the dimethyl 
as well as the monomethyl amide was formed. The best yield of pure 
monomethyl amide obtained in any experiment was 35% of the theoretical. 
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Ethyl Benzylsulfonaminoacetate, C6H6CH2SO2NH.CH2COOC2H6.—This 
was prepared by digesting the potassium salt of benzylsulfonamide in alco¬ 
hol with ethyl bromoacetate. After the reaction was complete the alco¬ 
hol was then evaporated and the ester dissolved in ether and dried over 
calcium chloride. The ester was obtained as a viscous oil. Its potas¬ 
sium salt was obtained by digesting the ester in alcohol with the required 
proportion of potassium hydroxide. It separated as a colorless ])owder 
and was dried for analysis at 100°. 

Calc, for C11H14O4NSK: N, 4.76%; found, N, 4.51, 4.66, 446^^ 

The amount of ester obtained was very small. Attempts to im])r()ve 
the yield were made by boiling molecular proportions of ethyl bromo- 
and chloroacetate with the potassium salt of the amide in ether and ben¬ 
zene, but after two weeks’ digestion a large proportion of the potassium 
salt was still unchanged. No better results were obtained by employing 
the silver salt of the amide. An attempt to prepare the ester in quantity 
by application of vSchotten and Baumann’s reaction was unsuccessful. 

Bcnzylsuljonaminoacetamide, C6H6CH2S()2NHCH2CONH2.—The chloro- 
acetamide used in this experiment was prepared according to the direc¬ 
tions of Scholl.' Molecular proportions of chloroacetamide and the potas¬ 
sium salt of benzylsulfonamide wei*e digested in absolute alcohol for about 
one hour, when the reaction was practically complete. Ammonia was al¬ 
ways evolved during the digestion, indicating a partial hydrolysis of the 
amide. The alcohol was evaporated, when a dark colored residue was ob¬ 
tained, which divSsolved in hot water. On cooling, the .sulfonaminoacet- 
amide .separated in small, granular crystals. The compound was purified 
by crystallization from w^ater or boiling 95% alcohol and melted at 157°. 
The amide is insoluble in absolute alcohol. It was dried for analysis over 
concentrated sulfuric acid. 

Calc, for C9lIi20!!N8S: N, 12 30^/f, found, N, 12 . 

Bcnzylsulfonaminoacetic Acid, CeH&CH2vS02NIICH2COOH.— A quantita¬ 
tive yield of the sodium salt of this acid is obtained by digesting the above 
amide in sodium hydroxide solution until no more ammonia is evolved. 
After cooling the solution and acidifying with hydrochloric acid the 
sulfonglycocoll separates immediately on the form of plates. It crys¬ 
tallizes from boiling water or 95% alcohol in plates which melt at 149 
150® to 5 n oil. Schotten and Baumann’s reaction was also applied with 
benzylsulfonchloride and glycocoll, but the yield of the acid was small 
and the greater portion of the acid chloride was converted into the potas¬ 
sium salt of the sulfonic acid. 

Calc, for C9Hii04NS: N, 6.13^.; found, N, 6.of Vi- 
1 Ber., 20, 2415. 
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2- Thio-j-benzylsidfoftkydanioin 


NH — CO 


cs 


.—^Two grams of 


CiH5CHaSO,.N-CH, 


benzylsulfonglycocoll and i g. of dry ammonium thiocyanate were 
heated on the steam bath with 9 cc. of acetic anhydride and i cc. of 
glacial acetic acid. After digesting for 20 minutes, the orange-colored 
solution was then poured into cold water, when the thiohydantoin separa¬ 
ted as an oil, which finally solidified. This was purified by crystalliza¬ 
tion from boiling absolute alcohol and separated in yellow prisms, which 
decomposed at 204° with effervescence. 


Calc, for CioHioOsNaSa; N, 10.39%; found, N, 10.59%. 


Benzylsulfonmethylaminoacetamidet C6H6CH2S02N(CH3)CH2C0NH2. 
(i) By alkylation of bcnzylsulfonaminoacetamide with methyl iodide, —The 
potassium salt of benzylsulfonamide and the required amount of chloro- 
acetamide were warmed in alcohol, as described above, in order to obtain 
the corresponding sulfonaminoacetamide. Without attempting to iso¬ 
late the latter compound a molecular proportion of potassium hydroxide 
in absolute alcohol was added to the solution and finally an excess of methyl 
iodide. The mixture was then digested until neutral and the alcohol 
finally evaporated. We obtained a colored residue containing the above 
amide, which was dissolved in hot water. On cooling, the amide deposited 
in clusters of colorless crystals which melted at 206® to a clear oil. The 
amide is soluble in boiling alcohol and insoluble in cold water. It was 
dried for analysis at 100®. 

Calc, for C10H14O3N2S; N, 11.59%; found, N, 11.46, 11.88, ii.8o%. 

(2) By alkylation of methylbenzylsulfonamide with chloroacetamide ,— 
Benzylsulfonamide was first converted into its sodium or potassium salt 
and the latter then digested in alcohol with methyl iodide in order to ob¬ 
tain the corresponding methylamide. When the reaction was complete, 
one molecular proportion of sodium ethylate in alcohol solution was added 
and finally the required proportion of chloroacetamide. There was an 
immediate reaction on warming and the solution was neutral to litmus 
and turmeric within 15-20 minutes. The alcohol was then evaporated 
under diminished pressure and the residue treated as in the first method. 
We obtained the amide melting at 206® to a clear oil. The yield Vas 25- 
30% of the theoretical, calculating from the amount of benzylsulfon¬ 
amide used. 

Benzylsulfonsarcosine, C6H6CH2S02N(CH8)CH2C00H.—A quantitative 
yield of this acid was obtained by hydrolysis of the above amide with 
l^arium hjrdroxide. An aqueous solution of the amide and an excess of 
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barium hydroxide was boiled until ammonia was no longer evolved. 
The barium was then quantitatively precipitated with sulfuric acid and 
the solution then concentrated by evaporation on the steam bath. On 
cooling, the acid separated in colorless prisms, which melted at 136° to 
an oil. The acid is soluble in hot water and alcohol. 

Calc, for CioHi« 04NS: N, 5.78%; found, N, 5 65 

}lydrolysis of Bcnzylsulfonsarcosinc with Hydrochloric Acid, The borma- 
lion of Sarcoi,ine, CH3NH.CH2COOH.-' This amide is slowly decomposed 
by boiling with concentrated hydrochloric acid. Sulfur dioxide is e\olved 
and benzyl chloride distils with the aqueous vapor. The hydrolysis is 
effected easily by heating with hydrochloric acid at 120- 130° in a pressure 
bottle. After heating for 2 -4 hours the reaction was complete and benzyl 
chloride was suspended in the solution. The mixture was transferred to 
an evaporating dish and heated on the steam bath, when benzyl chloride 
volatilized with steam, leaving behind the hydrochloric acid salt of sar- 
cosine. ^riiis was absolutely free from sulfur and dissolved easily in water. 
After decolorization with bone coal and concentrating the solution, sar- 
cosine hydrochloride separated in colorless cry’stals. It was purified for 
analysis by recystallization from absolute alcohol and separated in color¬ 
less needles. The salt was dried for analysis by heating at 100°. 

Calc for CSH8O2NCI N, ; found, N, ii 

Henzyl-henzyhuljonamidcy C6H5CH2SO2NHCH2C6H6.—This amide was 
prepared by digesting, in alcohol, benzyl chloride with the potassium 
salt of benzylsulfonamide. It was purified for analysis by recrystalliza¬ 
tion from 95% alcohol and separated in colorless needles, on cooling, 
which melted at 145-^ 146®. The amide is insoluble in hot and cold water 
and only slightly soluble in aqueous sodium hydroxide solution. The 
yield of the purified monobenzyl compound was 62% of the theoretical 

Calc, for C14H16O2NS: N, 5.37%; found, N, 5.01, 5 25^^ 

The ('oftversion of Bcnzyl-benzyisulfonamidc into Benzylaminc by Hy¬ 
drolysis with Hydrochloric Acid, C6H5CH2NH2. -This amide was not 
changed by boiling with hydrochloric acid. On the other hand, wdien 
heated to 130® for 2.5^-3 hours with hydrochloric acid, sulfur dioxide 
and benzyl chloride were formed, but only about one-fiftli of tlie amide 
had been decomposed. Complete hydrolysis was effected by heating 
at 150® for 2 -3 hours. After concentration of the solution the benzyl- 
amine hydrochloride was then identified by means of its double platinum 
salt. This was purified by crystallization from water and was dried for 
analysis at loo®. 

Calc for CuHaoNaPtCU; Pt, 3065%, found, Pt, 31 o'//. 


Nuw Havbn, Conn, 
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THE ACTION OP CHLORINE ON ETHYL CARBAMIC ESTER. 
THE ISOLATION OF ETHYLMONOCHLOROCARBAMIC 
ESTER AND ITS BEHAVIOR TOWARDS 
AMINES AND ACID AMIDES. 

By Rasik Lal Datta and Satyaranjan Das Gupta 
Received December 15, 1913. 

The action of chlorine on carbamide and substituted carbamides was 
studied by Chattaway, who succeeded in preparing their various chloro- 
derivatives. He prepared a dichloroderivative of carbamide by passing 
a current of chlorine through a well cooled, saturated solution of this 
compound.' Behai and Detauf* prepared monochlorocarbamide by 
passing a calculated amount of chlorine over carbamide and separating 
the monochlorocarbamide from carbamide hydrochloride, which is formed 
along with it, by cooling with methyl chloride. The other theoretically 
possible chloroderivatives have not as yet been prepared, Chattaway® 
tried the action of chlorine on alkyl and acyl substituted carbamides 
and was able to prepare the monochloro-, dichloro- and trichloroderiva- 
tives of the alkyl substituted carbamides and only the monochloroderiva- 
tives of the acyl substituted carbamides. The action of chlorine on phenyl- 
carbamide^ is interesting. In this case the chlorine atom not only takes 
the place of the hydrogen atom united to nitrogen, but also enters tlie 
phenyl radical; and he isolated, tmder different circumstances, no less than 
ten chloroderivatives from this body. The action of bromine on carbamide 
has been studied by one of us,® but it does not give rise to any bromode- 
rivatives, though there are evidences of the latter being formed in solu¬ 
tion. 

The ready substitution of the hydrogen atoms, united to nitrogen atom 
of carbamide, by chlorine, with the production of unstable substituted 
nitrogen chlorides, suggested to us the possibility of replacing similar hy¬ 
drogen atoms by chlorine in analogous bodies. The action of chlorine 
on ethyl carbamic ester is first taken into hand with a view to prepare its 
monochloro and dichloroderivative, since the formation of this is strength¬ 
ened by the fact that it may be considered as carbamide in which one 
amido group is substituted by an alkylated hydroxyl. In fact, the mono- 
chloroderivative has been isolated as a pale yellow oil. The action of 
chlorine on ethyl carbamic ester was studied by Schmidt,® evidently with 
a view to isolate the monochlorocarbamic ester. But he failed to obtain 
the same and prepared instead a condensation product of urethane with 

1 Proc. Roy, Soc., (.4) 8i, 381 (1908). 

® Compt rend., 53, 381 (1911). 

« J, Chem. Soc., 95, 129 (1909). 

^ Chattaway, Ihid., 97, 292 (1910). 

* Datta, Ibid., xoi, 166 (1912). 

• J. prakt. Chem., [2] 24, 120 (1881) 
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dichloroacetaldehyde, viz., dichloroethylidene-urethane, by allowing 
chlorine to act on the ester at a temperature ranging between 90-100°. 
The action that takes place, in this case, is quite difTcrent from what is 
expected for the formation of the chloroderivative. The urethane is 
first decomposed and the alkyl radical becomes simultaneously chlorina¬ 
ted and oxidized, forming dichloroacetaldehyde, thus: 

NHaCOOCgHs + 3CI2 = CHCb.CTIO + COCI2 + NPI4C1 + IlCl 
which in turn further condenses with two molecules of the ester to form 
dichloroethylidene-urethane, thus: 

CHCloCHO + 2NH2COOC2H6 = CHCl 2 .CH(NHC()()C 2 il 5)2 + II2O. 
Now, it has been found that if, instead of chlorinating the substance at 
the high temperature employed by vSehmidt, the substance be chlorinated 
in well cooled aqueous solution, the monochlorocarbamic ester could be 
isolated very easily as a pale yellow oil. 'I'he preliniinar}" experiment for 
the chlorination was carried out with a perfectly saturated and well cooled 
solution of urethane, with the view that the chloroderivative might be 
precipitated, similarly to dichlorocarbamide, by passing a current of 
chlorine through a saturated solution of carbamide. But, contrary to 
expectation, no such precipitate came out even after passing the current 
of chlorine for a good length of time, though the solution showed signs of 
considerable absorption of it. The only change that was noticeable 
was that the solution assumed a yellow color. This fact might account 
for the inability of Schmidt, who studied the action of chlorine on ethyl 
carbamic ester as pointed out before, to isolate the real compound. 

Now, on pouring the resulting yellow solution into water, a pale yellow 
oil, which showed quite active properties, separated and sank to the bot¬ 
tom. Its action on potassium iodide resulted in the liberation of iodine, 
and it acts as a vigorous chlorinating agent. It was suspected to be the 
monochloroderivative of the ester and that was found to be the case. 

The chloro compound is most conveniently prepared thus: A dilute 
aqueous solution of etliyl carbamic ester is taken and a current of chlorine 
is passed into it, when, within a very short time, a pale yellow oil separates 
at the bottom. The passing of chlorine is continued till the oil ceases to 
absorb it, that is, until no fiurther deepening of the yellow color of the oil 
takes place. It has to be noticed that the oil separates from solutions 
whidi are dilute, while from saturated solutions no separation takes place 
imtil water is added to it. It is for this reason that a dilute solution and 
not a saturated one has to be employed. The oil is next separated by 
means of a separating funnel, washed with water and dried, when it is 
obtained as a pale yellow oil. If the oil be analyzed by separating it di¬ 
rectly without washing, the percentage of clilorine comes out a trifle high, 
which is due to some chlorine dissolved in the oil. Like tlie nitrogen 
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halogen derivatives, the chlorine in this is estimated by adding the oil 
to excess of potassium iodide solution and titrating the iodine liberated 
with sodium thiosulfate. Also a gravimetric halogen estimation was 
made according to Carms’ method. 

0.253s g. liberated I - 20.3 cc. N/io I; Cl a.s: NCI - 2843%; 0.4163 g gave 
0.04773 AgCl; Cl = 28.3%; calc, for CsHeOsNCl: Cl = 28.74%. 

The action that takes place is one of substitution, involving the libera¬ 
tion of one molecule of hydrochloric acid for each molecule of the ester 
chlorinated. 

NH2COOC2H6CI = NHCI.COOC2H6 + HCl. 
vSince urethane is not a base, the liberated hydrochloric acid does not in¬ 
terfere with the chlorination of this substance and hence the compound 
is produced quantitatively, whereas in the cavSe of the chlorination of di- 
chlprocarbamide the liberated hydrochloric acid holds bound two-thirds 
of the urea employed as urea hydrochloride, and nearly one-third of the 
theoretical yield is obtained as pointed out before by one of us.^ 

The compound is a pale yellow, moderately viscous oil, having a refrac¬ 
tive index of 1.44235 at 30°. It is tolerably stable, and during the chlor¬ 
ination no appreciable amount of hydrolysis takes place. The substance 
decomposes very slowly when kept in stoppered bottles; when kept in 
contact with water for some days, it yields a white crystalline substance 
which is under examination. The compound boils at about 99®, giving 
out bubbles of gas, evidently due to the decompo.sition of the compound. 
If the oil be heated to 140® and then allowed to cool, a solid substance 
begins to separate from the liquid and the stem of the tube is filled with 
a white, solid substance in the form of a sublimate. If it be heated in a 
bulb tube, a sudden rush of white vapors come out of the tube, which de¬ 
posit on the upper part of the tube. On further heating, the whole thing 
chars, leaving a deposit of carbon. The composition of the solid which 
separates from the heated oil is also under investigation. The substance 
has a pungent smell, similar to chlorocarbamides. It has a remarkably 
corrosive and painful action on the skin; when applied to the skin a very 
painful sensation is felt in the course of a few minutes, which increases, 
gradually turning the skin violet-black. If the action be prolonged for 
some time, very painful and deep-seated scars are formed. 

The compound is an extremely energetic agent, like dichlorocarbamide. 
But it has a great advantage over the latter, which has a great tendency 
of being hydrolyzed in the process of chlorination; this compound, how¬ 
ever, effects chlorination smoothly and without the least amount of 
hydrolysis. For instance, in the chlorination of the lower aliphatic amines 
there is a vigorous hydrolysis with dichlorocarbamide; whereas the re¬ 
action takes place very smoothly and without £he least hydrolysis with 

^ Datta, /. Chem, Soc,, lOi, 166 (1912). 
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this body. So the reagent promises to be of signal service in cases of 
chlorination where free chlorine in not suitable, and where hypochlorous 
acid or dichlorocarbamide is too vigorous an agent effecting rapid hy¬ 
drolysis. The chlorination of benzylamine was studied in detail as re])re- 
senting the amines, and that of benzamide, as representing the acid amides. 
It was also found that acetone interacts vigorously with it, forming a 
chloro compound. Its action on such bases as piperazine and hexa¬ 
methylenetetramine is very interesting, and instead of chloroderivatives 
other condensation products, containing no halogen, are formed. These 
will be described ill a future communication. 

The Action of Ethylchlorocarbamic Ester on Benzylamtne, —The chlorina¬ 
tion of benzylamine was effected by means of dichlorourea by one of us,^ 
producing both monochloro- and dichlorobenzylaniines. It has now been 
found that, by the action of the chloroester, both monochloro- and di- 
chlorobenzylamines could be prepared according as the one or the other 
be employed in excess. For preparing monoclilorobenzylaniinc, the 
chlorourethane is added to excess of benzylamine and the resulting prod¬ 
uct is treated with water, when the excess of amine dissolves in it, leaving 
monochlorobenzylamine as a pale yellow viscous oil. It was separated 
and dried as usual. Its identity was established by a halogen estima¬ 
tion. 

o ^531 gave o 2539 AgCl; Cl = 24 80%; calc for C6H6CHiNHCl Cl -- 25 08*, 

The dichloro compound is prepared very easily by adding excess of ethyl¬ 
chlorocarbamic ester to benzylamine and then w^ashing with water the 
pale yellow oil which separates. A halogen estimation in the dried sub¬ 
stance proved the identity of the compound. 

02160 gave 0.3505 AgCl; Cl = 40.15calc foi CeH^CHaNCli. Cl -4034. 

The Action of Ethylchlorocarbamic Ester on Benzamide, —Benzamide 
could hitherto be chlorinated by means of sodium hypochlorite.* It has 
been recently shown® that chlorination in aqueous suspension is possible 
for the production of the monochloroderivative. The present chlorin¬ 
ation by the chlorocarbamic ester is an addition to the methods of chlorin¬ 
ation of benzamide. The chlorination of benzamide is effected most con¬ 
veniently thus: Ethylchlorocarbamic ester is added to finely powdered 
benzamide with a small quantity of water. After allowing the reaction 
mixture to stand for some time, the chlorination becomes complete and 
the product is washed with water and recrystallized therefrom. Its 
melting point was found to be 116®, which is evidently of pure benzoyl- 
chloroamide. 

The action of bromine on urethane in conjunction with soda was studied 

‘ Datta, This Journal, 34, 1613 (1912). 

* Bender, Ber., 15, 410 (1882). 

* Datta and Ghosh, This Journal, 35, 1044 (1913)- 
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by Hantzsch,^ and he obtained the dibromoderivative, four molecules of 
which are united chemically with a molecule of sodiuni bromide to form 
ethylic dibromoamidocarboxylate sodium bromide, 4NBr2COOC2H6, 
NaBr, as a yellow granular powder the sodium bromide of which 
is firmly in union and cannot be removed by washing with 
water. It is most likely that the constitution of this body is 
quite different from what has been assigned to it by Hantzsch. 
In all probability it has a complicated formula, as can be inferred from 
the unstable nature of the monochlorocarbamic ester as also from the less 
energy of bromine for reactions of this kind. It might be a condensed 
c'ompound having the formula given below: 

4(NBr2.COOC,H5)NaBr * BrN.Br^—NBr. - NBr,“ -NBr.Na 

1111 

COOEt COOKt COOKt COOEt 

The formation of such a compound may be explained thus: Bromine 
acting on urethane in conjunction with soda forms NaBrNCOOEt, analo¬ 
gous to the formation of potassium acetobromoamide by the action of bro¬ 
mine and caustic potash on acetamide. Now this further adds two atoms 
of bromine to form NBrsNaCOOEt, making the nitrogen pentavaleiit. 
Four molecules of this condense, with the elimination of sodium bromide, 
to form the above compound. 

4NBr3NaCOOEt = aNaBr + 4NBr2COOEt, NaBr. 

We are at present engaged in preparing the chloroderivatives of other 
esters of chlorocarbamic acid and also of alkyl and acyl substituted car- 
bamic esters. 

We take this opportunity of expressing our best thanks to Prof. P. C. 
Ray for the interest he has taken in the above investigation. 

Cmi{micai« Laboratoky, Presidency Cou.8GE. 

CA1.CUTTA. 


ACYL DERIVATIVES OF o-AMINOPHENOL. 

By J. H. Ransom and R. E. Nelson 
Received December 1, 1913. 

In an extended piece of work published some years ago the senior 
author^ found that when c?-nitrophenylethylcarbotiate is reduced with 
tin and hydrochloric acid a urethane is obtained soluble in bases and evi¬ 
dently having the carbethoxy radical attached to nitrogen. By modify¬ 
ing the conditions, a basic substance was isolated in which tlie carbethoxy 
radical is attached to oxygen. On standing, this rapidly changes to the 
urethane. The same urethane was obtained from o-aminophenol and 
chlorocarbonic-ethylether in ether solution. A similar rearrangement 
^ her, 27, 1248 (1894). 

^ Am, Ckem. J., 23, i. 
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occurs when o-nitrophenylbenzoate is reduced in acid solution. In de¬ 
termining the constitution of the urethane, Ransom made the diacyl de¬ 
rivative, using benzoyl chloride in alkaline solution. lie found that the 
same diacyl derivative is produced when benzoyl o-aminophenol is treated 
with chlorocarbonic-ethylether. In both cases saponification gives benzoic 
acid and hydroxyphenylurethane, indicating that in the latter case a molecu¬ 
lar rearrangement has occurred, so as to leave the lighter acyl group attached 
to nitrogen. Other diacyl derivatives were made and in every case the 
lighter acyl group was found attached to nitrogen. But if one of the amine 
hydrogen atoms is first replaced by a hydrocarbon radical no rearrange¬ 
ment occurs, isomeric substances being formed when the acyl radicals 
are introduced in reverse order. The same is true when the amine and 
hydroxyl groups are in the meta or para position to each other. 

It seemed desirable to determine if a carboxylester group would become 
attached to nitrogen in place of a lighter carbonyl group already there; 
also, if of two carboxylester groups introduced the lighter one would go 
to the nitrogen. Finally it seemed of interest to determine if rearrange¬ 
ment would occur in case the radicals introduced were of nearly the same 
weight. If the rearrangement did not occur, or proceeded more slowly, 
it was thought there w^ould be a better chance of studying the mechanism 
of the rearrangement. 

Hydroxyphenylisoamylurethane. —^I'wo grams of c-aminophenol were sus¬ 
pended in ether and the calculated amount (2 mol.) of chlorocarbonic-ivSo- 
amylether slowly added. The hydrochloride of one molecule of the c-amino- 
phenol precipitated. After filtering, the ether solution was evaporated, 
leaving about two grams of a solid. It crystallized from boiling ligroin 
in white needles melting at 68.5-69.5®. The crystals are insoluble in 
cold water and dilute acids, but are sparingly soluble in hot water, and 
very soluble in chloroform, benzol, alcohol and ether. The compound 
is also quite soluble in dilute alkalies from which solution it is precipitated 
by acids, showing its acid character. 

The same substance was also made by the reduction, witli tin and hydro¬ 
chloric acid, of {7-nitro-isoamylcarbonate (made according to Ransom’s 
method). The melting point was the same and a mixture of the two had 
the same melting point as either. 

Another quantity of (7-nitro-isoamylcarbouatc was reduced, but as 
soon as the action was complete the product was thrown into a concen¬ 
trated solution (1 : i) of potassium hydroxide kept cold in a freezing mix¬ 
ture. This solution was quickly extracted with ether and the ether solution 
dried with potassiiun hydroxide. When dry, the ether was saturated with 
dry hydrochloric acid. A white precipitate separated which was filtered 
out and quickly dried on a porous plate in a desiccator. The melting 
point was 134® and the substance was quite soluble in cold water and adds; 
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but alkalies precipitated an oil from the solution. A small amount was 
dissolved in water and allowed to stand. Soon an oil separated which 
was extracted with ether and the ether evaporated. A solid remained 
which was vSoluble in alkalies and had all the properties of the urethane 
described above. Evidently the substance melting at 134° is the hydro¬ 
chloride of o-aminophenyl-isoamylcarbonate which changes to the ure¬ 
thane on being warmed with water. In the dry condition it is quite 
stable. 

Benzoylhydroxyphenylisoamylurethane, —^1.5 grams of the hydroxyphenyl- 
isoamylurethane were dissolved in potassium hydroxide solution and to 
this was added 0.8 gram of benzoyl chloride. Slowly a brown oil sepa¬ 
rated which solidified with difficulty in Uie cold. After rec^^^stalhzing 
several times from dilute alcohol white needle-shaped crystals were ob¬ 
tained, melting at 65.5®. The substance is insoluble in water, dilute 
acids and alkalies; but soluble in ether, chloroform, benzol and alcohol. 
0.2591 g. gave 10 cc. of nitrogen at 22.5® and 748 mm. pressure. This 
is equivalent to 4.39% of nitrogen. Calculated for C19H21NO4 the nitro¬ 
gen equals 4.28%. Saponification of the substance with alcoholic potash 
produced benzoic acid and the urethane melting at 68.5 09.5°. A mix¬ 
ture of the two had the same melting point. 

Action of Chlorocarbonic-isoamylether on BenzoylaminofhenoL--Benzoyl 
(7-aminophenol was prepared by Ransom’s method and 2 grams of it, in 
alkaline solution, were treated with 1.6 grams of chloroearbonic-isoamyl- 
ether. An oil .separated which was extracted with ether and the ether 
evaporated. Recrystallized from dilute alcohol the substance formed 
white crystals melting* at 65.5° and its mixture with the supposed isomer 
had the same melting point. Saponification, as above, gave the .same 
substances. Evidently the benzoyl group, in this as in the former case, 
is attached to oxygen and must have shifted from its original attachment to 
nitrogen. 

AciionofChlorocarbonic-isoamyletheronHydroxyphenyleihylur ethane. --“The 
ethyl urethane was prepared as stated and 2 grams of it, in alkaline solu¬ 
tion were treated with the calculated amount of chlorocarbonic-isoamyl- 
ether. A light yellow oil separated which was extracted witli ether. 
On evaporating the ether an oil was left which did not solidify until it 
was distilled in vacuo. After several recrystallizations of the distillate 
from alcohol the white crystals melted at 65-66°. On saponifying some 
of the impure material two substances were obtained. A small part melted 
at 133-134and is probably carbonylaminophenol, produced from the 
urethane by loss of alcohol. The other part melted at 84-85° and on 
being mixed with hydroxyphenylurethane (m. p. 86-87°) the melting 
point was raised slightly. 

Action of Cklorocarbonic Ethylether on Hydroxyphenylisoamylurethane. — 1 .4 
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grams of the isoamylurethane were treated, in alkaline solution, with 0.7 
gram of chlorocarbonic ethyl ether. A heavy red oil separated which 
would not solidify until it was distilled in vacuo (185-200® at 15 mm. 
pressure). After several recrystallizations of the distillate the crystals 
became white and melted at 65-66®. They are insoluble in acids and al¬ 
kalies, but quite vSoluble in alcohol, ether, chloroform and benzol. Mixed 
with the possible isomer, described above, the mcltijig point was not de- 
preSwSed. Evidently in this case a molecular rearrangement occurs as 
expressed in the following equation: 

KOC 6 H 4 NHCOOC 6 Hn + ClCOOCsHs —^ KCl + 

CaHBOOCOCttHiNHCOOCBHn —^ C^HnOOCOCeHiNilCOOCoHs. 
The final product is carbamyl o-hydroxyphenylethylurethane. 

Summary ,—^The work here outlined, together with that previously 
reported, shows that when two carboxyl radicals (COOR and COORi) 
are introduced into the molecule of (?-aminophenol the lighter one becomes 
attached to nitrogen, the position not being influenced by the order in 
which the groups are introduced; and that to accompli.sh this, a molecular 
rearrangement occurs in one case. This is also true when both of the rad¬ 
icals are carbonyls (COR and CORi). In case one radical is carbonyl 
and the other carboxyl the latter becomes attached to nitrogen without 
being influenced by the relative weights of the entering groups. The 
hope that the introduction of radicals of nearly the same weight (CeHgCO 
and CdHuCOO) would re.sult in the formation of i.someric substances was 
not realized, the velocity of the rearrangement being, apparently, almost 
instantaneous in every case. Consequently the mechanism of the re¬ 
arrangement is still in doubt. It is possible that there is equilibrium of 
the two isomeric forms, one always being in too small amounts to be iso¬ 
lated, but there is little evidence to support this view. Work already be¬ 
gun with the orthoaminomercaptans may still throw light upon the problem, 

PURDUB UnIVBRSITY, 

Lafaybttb. Ind. 

(Contributions from thb Chemical Laboratory ok Colombia University and 
THE Harriman Research Laboratories. No, 227 ( 

A STUDY OF THE CHEMICAL CONSTITUTION OF INVERTASE. 

(FIRST PAPBR.) 

By J. M. Nblson and Sidnby Born. 

Received December 4, 1913 

Since enzymes play such important roles in most chemical reactions 
occurring in plants and animals, any knowledge as to theii* true chemical 
constitution is of obvious importance. In a study of this kind it is de¬ 
sirable to select an enzyme which can be had in comparatively large amounts 
and can be easily purified. Such an enzyme is yeast invertase. Pressed 
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yeast can be obtained from breweries and the invertase can be isolated 
by autolytic or extraction methods. 

The constitution of invertase has already received considerable atten¬ 
tion. In this connection may be mentioned tlie work of O'Sullivan and 
Tompson^ who were probably the first to come to any important con¬ 
clusions. Their results indicate invertase to be a water soluble substance 
made up of a carbohydrate and an “albuminoid" or protein. The latter 
seemed identical with the protein obtained from yeast itself. Another 
investigator, Salkowski® regarded the polysaccharide in invertase as an 
impurity which he called “yeast gum." He doubted the protein char¬ 
acter of the nitrogenous part, because of its weak response to the Millon, 
xanthoproteic and biuret tests. Wroblewski"* came to similar conclusions 
regarding the carbohydrate part, but differed with Salkowski in believing 
invertase to contain a very active protein, which he claimed he succeeded 
in isolating by salting out with ammonium sulfate. C^sbomc^ prepared 
invertase which had a nitrogen content of about 6.i% and which gave 
Millon, xanthoproteic and biuret tCvSts. In spite of these tests and on the 
basis of its empirical composition he likens it to chitin. llafner,^ showed 
that invertase contained phosphorus in organic combination, a fact neg¬ 
lected by most investigators. He could not obtain the biuret test, 
and thought invertase was a complicated substance ('ontaining besides 
phosphorus, a carbohydrate and a nitrogenous group which he was un¬ 
able to isolate, liuler and his vStudents** have succeeded in preparing the 
most active invertase known thus far (=*=o® = lo to 20 minutes), and the 
nitrogen content of. which varied from 1.85 to 4.59%. They suggest 
that invertase closely approaches yeast gum in its chemical constitution, 
but express no opinion as to the nature of the nitrogenous part. Mathews 
and Glenn^ suggest tliat the active principle in invertase may be protein 
in character and conclude that the carbohydrate part serves as a colloidal 
ferment bearer for this active protein. 

From the above it can be seen that, so far, very little has been definitely 
determined concerning the chemical constitution of invertase, except 
that all products prepared thus far contain a polysaccharide, a nitrogenous 
substance and phosphorus. The results obtained in this laboratory con¬ 
firm in general the opinions of O'Sullivan and Tompson. More data was 
secured showing the nitrogenous part to be protein and the phosphonis 
to be chemically combined with the carbohydrate. 

‘ J, Chem, Soc , 57, 834 (1890). 

* Z. physiol. Chem., 31, 305 (1900). 

® J. prakt. Chem., 64, 1 (1901); Ber., 36, 1134 (1898). 

♦ Z. physiol. Chem., 28, 399 (1899). 

® IHd., 42, I (1904). 

^Ibid., 6$, 124 (1910); 69, 152 (1910); 72, 340 (1911); 73» 335 (1911). 

^ J. Biol. Chem., 9, 29 (1911). 
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Preparation of Invertase .—^IVo hundred pounds of pressed yeast were 
placed in a barrel, some toluene added to prevent bacterial growth, and 
the yeast allowed to autolyze, at room temperature, from two to six weeks. 
At first, a strong fermentation, with tlie evolution of large amounts of 
carbon dioxide, took place and later liquefaction. Several types of filter 
presses and centrifuges were tried for filtering the large amount of liquid, 
but these were found to be unsuccessful and finally large folded papers 
with parchmentized tips were used. In this way five to six gallons of a 
clear yellow liquid were obtained to which was added an equal volume of 
95 % alcohol. A flocculent yellow precipitate settled out, the alcohol 
was decanted and the residue dissolved in water. There was left a con¬ 
siderable amount of insoluble matter, probably consisting chiefly of in¬ 
soluble proteins. To this acpieous extract, alcohol was added. This 
time the precipitate w^as gummy instead of flocculent and, after decanting 
the alcohol, it dissoh ed almost completely in water, giving an opalescent 
solution which was filtered when necessary'. A concentrated solution 
of lead acetate was then added wdth stirring, until practically no more 
precipitate formed, care being taken to avoid an excess of the reagent. 
\fter filtering off the lead precipitate, potassium oxalate was added to 
throw down the lead remaining in the solution, and after filtering, the 
filtrate was treated witli kaolin and stirred constantly for an hour. The 
kaolin treatment was generally repeated two or three times. The result¬ 
ing liquid w^as placed in collodion bags, containing some toluene, and dia¬ 
lyzed in running w’ater from three to twenty days. After dialysis, the in- 
vertase, as O’Sullivan and Tompson pointed out, could no longer be pre¬ 
cipitated by the addition of several volumes of alcohol alone, and it was 
necessary to add also some electiolyte to destroy the colloidal solution. 
For this purpose a small amount of sodium chloride, potassium acetate 
or acetic acid was found satisfactory. A mechanical stirrer was found 
useful in hastening the coagulation of the precipitate at this point. The 
gummy precipitate was ground in a mortar with abvsolute alcohol, where¬ 
upon the precipitate gradually changed into a white pow^der which w^as 
easily filtered on a suction filter and finally washed with absolute alcohol 
and ether. This product was then dried in a vacuum over sulfuric acid 
for several days. From two hundred pounds of yeast about two hundred 
grams of invertase were obtained.' 

The above method of isolation and purification w^as adopted since it 
corresponded more closely witli those used by such other investigators 
as O’Sullivan and Tompson, Kuler, and Matliews and CUeim, both in 
procedure and composition of the preparations. It really amounts to 
a purification of the yeast gum or carbohydrate part, and experiments 

’ The authors wish to thank Messrs C W. Otto tind L. Siegler foi Ihcir valuable 
assistance in some of the experimental work. 



396 


J. M. NEtSON ANl) SIDNEY BORN. 


are being conducted now, in this laboratory, to see whether it is advisable, 
or not, to change this form of procedure. 

Properties of Invertase, —^The invertasc obtained by the above method 
was a white powder, soluble in water, and giving a slightly opalescent 
solution. It gave the biuret, Millon and xanthoproteic reactions for 
proteins, when sufficient material was used. Mathews and Glenn had 
great difficulty in obtaining the biuret test, and Hafner could not obtain 
it at all. These reactions are important in view of the fact that the prep¬ 
arations were as low in nitrogen content as that of any other investigator 
and the activity (±0° = 37 minutes at 37°) was comparable with that of 
O'Sullivan and Tompson, and Mathews and Glenn. 

The water solution gave no precipitate with phosphotungstic acid, 
mercuric acetate, nor lead acetate, and could not be salted out by am¬ 
monium, magnesium or zinc sulfates. It did not coagulate on heating. 
The average preparations had a nitrogen content of 1.3%; ash, 0.9%; 
and phosphorus, 0.3%. 

Analysis of the Invertase Preparations, —The samples were dried at 70® 
to constant weight. The ash values were obtained with a special ashing 
burner at low red heat; the phosphorus was obtained by sodium carbonate 
and potassium nitrate fusion, dissolving in nitric acid, precipitating first 
with molybdate and finally with magnesia mixture and weighing as 
magnesium pyrophosphate; the nitrogen w’^as determined by the ordinary 
Dumas method. 

Activity of the Invertase Preparations. —This was determined according 
to the method of O’Sullivan and Tompson, subsequently used by 
Euler and his co-workers.^ The principle underlying this method is the 
determination of the length of time required by a given amount of invertase 
to perform a definite amount of work, under standard conditions of temper¬ 
ature, concentrations of cane sugar, invertase and hydrogen ion. This 
amount of work is expressed as the time in minutes in which a definite 
amount of invertase reduces the rotation of 100 times its weight of canc 
sugar to =*=o®. 

All determinations were carried out in a constant temperature water 
bath at 37°, and not varying more than =*=0.01® and in an optimum hy¬ 
drogen ion concentration. The rotation was read in a water-jacketed 
polariscope tube, kept accurately at 35®, and similar to the one used 
by Hudson The following determination is given in order to illustrate 
the method: Fifty milligrams of an invertase preparation were dissolved 
in 5 cc. of N/2 acid sodium phosphate solution and added to 20 cc. of 
a cane sugar solution, containing 4 grams of the sugar, both solutions 
being previously warmed to 37® C. At the end of half an hour the inver- 
^ Z. physiol. Chew,, 69, 152 (1910). 

• This Journal, 30, 1564 (1908). 
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sioii was stopped by the addition of 5 cc. of a strong sodium carbonate 
solution. Rotation of the solution without inversion (Blank) in a 220 
mm. tube, temperature 35® and sodium light, was +18.97°, and after 
inversion +1.25°. Calculating, by means of (specific) rotation for 
cane sugar and invert sugar, the amount of inversion, and then applying 
the method given by O’Sullivan and Tompson, the activity was found 
to be =*=0° == 37 minutes at 37°. 

The following analytical results were obtained for 9 samples: 


No of 
sample 

Period of 
dialysis 

Days 

Ash. 

Per cent. 

Nitrogen 

Per rent. 

Phosphorus 

Per cent. 

Activity .It 
37 ® * 0 ’ 
Minutes 

I 

0 

5.25 

2.21 


37 

2 

3 

I 30 

I 51 

0.27 

154 

3 

3 

0 85 

1 61 

0 27 

72 

4 

7 

0 80 

I 26 

0 26 

37 

5 

7 

I .02 

1.28 

0.27 

52 

6 

10 

0 8q 

1 . 3 S 

0 27 

136 

7 

*4 

0 88 

I 83 

0.29 

70 

8 


1 49 

J 35 

0.32 

953 

9 


I 68 

1 36 

0 30 

none 


The Chemical ('omtituiion of the Polysaccharide of inveriase, 

Schutzenberger^ was the first to isolate yeast gum from yeast by ex¬ 
traction with water and precipitation with alcohol. Ilessenland*"’ showed 
that it gave mannose and glucose on hydrolysivS. vSalkowski^ prepared 
it by precipitation from yeast extract with Fehling’s solution. Meigen 
and vSpreng*^ fotuid Salkowski’s method for isolating the gum the best, 
and by hydrolysis obtained twice as much mannose as glucose. Euler 
and Fodor® showed this gum was present in invertase preparations, a fact 
previously shown by Salkow^ski and Wroblewski,^ and by hydrolysis found 
its composition to be between 4 mannose, 3 glucose and 4 mannose and 
4 glucose. In the present investigation, the behavior of the gum tow ards 
acetolysis has been studied, also the phosphorus content of the acetylatcd 
products and the gum itself has been determined. 

Preparation of the Yeast Gum.- The yeast gum was prepared from in 
vertase by Salkow^ski’s metliod. 

Twenty grams of invertasc were dissolved in 150 cc. of 3^^ potassium 

^ The degree of activity was not relied upon as a criterion of purity, as many in 
vestigators have done heretofore, since this property, besides being dependent ni>on 
the composition, is also influenced by the way it is precipitated with alcohol, and very 
likely many other conditions at the present little understood. 

* Bidletin, [2] 21, 204 (1874). 

* Z. Ver. Riibenzuckerind.f 42, 671 (1892). 

^ Z. physiol. Chem., 31, 305 (1900). 

* Ibid., 55, 48 (1908). 

^ Ibid., 72, 340 (1911)- 

^ J. prakt, Chem., 64, 1 (1901). 
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hydroxide solution, and warmed on the water bath for half an hour. 
About 200 cc. of Fehling's solution were then added, the copper gum pre¬ 
cipitated and collected in a spongy mass. The excess of Fehling*s solu¬ 
tion was decanted and the gum washed with water to remove the excess 
alkali. It was then placed in a mortar, ground up with water and a few 
drops of concentrated hydrochloric add, until all had gone into solution. 
The gum was reprecipitated from this solution by means of alcohol, 
redissolved in distilled water, and again precipitated by means of alcohol. 
This last treatment was repeated three times, the gum then put in absolute 
alcohol, and after it had crumbled to a fine, white powder, was washed 
with ether and dried in a vacuum over concentrated sulfuric acid. The 
gum left no ash on ignition, was free from copper and nitrogen, but con¬ 
tained phosphorus, a fact which seems to have been overlooked by most 
investigators. Phosphorus was determined in the same way as in invertase 
itself. One sample showed 0.32% phosphorus while another not quite 
so pure vshowed 0.23%. 

To determine whether any of the phosphorus of the original invertase 
had been split off by the Fehling solution, the Fehling filtrate from the 
gum was acidified with hydrochloric acid, treated with hydrogen sulfide 
to remove copper, filtered, evaporated to dryness, and tested for phosphorus 
A very slight amount of molybdate precipitate was obtained, but it was 
so small that magnesia precipitation gave negative results. From these 
results it seems probable that all the phosphorus is chemically combined 
with the gum. 

Action of Acetyl Bromide on Invertase, —Two grams of invertase, dried 
in vacuo at 55°, were treated with 10 cc. of acetyl bromide in a flask pro¬ 
vided with a ground in reflux condenser surmoimted by a calcium chloride 
tube. At first the reaction was rapid with evolution of hydrobromic acid 
but as it diminished in speed, it seemed best to heat gently on the water 
bath. Most of it went into solution rapidly, but a small amount required 
longer treatment. On account of the small amoimt of the latter, no at¬ 
tempt was made to isolate and to see whether it was different from the 
rest. After all had dissolved, the brown syrup was poured into ether 
(ethereal solution, see below), whereupon a yellowish white precipitate 
settled out. The precipitate was soluble in hot alcohol, and on cooling 
settled out in what seemed to be microscopic crystals but which, on fur¬ 
ther examination, were found to be amorphous.^ This product was 
reprecipitated from alcohol four or five times. The substance did not 
reduce Fehling’s solution, but gave a white precipitate. It was soluble 
in acetone, ethyl acetate, and hot alcohol, insoluble in ether. It began 
to soften at 178® and melted with decomposition at 198®. The substance 

^ In one or two instances we have noticed needles one or two mm. in length ad¬ 
hering to the stirring rod in the beaker. 
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contained phosphorus. The yield was about 1.5 grams. Upon analysis 
two samples gave, respectively, the following results: 

C *= 49 - 44 » 49-03%; H = 6.27, 6.39%; P = 0.31, 0.29%; Acetyl value 44.44 
The acetyl values were obtained by dissolving a weighed amount in 50 
cc. of methyl alcohol; 50 cc. of N/io sodium hydroxide were tlien added, 
allowing the solution to stand over night and titrating with AVio acid in 
the morning. 

The ethereal solution, mentioned above, was washed with ice-cold 
sodium bisulfite solution, with ice water, with sodium carbonate solution, 
and again with ice water. It was then dried over calcium chloride and 
evaporated in vacuo. It left a very small amount of a brown syrup, 
insoluble in ligroin, and soluble in alcohol. So far, no crystals have been 
obtained from the syrup. 

Action of Acetyl Chloride on Invertasc. —Invertase was also treated 
with acetyl chloride, but even at boiling temperature there was very little 
action. This was to be expected from the behavior of acetyl halides on 
other carbohydrates. 

Action of Acetic Anhydride and Sulfuric Acid on Invertase. —Ihxit grams 
of invertase, dried in vacuo at 55°, w^ere heated on a water bath with 50 
cc. of acetic anhydride, to which 0.5 cc. of concentrated sulfuric acid had 
been previously added. In a short time, the mixture dissolved completely 
with slight darkening. The crude acetyl derivative was precipitated in 
light yellow flocks by pouring it into a mixture of one part gasoline and 
four parts of ether. These were redissolved in hot alcohol, boneblacked, 
filtered and allowed to cool, w^hen the acetyl derivative usually separated 
as a snow white amorphous solid; but in one or two instances, we noticed 
needles i or 2 millimeters long adhering to the stirring rod in the beaker. 
It was ver}’^ hydroscopic, soluble in acetone, ethyl acetate, hot alcohol, 
chloroform, slightly soluble in cold alcohol, insoluble in ligroin, gasoline, 
and ether. It melted with decomposition at 184-198°. 

Analysis of two samples gave the following results, respective!}': 

Acetyl value = 42.5, 42.5%; P == 0.25, 0.28%; no N.‘ 

To investigate the natmre of the monosaccharides occurring in this 
acetyl derivative, two grams of the above acetyl derivative were hydrolyzed 
for 12 hours with 300 cc. of 5% sulfuric acid, neutralized with barium 
hydroxide, the excess of barium removed witli CO2, filtered, evaporated 
to small bulk, cooled, phenylhydrazine acetate added, allowed to stand 
24 hours in cold, filtered on weighed Gooch, and the crystals washed witli 
cold water. Two grams of acetyl invertase gave 0.8612 gram mannose 
hydrazone = 0.5741 gram mannose = 28.7% mannose. The filtrate, 

^ Of the many samples of this acetyl derivative examined, all values for phosphorus 
were between these two values except one which was 0.73%. As there seemed no 
error in the determination this result is given. 
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after heating on the water bath, gave a test for glucosazone. Time did 
not permit direct determination of glucose content, or testing for other 
monosaccharides. 

The above series of experiments show that not only the polysaccharide 
in invertase contains phosphorus, but also the acetylated compounds 
derived therefrom. 

This very interesting fact, that the phosphorus is combined with a 
polysaccharide, brings out another class of naturally occurring compounds, 
the phosphorized polysaccharides. Ford has stated^ that it is very difficult 
to obtain starch free from phosphorus, and Kiliani® has noted the same 
fact about inulin. Perhaps these substances in their naturally occurring 
state are also partially phosphorized polysaccharides. While the acetylated 
polysaccharide contains almost the same per cent, of phosphorus as the 
original gum by allowing for the 44% acetyl, the phosphorus content of 
the polysaccharide itself has been almost doubled, showing that part 
of the polysaccharide has been split oflF by the acetolysis, and it is probably 
this part that goes into the ether solution. 

The Chemical Constitution of the Nitrogenous Constituents, 

O’Sullivan and Tompson fractionally .separated their invertase into 
a series of seven substances which they called “invertans.” The first 
member contained 8.35% nitrogen but was low in carbohydrates, while 
the last member contained only 1.05% nitrogen and had a high carbo¬ 
hydrate content. From the member high in nitrogen they isolated a 
nitrogenous substance, after removing the carbohydrates by precipita¬ 
tion with alkaline copper solution, and found it to be a protein (nitrogen 
14%) identical with the protein in yeast itself. Furthermore, they con¬ 
cluded that the invertans consisted of various amounts of carbohydrates 
and this protein. 

Wroblewski, as previously stated, claims to have salted out a very ac¬ 
tive protein from a Merck’s preparation of invertase by means of ammo¬ 
nium sulfate. He gives no analysis, but seems to rely on biuret and Millon 
tests as an evidence for its being a protein. In this laboratory, it has 
been found impossible to salt out the protein in this manner. Nearly 
all the other investigators were unsuccessful in isolating any substance 
which, upon analysis, had a sufficiently high nitrogen value to be a protein. 
Moreover many were led to doubt the protein character of this constituent 
because of the weak biuret, Millon, and xanthoproteic tests. 

Hafncr® attempted, but failed, to isolate the nitrogenous constituent 
by hydrolysis of invertase with 2^/2% sulfuric acid, and subsequent 
precipitation of the nitrogenous substance with phosphotungstic acid. 

^ /. Soc. Ckem, Ind,, 23, 414 (1904). 

® Ann ,, 305, 147 (1888). 

^ Z . physiol. Chem,, 43, i (1904). 
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It was found that, before hydrolysis, a 10% solution of invertase was 
not precipitated by any of the ordinary protein precipil ants, while after 
hydrolysis with sulfuric acid and neutralization with barium carbonate, 
copious precipitates were obtained with phospho-molybdic acid, phospho- 
timgstic acid, mercuric acetate, and mercuric chloride. This indicates 
that in tlie original invertase the nitrogenous or protein part is either 
combined with the carbohydrate or the latter acts as a protective colloid. 
In either event, the properties of the protein are effectually masked in 
the invertase. 

The following series of experiments was made to determine the concen¬ 
tration of sulfuric acid to be used and the time necessary for this hydrolysis, 
in isolating the nitrogenous substance: Five grams of invertase were 
placed in each of four Erlennieyer flasks with 50 cc. of 20, 10, 5 and 2 V2% 
sulfuric acid, respectively, and immersed in a water bath kept at 100® C. 
At two-hour intervals, two samples of five cc. each were pipetted from each 
flask, and cooled to room temperature. To one, 5 cc. of a 10^,^ solution 
of phosphotungstic acid wctq added, the other was neutralized with sodium 
hydroxide and then added to an equal volume of Fehling’s solution. 


^ Precipitate with phospbotungstic Precipitate with Kehling j> solution 


Per rent. 2 hrs 

4 hrs 

6 hrs 

8 hrn 

2 hrs 

4 hrs 

0 hrs 

8 hrs 

20 

heavy 

heavy 

heavy 

very 

none 

none 

none 

none 




brown 

brown 





10 

heavy 

heavy 

heavy 

heavy 

none 

none 

none 

none 




yellow 

bi own 





5 

slight 

moderate heavy 

heavy 

heavy 

moderate 

none 

none 

2V2 

very 

slight 

moderate moderate heavy 

moderate modciate moderate 


slight 


The above results show that four hours’ hydrolysis with a sulfuric 
acid gives the best results. 

Twenty grams of invertase were hydrolyzed four hours with 200 cc. 
of 10% sulfuric acid at 100°. The solution w^as then filtered from a 
slight amount of insoluble matter, cooled, and phosphotungstic acid added 
until no more precipitate collected, the precipitate w^as filtered, and washed 
with 10% sulfuric acid. The precipitate was then boiled for an hour or 
so with an excess of barium hydroxide solution, the precipitate of barium 
sulfate and barium phosphotungstate filtered off, the filtrate saturated 
with CO2 to remove barium, solution filtered, evaporated to small bulk 
(5 cc.), filtered from a slight amount of barium phosphotungstate, and 
then added to three volumes of absolute alcohol; a flocculcnt precipitate 
settled out. This substance was quickly filtered on a platinum Gooch, 
washed with absolute alcohol and ether and weighed. Yield, about 0.25 
gram. The yield was not always as satisfactory. This was due to the 
difficulties involved in the method, and also to the fact that a quantity 
of the protein itself was probably hydrolyzed in tlie preliminary treat- 
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ment. * This protein was soluble in water, not coagulated either by heating 
or hydrochloric add, was precipitated by phosphotungstic acid, and gave 
a very strong biuret reaction. It gave no test for phosphorous after di¬ 
gestion with nitric acid, etc., and no reduction or precipitate with Fehling's 
solution. It is extremely hydroscopic. 

0.0534 gram gave 6.6 cc. N at 25® and 757 mm. = 13.7% N. 

Another sample from a different invertase gave: 

0.0063 gram gave 0.6 cc. N at 26® and 765 mm. =* 10 7% N 

Due to the small amount of sample the latter value is not as trustworthy 
as the former. 

In another experiment 20 grams of invertase were hydrolyzed for four 
hours with 10% .sulfuric acid, the resulting solution neutralized with barium 
carbonate, filtered, evaporated to half bulk, mercuric acetate added in¬ 
stead of phosphotungstic acid, the flocculent precipitate filtered, washed, 
decomposed with hydrogen sulfide, solution filtered from the mercuric 
sulfide, evaporated to about 5 cc., and precipitated with absolute alcohol. 
A heavy flocculent precipitate was obtained which gave no reduction with 
Fehling's solution, and no test for phosphorus, but showed a strong biuret 
reaction. The yield was very poor. 

Analysis: 

0.0519 gram substance gave 4.8 cc. N at 26® and 757 mm. « 10 2% N 

This result is probably low because it was impossible to separate all 
the barium carbonate from the protein. 

Assuming all the nitrogen to be protein, only about 10% of it could be 
isolated by either the phosphotungstic acid or mercuric acetate methods. 
This is probably due to experimental difliculties. Still, it is impossible 
to say that all of the nitrogen in invertase is protein in character. Although 
a great number of experiments were made, testing the presence of purines, 
pyrimidines, and volatile bases, no evidence was obtained that any of the 
nitrogen was other than protein in character. 

Salting out Experiments after Partial Hydrolysis ,—After the hydrolysis 
with 10% sulfuric acid, and neutralization with ammonium hydroxide, 
small amoimts of a gelatinous precipitate were obtained with ammo¬ 
nium sulfate, magnesium sulfate and zinc sulfate, although before hydrolysis 
these salts gave no precipitate. These precipitates, when filtered, gave 
strong biuret reactions. The filtrates, however, also gave good biuret 
reactions, showing that all the protein is not salted out by these reagents. 

Twenty grams of invertase were hydrolyzed with 10% sulfuric acid 
under the same conditions as above, and were then placed in collodion 
bags and dialyzed for thirty-six hours in running water. At the end of 
that time, the contents of the bags were tested for protein, but gave nega¬ 
tive results, showixzg that all the protein had dialyzed* 
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The Action of Enzymes on Invertase. —^Wroblewski^ showed that invertase 
was not destroyed by the action of trypsin, and Mathews and Glenn 
found that the gum was not digested by diastase. Similar results were 
obtained in this laboratory with ptyalin and pancreatic amylase. They 
were allowed to stand in contact with the gum from invertase over 12 
hours, and at the end of that time no reduction with Fehling’s solution 
could be noticed. Castor bean lipase also gave negative results. 

The authors wish to take this opportunity to express their thanks and 
appreciation to the Jacob Ruppert Brewery, New York City, for furnishing 
such ample amounts of pressed yeast. 

Columbia Univbrsity. Nkw York City. 
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THE PICRATE COLORIMETRIC METHOD FOR THE ESTIMA¬ 
TION OF CARBOHYDRATES. 

Bv WiLUAM M. Dshn and Frank A. Hartman 
Received November 7. 1913. 

The quantitative estimation of sugars and other carbohydrates in¬ 
volves the use of the polarimeter or the oxidizing power of copper solu¬ 
tions; as yet no accurate application of colorimetric methods^ has been 
made to carbohydrates. 

The method herein described depends upon the formation of a red-to- 
brown color when solutions of sugars are heated with sodium carbonate 
solutions of picric acid. These colors were first described by Braun;® 
other observers were Johnson® and Chapman.® All these investi- 

' J. prakt, Chem., 64, i [1901), 

* Dubrunfaut devised a method for estimating glucose by comparing the color 
developed by treating sugar solutions witli alkali. Heller (Archiv., i, 212; 4, 310; 
Z. anal. Chent., 28, 650; DetU med. IVochschr., 1888, 451) made modifications of this 
metliod. Neitzel (Chem. Ztg., 1894, Rep. 93; Z. Rubenzucker’ind., 1894, 221; used a 
modification of Molisch reagent {Monatsh., 7, 198). Johnsoh (Z. anal Ghent., 23, 
lii; Brit. Med, J., 1883, 504; Pharm. J. Trans., 54, 24; Deut. med. Wochschr., i888, 
451» 479; Pharm. Prax„ 1880, i, 103) used picric acid and potas.sium hydroxide. 
Autenreith and workers (Munch med. Wochsch., 57, 1780; 58, 899; 59, 689) oxidized 
by Bang's solution (Biochem. Z., 2, 271; 32, 443) and estimated colorimetrically the 
unchanged copper. Jarvinsen (Z. anal. Chem., 52, 14) makes use of Almen> 
Nylander's reagent (Ibid,, 9, 494; Z. physiol. Chem., 50, 36; Biochem. Z., 16, 489). 
For other applications of colorimetry to carbohydrates see Neitzel, Z Spiritusind., 
20, 163; Ruini, Gazz, chim. ital., 31, 445; Lyons, Pharm. Rev., 20, 155; Dennstedt and 
Voigtlander, Forschungsb. U. Lebensmitlel, 2, 173; Ambuhl, Chem. Ztg., 19, 1508. 

»Z. Anal. Chem., 4, 185; Chem. Zentr., 1866, 219; 1874, 825; J, prakt. Chem., 96, 
412. Braun mentions that glucose, fructose and lactose give these colors 

* Z. physiol, Chem., 10, 391. 

* Pharm, J. and Trans., 54^ 24. 

* Analyst, $ 4 * 475. 
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gators used caustic alkalies instead of sodium carbonate, hence the colors 
obtained resulted not only from the reduction of picric acid by the sugars, 
but also from the caramelization of sugars by the alkali.^ This latter 
effect is entirely avoided in the use of sodium carbonate. 

Braun states that picramic acid is formed in these reactions. In the 
reduction of alkaline solutions of picric acid by creatinine, Chapman* 
holds that three stages of reduction are involved, i. e., one, two, or three 
nitro groups are transformed to amino groups. We have observed that, 
whereas aldehydes, ketones, keto acids, creatinine, etc., give with alkaline 
solutions of picric acid a red color which usually is dissipated by an excess 
of the substance, the picrate product of reduction by sugars varies with 
increasing concentrations through yellow, red, browm to black, and is 
permanent, except toward light, in the presence of an excess of the sub¬ 
stance oxidized. 

Since the color"* does not match closely with the colors of solutions 
of ferric acetate,^ potassium bichromate, or r>-nitrophenolate, we have 
adopted the color of the sugar-picrate solution itself ^ as the standard of color 
and thus, of course, obtain absolute identity of color. 

Molecular equivalents of any available pure sugar, as sucrose, lactose, 
or glucose, may be used to make up the standard color solution. vSince 
sucrose is anhydrous and can be obtained both cheaply and in tlie pure 
form, it is the best. However, since in the determination of the respec¬ 
tive sugars, as for instance lactose and glucose, a reference to a particular 
sample -of sugar may be desired, such sample may be made the standard 
with equal ease. 

For convenience of calculation the solution UvSed is best prepared so 
as to be read directly as anhydrous monosaccharide. Thus, for instance, 
to be equivalent to one gram of anhydrous glucose, the following quantities 
of other sugars® mUvSt be used: 

* Chem, Zentr.f 1847, 623; Lancet, 25, Sept., 1844; Chem Zt^., 1901, Rep, 209; 
Miinch. med. Wochschr., 1906, 1309, 

* Chem. News, 100, 175; Brit. Med. Dec. 12, 1908. 

* When an excc.ss of glucose wa.^ heated with the picrate solution, afterwards 
cooled and then treated with dilute sulfuric acid, an amorphous precipitate was formed. 
It was filtered, washed with water, redissolved in alkali Jind reprecipitated by sul¬ 
furic acid. After washing first with water and then with alcohol, it was dried in a 
vacuum desiccator over .sulfuric acid. Thus prepaied, the substance was brown- 
black and did not melt at 270®. Since 4,6-dinitro-2“aminophenol melts at 169° and 
2,6-dinitro-4-aminophenol melts at 170®, the substance cannot be either of these. 
Since the alkaline salt of triaminophenol gives, with ferric chloride, a violet color, while 
this ^uh.stance does not, it cannot be the triamino compound With hot water the sub¬ 
stance yields a difficultly soluble black residue and an easily soluble brown solute, 
hence it must be a mixture. Its composition will be investigated later. 

* Johnson, Pharm. J. and Trans., 54, 24. 

* For the preparation of pure sugars from commercial samples, see the following; 
Sucrose, This Journai^, 23^ 6x; U, 5 . Bur, Chem, Bull., 73, 58; Glucose, Munson and 



PICRATE method POR ESTIMATION OP CARBOHYDRATES. 405 

Sucrose.. 0.950 

Glucose monohydrate. 1 100 

Lactose monohydrate. r. ooo 

Lactose (anhydrous). 0.950 

Lactose (V2 mol ILO)’. o 975 

The picric acid solution is so prepared that it contains two grams of 
the acid and four grams of anhydrous sodium carbonate per liter; thus, 
in the color standard, twice as much picric acid as sugar is used. An ex- 
ce.ss of picric acid is necessary not only to insure conijilete oxidation of 
the sugar, but, as observ’^ed by Chapman, to prevent the formation of 
colorless reduction-prodnets of the picric acid. On the other hand, too 
large an excess is to be avoided since it has an effect on the colorimetric 
reading. 

Sodium carbonate, instead of sodium hydroxide,*-^ is used because it 
avoids both the hydrolytic and the decomposing effect of the latter. 
In using the same concentration of different carbohydrates and treating 
under identical conditiems, we have found that: (i) sodium carbonate 
solutions of picric acid at room temperatures give no increased color 
with carbohydrates, even after weeks’ standing, excei>t in the case of 
fructose, which slowly darkens; (2) on boiling, all sugars except sucrose 
and raflinose develop color immediately, with sexlium carbonate solutions 
of picric acid; (3) sodium hydroxide solutions of picric acid, at room tem¬ 
perature, slowly develope color with all sugars and many other carbo¬ 
hydrates. 

Preparation of Solutions. 

(A) The pier ate solution is prepared as described above. 

(B) The standard color solution is prepared as follows: Dissolve 0.95 
gram of pure cane sugar in about loo cc. of water contained in a 500 cc. 
casserole and add 5 cc. of concentrated hydrochloric acid.® Heat on the 
water bath 15 minutes, dilute and cool, add an excess of sodium carbonate 
solution and icxj cc. of the picratc solution. Boil for 5 minutes after the 
color begins to develop and dilute to one liter. The color of this solution^ 

Walker, This Journai., 28, 667 ; Laitose, Lippman, Die Chemie der Zuckerarten , 3 Aufiage, 
1526; Walker, This Journal, 29, 541; Maltose, Walker, Ibid., 29, 542; also see 
Ibid., 34, 326. 

^ See This Journal, 29, 54. 

* For the effect of alkalies on sugars, see especially: Benedict, J bio! Chem., 3, 
loi; 5, 485; Kendall, This Journal, 34, 317; McLean, Biochem. J., 2, 156; Jolle, Z. 
Nahr, Genussm, 20, 631. 

* For the hydrolysis of cane sugar, sec Wiley’s Agricultural Analysis, Vol.' Ill, 
105-107; Bomtrager and Samelson, Z, angcw, Chcni., 1892, 334; 1893, 690; 1894, 267. 
351; Munson and Walker, This Journal, 28, 667. 

* This 0.1% solution of reduced picrate possesses nearly the same coloi and in¬ 
tensity of color as a 3% solution of potassium dichroraate; it is nearly 30 times as 
intensely colored as the dichromate. 
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is equivalent to that produced by i gram (o.i%) of anhydrous mono¬ 
saccharide per liter. This solution is too concentrated for use in the 
colorimeter; loo cc. of it should be diluted to one liter (o.oi%). For the 
“bottle standards** described below, however, it is the most convenient 
starting solution. 

General Method of Manipulation,. 

Carefully weigh out approximately one gram of the carbohydrate 
or mixture of the same containing no interfering^ substance. The monosac¬ 
charides, lactose and maltose react directly when heated with the picrate 
solution; hydrolyze sucrose and raffinose by adding 5 cc. of concentrated 
hydrochloric acid and heating for 15 minutes on tlie water bath. Neutralize 
with sodium carbonate solution and make up to one liter in a volumetric 
flask. Run exactly 10 cc. of this solution into a 100 cc. volumetric flask, 
add 10 cc. of the picrate solution and heat on the sand bath so that the 
solution boils for 5-10 minutes. Cool and add water to the 100 cc. mark. 
Place this solution in a standard colorimeter cylinder and adjust its depth 
to any depth of the standard color solution contained in the other colorim¬ 
eter cylinder. 

Calculation ,—Divide the reading of depth of solution in the color- 
standard cylinder by the reading of depth of solution in the other cylinder 
and multiply by the weight of substance taken and the quotient^ is grams 
of anhydrous monosaccharide per liter. The following table gives the factors 
necessary to convert to the other sugars or their hydrated forms: 


Carbohydrate Formula. Mol. wt. Factor. 

Rharanose. CeHuOft 164.096 0.9111 

Glucose_. C6 Hi20j.H 20 198.112 i. i(xx) 

Glucose. CeHiiOe 180.096 i.ooocj 

Galactose. C6Hi20fl 180.096 i.oooo 

Mannose. CeHuOe 180.096 1.0000 

Fructose. CeHiaOi 180.096 i.oooo 

Maltose. ... C12H22O11.H2O 360.192 i.oooo 

Maltose. Ci2H220ii 342.176 o. 9500 

Lactose. C12H22OU.H2O 360.192 i.oooo 

Lactose. Ci2H220ii 342.176 0.9500 

Sucrose. C12H22OU 342.176 o.95<i>o 

Raffinose. Ci8Hj20i6-5H20 594*336 i. 1000 

Raffinose. CisHssOie 540.288 1.0000 


* The color of certain solutions, as of syrups, molasses, urine, etc., interfere; also 
polyphenols, aldehydes, ketones, purine bases, etc., will reduce the alkaline picrate 
solution. A systematic survey of compoimds treated with alkaline picrate solution 
wOl be given later. 

* It must be remembered that both the color standard and the unknown were first 
dissolved in one liter, then diluted to one-tenth concentration. If other dilutions of 
the color standard are used, the decimal point must, of course, be altered accordingly. 
In case of a low percentage of sugar in the unknown and when about i gram is used, 
it will be advantageous to dilute only to one liter. 
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Example ,—^When 1.0200 grams of a sample containing lactose and some 
indifferent substance was treated in the above-described manner, a read¬ 
ing of 25.5 mm. in the colorimeter cylinder was exactly matched by 20 
mm. depth of the standard color solution contained in the other cylinder. 
That is 20/25.5 of 1.0200 is equal to 80% of anhydrous monosaccharide 
and this multiplied by 0.95 (see table) gives 76% of anhydrous lactose 
in the original sample. 

Colorimeters and a Proposed Substitute ,—Of coiuse, any of the types 
of colorimeters may be used but Duboscq*s is especially to be recommended. 
In the absence of a colorimeter, bottles of clear glass and of the same size 
and shape may be used. vSquarc bottles of about 40 mm thickness and 
60 cc. capacity are especially convenient, though nearly any uniformly 
shaped and sized bottle may be used. 

From the standard color solution prepared as described above, solutions 
of the following percentage-concentrations are prepared. 


0,1 

0.09 

0 08 

0 07 

0 

06 

0 

^>5 

0 

04 

0 

0? 

0 


0 01 

0 009 

0 008 

0 007 

0 

006 

0 

fx >5 

0 

004 

0 

003 

0 

0<)« 

0.001 

0 ocxx; 

0 0008 

0.0007 

0 

()Oo6 

0 

t)005 

0 

tKX>4 

0 

IX > 0 ^ 

0 

0(K>2 

0 0001 

0.00009 

0.00008 

0 CKKK)7 

0 

oooof> 

0 

00005 

0 

0fx)04 

0 

00003 

0 

CKX)0 


Since concentrations above 0.05% in tlie 40 mm. bottles ar(‘ nearly opaque 
and below 0.0005% ^^e nearly the same in color as the picrate solution, 
only “bottle standards’* from 0.03%. to 0.0005% be prepared, that 
is, only seventeen in all, a task that need not consume more than two 
hours of time. 

To use these “bottle standards,” the carbohydrate of unknown concen¬ 
tration is treated as described above and its colored solution is placed 
in a bottle of the vsame size and shape as tlie color standard bottles, a little 
of the solution being first used to rinse out the bottle. A comparison 
is then made witli the color standards, the bottles being placed on white 
paper and viewed from some distance. Viewing the bottles with nearly 
closed eyes Md from distances of six or more feet is recommended, not 
only as involving no eye-strain but as enhancing the vsensiliveness of read¬ 
ing. Attention is called to tlie fact that when the colors of the unknown 
and the standard appear identical if viewed transversely, a viewing of the 
same longitudinally will often show a difference. With a little practice 
the matching of the unknowui with the standard ma)’ be made in a few 
moments. 

Theoretically, in viewing two or three bottles m tandem and alongside 
of the bottle containing the unknown, any decimal of concentration from 
0.05 down to 0.0005 niay be read. In practice, to detennine the concen¬ 
tration of the unknown, only one bottle standard or two in tandem are 
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matched against the unknown. This results from the following condi¬ 
tions: (i) a finer reading is unnecessary for most analytical purposes; 
the digits indicating the concentrations give readings as parts per 10,000, 
100,000 or 1,000,000; (2) in accordance with Weber's law of sensation, 
the e5re is not sensitive^ to all differences of concentration, especially 
in the upper part of a series. 

Durability of the Color Standards. —vSince the color standards are not 
strictly proof to sunlight they should be kept in tlie dark when not in use, 
However, the following data show that their rate of deterioration is slow. 
Series (A) was freshly prepared; series (B) was kept for twenty days in 
summer sunlight. 


A. 

B. 

A. 

B. 

A. 

B 

A 

B 

0 070 

0.080 

0 020 

0.033 

0.008 

0 013 

0 CKXX) 

0 (K)I5 

0 060 

0.070 

0 018 

0 030 

0.007 

0 012 

0 <xx)8 

0 UOI2 

0.050 

0.060 

o.oi6 

0 025 

0 006 

0.010 

0 0007 

(> txxx; 

0.045 

0 060 

0 015 

0 023 

0 005 

0 cx)8 

0 (xk)6 

0 0008 

0.040 

0.055 

0.014 

0.020 

0.004 

0 006 

0 OOC35 

0 ocxj6 

0.035 

0.050 

0.012 

0.018 

0 003 

0 0044 

0.0004 

0 otxJ5 

0.030 

0.045 

0.010 

0.016 

0 002 

0 0030 

0.0003 

0 cxx)4 

0.025 

0.035 

0.009 

0.015 

0 001 

0 0016 

0 0(X)2 

0 0 <.K >2 


It will be observed that to match the respective concentrations of 
(A), invariably greater indicated concentrations of (B) were necessary, 
hence, with very old standards the analytical data will be too high. It 
is recommended that a stock solution of the color solution (o.i^/^;) be 
prepared and preserved in the dark; from it new “bottle standards" may 
be prepared when necessary. 

Colorimetric Readings by Artificial Light. —As is well known, the judging 
of shades of color by artificial light leads to error, especially in the case 
of yellows. Reds and browns are little liable to such error, hence the 
upper part of the color-standard series (the 0.05% to 0.0005% part recom¬ 
mended above) is adapted to use in artificial light. This is true for the 
reasons not only that the reds and browns are persistent but that the yellow 
of the excess of picrate solution, theoretically, at least, a disturbing in¬ 
fluence, is reduced to nil in such light. 

Accuracy of the Method. —Equal concentrations (0.1%) of the following 
carbohydrates were prepared and preserved with toluene: the polysac¬ 
charides were finely divided, suspended in water and shaken thoroughly 
before being measured out. Each was treated with the picrate solution 
in the manner described above and finally diluted to 0.01% concen¬ 
tration. 

^ For discussion of variable sensitiveness in colorimetry see Horn and Blake, 
Am. Chem. 35, 253; 36, 195, 516. 
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Carbohydrate. 

MoU HsO. 

Standard. 

Calc cone. 

% error. 

Glucose. 


O.OI 

O.OI 


Fructose. 


0 01 

0 01 


Galactose. 


O.OI 

O.OI 


Mannose. 


0.01 

0 01 


Rhamnose. 

. I 

0 01 

0 Old 

1.00 

Maltose. 

... I 

0 0094 

0 cx)9895 

* 05 

Lactose. 

I 

o.ix>95 

0 01 


Sucrose. 





Sucrose (hydrolyzed) 


0.0105 

0 009974 

0 26 

Raffinose. 

. . 5 




Inulin. 





Dextrin. 


0 002 

> 

> 


iMCtose in Milk ,—Measure out 10 co. of milk and run it into a 250 cc. 
volumetric flask with 50 100 cc. of water and i cc. of 50%, sulfuric acid. 
Heat on the sand bath until flocks of casein separate or until the mixture 
boils. Cool and add water to the 250 cc. mark. Pour upon a dry filter 
and, by means of a graduated pipet, take 6.25 cc. of the filtrate and run 
it into a 250 cc. volumetric flask. Add 2 3 volumes of water, an excess 
of sodium carbonate solution, and 10 cc. of the picrate solution. Heat 
on the sand bath five minutes after the color begins to develope. Cool 
and dilute to the 250 cc. mark. IJstimate the color by the colorimeter 
or by means of the bottle standards. P^or the latter, rinse the bottle 
with some of the solution, then fill and compare with bottle standards. 
Multiply the percentage marked on the bottle standard by 1000 as the 
percentage of lactose in the milk. 

Advantages of the Method .—A speedy and accurate colorimetric method 
for mo.st carbohydrates is introduced. 

Only one oxidizing solution, the picrate solution, is necessary and it is 
cheap, stable, easily prepared and need not be strictly quantitative. 

The oxidizing solution is alkaline with sodium carbonate, avoiding sec¬ 
ondary reactions on sugars produced by caustic alkali. 

With the use of the bottle standards, the method is not only inexpensive 

but is easily within the reach of all working chemists. 

Skattl«. Wash. 


[Contributions from the Ciikmical Laboratory of thf; Univkristy of Wash¬ 
ington . ] 

A COMPARISON OF VARIOUS PRESERVATIVES OF URINE. 

By Wu.i,xam M. Dbhn and Frank A. Hartman. 

Received November 7 , 1913 

In certain studies on normal urines, incurring the collection and keeping 
of hundreds of liters, the necessity of using a non-volatile preservative 
compelled us to test a number of reagents to determine their preservative 
power. 
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The ideal preservative for urine requires continuous conformity to the 
specifications (i) of being neutral or acidic and non-volatile, (2) of having 
dBScient antiseptic power, (3) of being free from hydrolytic or other chem¬ 
ical effects on the organic components of urine and (4) of avoiding inter¬ 
ference with reactions involved in the ordinary analysis of the urine. 

Though no single preservative meets all of these requirements, a few 
approximate the same. However, it is scarcely to be expected that a 
solution so complex as mine, containing so many organic and inorganic 
compounds, held in acidic-basic, hydrolytic, precipitative, and oxidative 
equilibria, can be maintained indefinitely in its original composition. 
It is rather to be expected that one preservative will be effective with 
certain components of the mixtme, while another preservative must be 
used for others. Hence a variety of preservatives must be studied and 
their modifying influences must be noted. 

For om purpose sulfuric acid was finally adopted, but om studies led 
us so far afield that we determined to make a systematic smvey of pre¬ 
servatives of urine, of which the following is of the nature of a preliminary 
report. This undertaking was further justified not only by the the fact that 
only a little work has been done, at least in a comparative manner, on pre¬ 
servatives of urine, but also for the reason that profound chemical changes 
resulted when urines were preserved with sulfmic acid and other reagents. 

In the first set of experiments a quantity of mine, to which dextrose 
had been added, was hermetically sealed in flasks with the respective 
preservatives; the second set was put up in glass-stoppered bottles; all 
the samples were in 500 cc. volumes. After certain times the changes 
that resulted were* observed (i) directly, (2) microscopically and (3) 
through chemical analysis. 

Direct observation diowed that all samples became cloudy or yielded 
precipitates on standing. Thymol remained clear the longest; the others 
gave cloudiness or precipitates immediately or after days, inversely in 
the order of formaldehyde, ether, toluene, hydrochloric acid, chloroform, 
etc. The following developed mold: hydrochloric acid, hydrogen peroxide, 
formaldehyde, boric acid and strychnine sulfate. 

Microscopical examination showed that bacteria were present in all 
samples, and in large numbers, except in cases of hydrochloric acid and 
formaldehyde. Urate crystals were present in the sediments of all samples, 
but seemed to decrease in volume after many days in samples containing 
mold, especially in the case of hydrogen peroxide. All the urines, except 
those treated with strychnine sulfate, formaldehyde, toluene, thymol 
and sodium benzoate, being acidic in reaction, gave sediments containing 
calcium oxalate but no triple phosphate; the latter urines being alkaline 
gave both, except in the case of sodium benzoate which gave neither. 

In the following tables are given tibie chemical data as percentages* 
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* The numbers in the headings of these tables indicate days. 
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The total phosphate was determined by the uranium acetate method; 
the glucose by Purdy’s method; the ammonia and creatinine, by Folin’s 
methods; the uric acid, by Rulicmann’s method;^ the urea and chlorine, 
by Dehn’s methods;^ and the total reduction of alkaline picrate by boiling 
and estimating colorimetrically.'* 

These analytical methods, except for phosphates and for chlorine, are 
subject to criticisms. The determination by Purdy’s solution includes 
other oxidation-reactions besides glucose; the aeration of alkaline urines 
yields other volatile bases besides ammonia; the development of color 
in cold as well as hot alkaline solutions of picric results from other sub¬ 
stances besides creatinine; and with hypobromite, nitrogen is evolved 
from ammonia as well as from urea. We have corrected for ammonia 
in the urea reading by multiplying the percentages of the former by 1.75 
and subtracting this from the percentages of the latter. 

Though some of these methods are known to be somew^hat inaccurate, 
for our purposes, being rapid and applied under the same conditions, 
they give valuable and comparable data. 

Observations drawn from the above tables of data arc made upon (i) 
abnormal indications, (2) effects upon the respective components of urine 
and (3) estimates of the respective preservatives. 

Abnormal IndicationsThe most important abnormal indications are 
such as are produced on the analytical data by the preservatives them¬ 
selves. These are marked in the tables with the asterisk, at least those 
that are very apparent and whose causes are evident are so marked. 
However, it must be remembered that an apparent increase of concentra¬ 
tion, owing to quantitative disturbances by the preservative, may be 
compensated by the loss of material, owing to fermentation and other 
causes. Therefore, w^hen both factors are operative, the apparent reading 
of concentration may be abo^’e, equal to, or below the original concentra¬ 
tion, but is invariably above the true concentration. 

Since chloroform yields formic and hydrochloric acids by hydrolysis 
after standing, its presence vitiates chlorine and glucose determinations. 
Other preservatives that destroy the accuracy of glucose are gallic acid, 
phenol, salicylic acid, formaldehyde,^ hydrogen peroxide, and thymol.^ 

' Bert, klin, Wochsch,, 1903, Nos 2 and 3; Deut. rued. Z , 1903, No. 8; Med Woch., 
X904, No. 3. 

2 Z. anal. Chent., 44, 604; Z. physiol. Chem., 44, n. 

* We have found that hot alkaline solutions of picric acid develops color not 
only with creatinine but also with glucose, uric acid, other purine bases, acetone and 
acetoacctic ester. Wc are investigating the possibilit> of application of this reaction 
to the analysis of urine. See preceding article. 

* For the effect of formaldehyde on Fehliiig’s solution see Rudd and Bolenbaugh, 
Proc. Virginia Chemists’ Club, 220. 

•For the effect of thymol on acetone .see Welker. J. BioL Chotn.f 27, N. F. 

Med. 86, 552. 
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Since thymol also absorbs iodine and reduces alkaline picrate solutions, 
its presence will effect not only the glucose, but also the uric add and 
creatinine determinations. Owing to hydrolysis, sulfuric acid, in dilute 
concentrations, converts creatine into creatinine; in greater concentrations 
sulfuric acid precipitates the creatinine. For these reasons sulfuric acid 
gives the abnormal results indicated above. All concentrations of sulfuric 
acid not only effect the creatinine but precipitate the uric acid and most 
of the coloring matter of urine. 

Adequate explanations of the other high results in the tables are im¬ 
possible at present. 

Changes in Urine ,—The changes possible in urine through aging and 
standing with preser\’^atives are almost as numerous as the components 
of the mixture. Only certain inorganic salts, as for instance sodium 
chloride, seem proof to chemical decomposition. The easiest observed 
changes result from mere cooling, when urates and other substances 
are precipitated. A change in reactivity, as when normally acidic urine 
become alkaline, is accompanied by numerous chemical transformations, 
particularly of the urate, the phosphate, and the creatine-creatinine 
equilibria. For this reason it is evident that an acid preservative most 
often will be the more desirable. 

Important transformations in urine are produced bacterially on glucose, 
urea and other fermentable substances. The enzymes developed are 
chemically hydrolytic, dissociative and oxidative, as evidenced by the 
formation of alcohol, carbon dioxide, ammonia, nitrite and nitrate. Though 
each of the preservatives in the above studied concentrations, undoubtedly 
has inhibitory influence, none has perfect bactericidal power, hence none 
is a perfect preservative. 

Reference to the above data shows very little change in the phosphates, 
except when the reaction of the solution becomes neutral or alkaline; 
a notable exception is the ether sample. The chlorine analyses are xmi- 
formly constant, except when interfered with by such preservatives as 
hydrochloric acid, hydrogen peroxide, and chloroform; why the boric 
acid sample is high is not evident. With glucose the compensating in¬ 
fluence of the preservatives and loss by fermentation are evident in cases 
of chloroform, thymol and gallic acid; probably with phenol, sodium 
arsenite and ether also. Salicylic acid, sandalwood oil and boric acid 
seem best for the preservation of dextrose. With uric acid, the changes 
are apparently great with ether, hydrogen peroxide and sodium benzoate; 
however, it must be remembered that these preservatives, and also thymol, 
interfere with the analysis of uric acid by the uricometer method, thus 
giving rise to the discordant data. 

The ammonia data, as direct estimates of the hydrolysis of urea, are 
probably the best indications of the comparative antiseptic value of the 
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different preservatives, not only on account of the refinement of analysis 
of ammonia but also on account of the non-interference of preservatives 
with its determination. However, it must be remarked, that, although 
vSulfuric acid yields but little ammonia, it transforms, possibly by oxida¬ 
tion, exceptional quantities of urea. 

Considerable uniformity is met with in the analysis of urea, sulfuric 
acid alone seeming to have large destructive effect and formaldehyde 
being next with low results on account of precipitation.^ 

With creatinine there may be either an increase or a decrease of con¬ 
centration. The increase resulting in acidic solutions involves the hy¬ 
drolysis of creatine to creatinine. Since the colorimetric method of 
analysis of creatinine was employed, preser\^atives like thymol, phenol, 
ether, etc., gave too large readings of concentration. The decrease, re¬ 
sulting usually from the alkalinity of the solution, involves a transforma¬ 
tion of creatinine to creatine; a decrease may also result, through pre¬ 
cipitation, as in the treatment with sulfuric acid,^ 

The Respective Preservatives. —(i) Salicylic acid is the best preservative 
of thase studied. This excellence of salicylic acid for urine was described 
by Jordan.® It is of further interest to observe that, finding alkaline 
salicylate to have no reducing or solvent effect on copper, Kendall^ uses 
it instead of alkaline tartrate as the medium for oxidation of sugars. 
Its use, therefore, as a preservative will not interfere with the estimation 
of dextrose in urine by copper solutions. 

(2) Though chloroform preserves urea, and therefore ammonia, it is 
ineffective witli glucose and creatinine.^ 

(3) Thymol, though used frequently as a preservative for urine, does 
not seem to merit the value placed upon it; for, although little sediment 
is formed when it is used, and even if it had considerable bactericidal 
power, which is doubtful, its presence interferes with too many reactions 
involved in urine analysis. Gill and Grindley*^ made extensive studies 
on the preservation of urine by thymol and refrigeration and obtained 
good results for periods up to thirty-two days. However, it is ver>" prob- 

^ Vide infra. 

2 Edlefsen, Mtinck. med. Wochsih , 55, 1615, 25.^4. 

® Biochem. /, 5, 274; Proc Roy Soc. Med. Pkarni. Sec., 5, 26 See also Luchrig 
and Sartori, Pharm. Cenlrh , 49, 934; Dafert and Haas, Anii Chern Mikros , 1908, 
i; H. von Meyer and H. Kolbc J. prakt Chem . 12, 178 

^ This Journai,, 34, 320. 

® The loss of creatinine when chloroform was used as a preseivalivc was observed 
by Benedict and Myers, Am. J. Physiol., 18, 380. vSee also Gill and Grindlev, This 
JouRNAl*, 707* The unsatisfactory presers'^ative power of chloroform for sew'age 
was remarked by Lederet and Hommon. Eng. Record, 62, 319; E -4 m. Pnh Health 
.(bwf., I, 267. 

•This Journal, 31, 695; Hawk and Grindley, Prex. Am. Soc. Bid. Chem., 9, 10 
(I 907 - 8 ). 
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able that the cold and not the thymol was more important in the preserva¬ 
tion of the urines studied. 

(4) Boric acid has little merit^ as a preservative of urine, at least in 
0.2% concentration. 

(5) Ether in large quantities preserves well, but volumetric relations 
are thereby disturbed. 

(6) Formaldehyde cannot be considered a good preservative, because 
it precipitates urea^ and is a reducing substance. 

(7) Hydrogen peroxide (and its stabilizer) interferes with many re¬ 
actions in urine analysis and has feeble bactericidal power. ^ 

(8) Hydrochloric acid has nothing to recommend it as a urinary pre¬ 
servative. 

(9) Toluene preserves uric acid and creatinine well. 

(10) Sodium benzoate is a very poor^ preservative of urine. 

(11) Sodium arsenite is a fair preservative of urine. 

(12) Sodium borate is a poor preservative of urine. 

(13) Strychnine sulfate*^ is a good urinary preservative. 

(14) Sulfuric acid has no value as a general preservative of urine; it 
causes too many reactions of hydrolysis and oxidation and does not 
prevent bacterial change. 

(15) Since many bacteria are phenol-forming,® phenol cannot be ex¬ 
pected to have much preservative power; moreover, it interferes with the 
analysis of many components of urine. 

(16) Gallic acid has no value as a preservative of urine. 

(17) Sandalwood oil, from the limited data given, indicates value as a 
preservative. 

Summary. 

(1) The ideal preservative must be soluble, non-volatile, and neutral 
or slightly acidic. 

(2) Different preservatives must be employed for different purposes; 
no one preservative can prevent the change of all the components. 

(3) The following may be considered poor preservatives of urine: for- 

^ For the feeble inhibitory action of boric acid on diastatic ferments see AguUion, 
Compt. rend., 148, 1340; Ann. inst. Pasteur, 24, 495. For other feeble preservative 
powers see Kuehle, Pharm. Centr., 50, 559; huchrig and Sartori, Ibid., 49, 934, 

® Goldschmidt, Ber., 29, 1896; May, Deut. Arch. kUn. Med., X9<>o; de Jager, Z. 
physiol. Chem., 64, no. For bacterial resistance to formaldehyde, Tiraboschi, II 
poUclin., 15, 39, 40. 

* Croner, Z. Hyg., 63, 319. 

^ For the action of sodium benzoate on bacteria, Herter, J. Hoi. Chem., 7, 59; 
see also, Lucas, Proc. Soc. Exp. Biol. Med., 6,122. 

* For the effective influence of strychnine on bactetia see Scadikow, Centr. Bakt. 
Parasitenk. I Abt., 60, 417. 

* Dobravotski, Ann. Inst. Pasteur, 24, 595. 
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maldehyde, hydrogen peroxide, phenol, boric, gallic, hydrochloric and 
sulfuric acids, sodium borate and sodium benzoate. 

(4) The following are better preservatives: chloroform, toluene, ether 
and thymol. 

(5) The best preservatives are salicylic acid, strychnine sulfate, sodium 
arsenite and probably sandalwood oil. 

SSATTLK, Wash. 

[From the Chemical Section or the Iowa Agricultural Experiment Station.] 

THE EFFECT OF ACIDS AND ALKALIES UPON THE CATALASE 

OF TAKA-DIASTASE. 

By Rav E. Nbidio 
Received December 22 , 1913 . 

It is well known that extracts from plant and animal tissues contain 
catalase, an enzyme capable of decomposing hydrogen peroxide. The 
effect of acids and bases toward this enzyme has been the subject of numer¬ 
ous investigations. In this field, Jacobson^ was the first to note that acid 
caused a retarding effect upon solutions of catalase obtained from blood. 
Later, Senter- made a more exhaustive study of blood catalase, in which 
he determiii(‘d the effect of three acids, namely, hydrochloric, nitric and 
acetic, and also of sodium hydroxide upon this enzyme. From this in¬ 
vestigation he concluded that the time of contact of the acid with the 
catalase solution had very little influence upon the reaction, that there was 
no decomposition of the enzyme during its contact with acid, and, lastly, 
that neutralization of the acid restored the original activity of the catalase. 
Sodium hydroxide, he found, exercised an inhibiting effect similar to that 
of acids. 

As these first two investigators dealt wholly with catalase from blood, 
Euler® undertook an investigation to determine whether or not catalase 
from different sources w^as identical. His work included catalase from 
one of tlie higher fungi, Boletus bcaber. He found an important differ¬ 
ence between the action of acids on the inflibition of the catalase obtained 
from Boletus scaher and that obtained from blood (Senter),* tobacco ex¬ 
tract (Loew),® and yeast (Issaew).® He also observed that freshly pre¬ 
cipitated magnesium hydroxide greatly increavSed the catalytic power of 
the enzyme. In this observation he corroborated the work of Loew,"* 
who noted the same increase in enzymic activity when magnesium hydrox¬ 
ide was added to extracts of tobacco. 

^ Z, physiol. Chem,, 16, 340. 

* Ibid., 44, 257 (1903). 

* Hojm. Beitr,, 7, i (1905). 

* hoc, ciU 

* U. S. Dept, of Agr., Report No. 68. 

® Z, physiol Chem.y 42, 102 (1904). 
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In view of the results obtained by Euler, the writer thought it of interest 
to study the effect of a number of the more important acids and alkalies 
upon catalase obtained from lower fimgi. It has been shown by Bach 
and Chodat^ that cultures of Sterigmatocystis nigra contain catalase. 
Pringsheim* demonstrated catalase in the pressed juice of fifteen out of 
seventeen molds studied by him. Dox* has shown that catalase was 
present in the filtrate of thirty-four out of thirty-five molds which he ex¬ 
amined, and Loew^ observed that the filtrate from Pencillium glaucum 
showed the power of decomposing hydrogen peroxide, and also that the 
commercial taka-diastase, an enzyme preparation of high punty made 
from the fungus Aspergillus oryzae, is also rich in catalase. It occurred 
to the writer that, owing to the high degree of purity of the commercial 
taka-diastase, this enzyme preparation would be an excellent source of 
material to use in a study on the catalase of lower fungi. 

Experimental. 

The methods and apparatus used in determining the strength of catalase 
are numerous and will not be reviewed in detail here. The principle 
on which the methods are based is the determination of the amount of 
free oxygen liberated when a solution containing catalase is brought in 
contact with hydrogen peroxide. This is commonly performed by col¬ 
lecting over water the oxygen given off and reducing the results to o® 
and 760 mm. pressure, or by measuring the amount of pressure developed 
by means of a manometer, and lastly, by titrating the undecomposed 
hydrogen peroxide with a standard solution of potassium permanganate. 

Van Slyke’s amino nitrogen apparatus was used in the determinations, 
and found to be very satisfactory where the enzyme solution is compara¬ 
tively pure. The advantages of this apparatus over many others are: (i) 
its ease of manipulation, and (2) the imiformity of results obtained by 
maintaining a constant rate of agitation during the reaction between eniyme 
and peroxide. That the speed of shaking has a direct influence upon the 
amount of oxygen liberated during a given time was previously shown by 
I/oew and confirmed by the writer in the following experiment: 

To each of two equal portions of enzyme solution in the apparatus were 
added three cubic centimeters of hydrogen peroxide. The total oxygen 
given off was noted at the end of ten minutes: 

(1) with shaking. 33.6 cc. oxygen 

(2) without shaking. 23.5 cc. oxygen 

While shaking the enzyme solution the apparatus averaged 140 oscilla¬ 
tions per minute. The same speed was maintained as nearly as possible 
throughout the following determinations: 

i Ber., 36,1756 (1893). 

> Z. physiol Chem., 62, 386 (1909). 

» This Journal, 32 (Oct., 1910). 

^Loc,'oU> 
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The enzyme solution used in this work was prepared by dissolving 0.625 
gram of the commercial taka-diastase in 100 cc. of water. After filtering, 
ten cc. of this solution were diluted so that, when the required amount of 
acid was added, the total volume of the solution was 15 cc. Throughout 
the work, unless otherwise stated, the time of contact of an acid with the 
enzyme solution was fifteen minutes and at the end of that time the solution 
was diluted with distilled water to 22 cc. and then brought in contact with 
3 cc. of hydrogen peroxide. The volume of oxygen developed was read 
at the end of each minute for a period of ten minutes. As a control ex- 
periment*the same procedure was followed except that the acid was omitted. 
A similar experiment was made to ascertain the effect of neutralization 
of the acid on the enzyme activity after fifteen minutes’ contact with 
the enzyme solution. This was accomplished by adding to the acid solu¬ 
tion the exact required amount of standard sodium hydroxide, then making 
the volume up to 22 cc. and mixing the solution with 3 cc. hydrogen per¬ 
oxide, noting the volume of oxygen developed each minute for a period of 
ten minutes. The tables follow: 


Table I.* 

Effect of 15-Minute Contact with o.iiV H2SO4. 

Time after 0.1 N HaSOi added. 

adding .-*--- 

HtOt ’ Occ. 0.2 cc 0.4 cc. 0.8 cc. 1.2 cc. 1 4 cc 1.6 cc. 

(Minutes.) Oxygen developed 

1 . 9.2 8.6 8.0 4.6 13 trace 0.0 

2 . 159 15.4 140 9-7 3.2 03 00 

3 . 20.7 19.6 18.3 13 8 44 04 00 

4 . 24.5 22.9 21.3 16.6 51 05 00 

5 . 26.6 25.0 23.4 18.6 5.6 o 6 0.0 

6 . 28.1 26.9 25.0 19.9 5.9 0.7 0.0 

7 . 29 4 28.4 26.4 20.8 6.3 o 8 0.0 

8 . 30.3 29,5 27.4 21.5 6.6 0.8 0.0 

9 . 31.X 30.5 28.3 22.0 6.6 08 00 

10. 31.8 31.2 28.9 22.4 6.7 08 00 

Effect of Neutralization of HaSOi after i5*Minute Contact. 

1 . 9.2 9.2 7.9 5.3 1.4 trace 0.0 

2 . 15.9 15.9 14.6 11.2 3.8 0.5 0.0 

3 . 20,7 20.9 19.2 15.0 5.5 i.o 00 

4 . 24.5 23.7 22.4 17.4 6.5 I 2 0.0 

5 . 26.6 25.7 24.6 18.8 7.8 I 5 0 

6 . 28.x 27.7 26.4 20.1 8.3 1.8 00 

7 . 29.4 28.9 27.7 21 I 8.8 2.0 0.0 

8 . 30.3 30.0 28.7 22 o 9.1 ‘ 2.2 0.0 

9 . 31*1 30,8 29.7 22.6 93 2.4 0.0 

10. 31.8 31.3 30.5 23.2 9.5 2.5 0.0 


' All the volumes given in this paper are reduced to o® and 760 mm. pressure. 

* The hydrogen peroxide used contained 3.81% oxygen by weight or 12.54% by 
yolume. 
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The results are illustrated graphically by the following curves: Fig. 
I illustrates the rate of liberation of oxygen during the first ten minutes, 
after 15-minutes contact with hydrogen peroxide and for the various de- 
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Table II. 

Effect of i5-*Minute Contact with o.jN HCl. 
Time after O.l N 1IC1 added 

adding ------ 


HsOt. 

0 cc. 

0.2 cc 

0 4 cc 

0 8 cc. 

1.2 cc 

1 4 cc 

1.0 cc. 

(Minutes ) 

I. 

8 8 

7.8 

Oxygen developed 

7.6 2.5 0 9 

trace 

0.0 

2. 

15 9 

14.9 

I 5 « 

7.2 

2.5 

trace 

0.0 

3 . 

21 .0 

20.0 

20.7 

10.8 

3-6 

trace 

0.0 

4. 

25.0 

23.6 

24.1 

13 9 

4-7 

0 3 

0.0 

5 . 

. 27.4 

26 I 

26 3 

16.1 

5-5 

0 4 

0.0 

6 . 

29.3 

28.0 

28 1 

17 7 

6.3 

0 4 

0.0 

7. 

30.8 

29 3 

29.4 

19 I 

6 9 

0 5 

0,0 

8. 

. 31.8 

30 3 

30.6 

20 2 

7 4 

0.6 

0 0 

9 . 

32 .6 

31 2 

31 5 

21 I 

7 9 

0.7 

0.0 

10. 

- 33-2 

31.8 

32.0 

21 8 

8.3 

0 8 

0.0 

I. 

Effect of 
8.8 

Neutralization of HCl after 15 
8.0 7 6 3.6 

Minnie Contact. 

2.1 00 

0.0 

2 . 

15.9 

15.2 

14 9 

9.1 

4.8 

trace 

0 0 

3 . ... 

21.0 

20.3 

20.3 

13 7 

7 3 

trace 

0 0 

4 . 

25 0 

23 6 

23 9 

17.2 

9 5 

0 4 

0 0 

5 . 

. 27.4 

26.1 

26 5 

20.0 

11 6 

0 5 

0 0 

6 . 

29 3 

28.0 

28.1 

21 8 

*3 2 

0 7 

0.0 

7 . 

30.8 

29 .3 

29.5 

23.6 

14 4 

0 9 

0 t) 

8... 

. 31.8 

30 3 

30.6 

24.9 

15.5 

1.0 

0.0 

9. 

32 6 

31 1 

31-5 

25-9 

16.4 

I 0 

0 0 

10. 

33 2 

31.8 

32.2 

26.8 

17.0 

I. I 

0.0 


Table III. 

Effect of i5>Minutc Contact w^th o \N Oxalic Acid. 


Time after 
adding 

UfOt. 



0.1 N 

oxalic acid added 



0 cc 

0 4 cc 

0 8 cc 

1 6 cc. 

2 cc. 

2 4 cc. 

2 6 cc. 

(Minutes.) 

I. 

.. 8.9 

8.2 

Oxygen developed 

6.5 3-4 ^>-7 

trace 

0.0 

2 . 

15 9 

15 8 

12.6 

7 0 

I 8 

0 2 

0 0 

3 . 

20.8 

21.3 

17-0 

9.6 

2 8 

0 4 

0 0 

4 . 

.. 24.1 

24.1 

19-7 

11.5 

3 8 

0 5 

trace 

5 . 

26.0 

26.0 

21.5 

12.9 

4-7 

0 7 

trace 

6. 

.. 27.3 

27.7 

22.8 

14 0 

5-5 

0 9 

trace 

7 . 

.. 28.5 

29.0 

23.8 

14.9 

6 2 

1 .0 

trace 

8. 

. . 29.5 

30.0 

24 6 

15 5 

6.7 

I 1 

trace 

9 . 

. . 30.4 

31.0 

25 *3 

16.0 

7.3 

I 2 

0 4 

10. 

.. 31.1 

31.7 

25.8 

16.4 

7.6 

1-3 

0 4 

Effect of Neutralization 

of Oxalic 

Acid after 

15-Miniitc Contact 


I. 

.. 8.9 

8.4 

7-3 

5.3 

2 . 1 

0 7 

0 0 

2 ... .4^. . . . 

.. 15.9 

15.8 

14.1 

10.3 

3 9 

1-7 

0,0 

3 . 

. . 20.8 

20. X 

18.5 

13 9 

5*7 

2 6 

0 0 

4 . 

.. 24.1 

23 1 

21,4 

16.1 

7 2 

3.4 

trace 

5 . 

. . 26.0 

25.0 

23 -4 

17.5 

8.7 

4 2 

trace 

6 . 

.. 27.3 

26.4 

24.8 

t 8.5 

9.9 

4.8 

trace 

7 . 

. . 28,5 

27 4 

25-9 

19 .4 

10.9 

5.3 

trace 

8 . 

. . 29.5 

28.3 

26,9 

20.1 

II .7 

5 7 

trace 

9 . 

. . 30.4 

29.0 

27.4 

20.6 

12.4 

6.0 

trace 

xo . 

.. 31.X 

29.5 

28.0 

21.1 

13-0 

6.3 

trace 
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Table IV. 

Effect of 15-Mmute Contact with Normal Tartaric Acid. 


Time after 



Normal tartaric acid added. 










HtOi. 

0 cc. 

0.1 cc. 

0.2 cc. 

0.4 cc. 

0.6 cc. 

0.8 cc. 

(Minutes ) 



Oxygen developed. 



I. 

. 9.1 

7-8 

4.4 

2,7 

0.8 

trace 

2. 

. 15-7 

14-7 

9.3 

6.1 

1.7 

0.2 

3 . 

. 20.2 

18.7 

130 

8.4 

2.8 

0.5 

4 . 

. 23,4 

21.0 

15*5 

9.8 

3.6 

0.7 

5 . 

. 25.6 

22.8 

16.9 

10.8 

4*3 

0.8 

6. 

. . .. 27.2 

24.0 

18.0 

II.4 

4 8 

0.8 

7 . 

.... 28.5 

24.8 

18.8 

II.9 

5 2 

0.9 

8. 

. 29 5 

25-7 

19.6 

12 .2 

5.6 

0.9 

9 . 

. . .. 30.2 

26.5 

19.9 

12.5 

S 8 

0.9 

10. 

. 310 

26.8 

20.3 

12.7 

6.1 

0 9 

Effect of Neutralization of Tartaric Acid after 15-Minutc Contact. 

1. 

. 91 

7.8 

5-3 

5-4 

1.3 

0 8 

2.. 

. X 5-7 

15.2 

10.6 

8.8 

2.7 

1.0 

3 . 

. 20.2 

20.2 

14.4 

II. 1 

3*9 

1*3 

4 . 

- 23.4 

21.7 

17.2 

12.8 

4.9 

1*7 

5 . 

- 25.6 

23.3 

19.1 

14.0 

5 7 

1 9 

6 . 

.... 27.2 

24.6 

20.6 

14.8 

6.4 

I 9 

7 . 

.... 28.5 

25.4 

21.8 

15.5 

7.1 

2 1 

8. 

29 5 

26.2 

22.7 

16.1 

7.6 

3 2 

9 . 

.... 30.2 

26.9 

23.5 

16.5 

8.1 

23 

10. 

... 31.0 

27.4 

24.1 

16.9 

8 6 

2 3 




Table V. 





Effect of 15 

'Minute Contact with Normal Citric Acid. 


Time after 



Normal citric acid added. 



adding 













IIsOs. 

0 CC-* 

0.2 cc. 

0.4 cc. 0.8 cc. 

1.2 cc 

1.6 cc. 

1.8 cc 

(Minutes.) 



Oxygen developed. 



I . 


6,6 

5.0 2.9 

I 0 

trace 

0.0 

2. 

. 16.6 

132 

9.9 6.0 

2 .0 

0.3 

0.0 

3 . 


17.7 

13-5 7.4 

3.1 

0 5 

0.0 

4 . 

. 23.8 

20,1 

15.7 8.3 

4*1 

0.8 

0.0 

5 . 

. 25.7 

21.8 

17.2 8.9 

4*9 

0.9 

0 .0. 

6. 

. 27.3 

23.0 

18.3 9-3 

3-5 

1.0 

0.0 

7 . 

. 28.4 

23*9 

19.0 9.6 

6.1 

1.0 

trace 

8. 

. 29.2 

24.7 

19.6 9.8 

6.7 

1.1 

trace 

9 . 

. 30,0 

25.2 

20.1 9.9 

7.0 

1.2 

trace 

10. 


25.7 

20.4 xo.i 

7-3 

1*3 

trace 

Effect of Neutralization of 

Citric Acid after 

15-Mmute Contact. 


I . 


8.4 

6.5 4.2 

I . I 

trace 

trace 

2 . 

. 16.6 

14.6 

11.8 7.9 

2.7 

0.3 

trace 

3 . 

. 20.7 

18.5 

15.1 10.2 

3.8 

0.5 

0.2 

4 . 


20.9 

17 4 II -7 

4.8 

0.6 

0.3 

5 . 

. 25.7 

22.4 

x8.9 X2.7 

5.8 

0.8 

0.3 

6. 

. 27.3 

23.0 

20.0 13.4 

6.7 

1.0 

0.4 

7 . 

. 28.4 

24.6 

20.8 13.9 

7*3 

1.0 

0.4 

8. 


25.2 

21.4 14.3 

7.8 

I . X 

0.5 

9 . 


25.8 

21.9 X4.6 

8.1 

1.2 

o.s 

10..»... . 

. 30.7 

26.4 

23.3 25.0 

8.4 

X .3 

0.6 
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Table VI. 


Effect of i5>Minute Contact with Normal Acetic Acid. 


Time after 
adding 
HfOt. 



Normal acetic acid added. 



0 cc. 

0.5 cc. 

1.5 cc. 

4.5 cc. 

6 cc. 

8 cc 

10 cc. 

(Minutes.) 

1 . 

. 9.0 

4-2 

Oxygen developed. 

2.4 0.6 0.3 

trace 

0.0 

2. 

. 16.2 

9.6 

6.4 

2.2 

1.0 

0-3 

0.0 

3 . 

. 21.7 

14.0 

9-3 

3-6 

1.2 

0.4 

0 0 

4 . 

. 25.1 

17-3 

12.1 

4.7 

1-5 

0.7 

trace 

5 . 

. 27.8 

20.0 

13.8 

4.5 

1.8 

0.9 

trace 

6.... 

. 29.7 

22.0 

15.9 

6.3 

2.2 

1.0 

0.2 

7 .... 

. 31.1 

23.4 

17.2 

7.0 

2.5 

1.1 

0.3 

8. 

. 32.1 

24.6 

18.4 

7.7 

2.9 

1.2 

0.4 

9 . 

. 32-9 

25.6 

19.4 

8.4 

3.1 

1-3 

0.4 

10. 

. 33.5 

26.4 

20 3 

8.9 

3-4 

14 

0.4 


Effect of Neutralization 

of Acetic Acid after 15-Minute Contact. 

I - .., 

. 90 

6.9 

6.9 

4*9 

2 .0 

1-4 

1.2 

2. 


13.3 

12.4 

8.4 

51 

3.2 

2 3 

3 . 

. 21.7 

19.8 

16.7 

11.7 

7.6 

4-7 

3.3 

4 . 

. 25.1 

23 3 

20.0 

13.8 

9-3 

5.8 

4-0 

5. 


23.5 

21.9 

15.5 

10.5 

6.6 

4-7 

6. 

. 29.7 

26.9 

23.1 

16.6 

II .5 

7.2 

5.2 

7 . 

. 3 * I 

27.5 

24.2 

17 3 

12.2 

7 7 

5 7 

8 . 


29.0 

25.1 

18.0 

12.7 

8.0 

b T 

9 . 

. 32.9 

29,9 

25 -9 

18.5 

131 

8.3 

6.3 

10 . 

. 33.5 

30.9 

26.3 

19.0 

13-5 

8.4 

6.4 


grees of add concentrations. The curves shown in Fig. 2 are analogous 
to those in Fig. i except that the determination was made after exactly 
neutralizing with sodium hydroxide. 

Curve a, Fig. 3 sho^C^s the total volume of oxygen developed during the 
first ten minutes after 15-minute contact with different acid concentra-' 
tions. Curve b in the same figure represents similar determinations after 
neutralizing the acid with sodium hydroxide. A comparison of these tw^o 
curves shows that the effect of neutralization is very slight. The curves 
for the remaining acids show the same general characteristics and will 
not be induded here. 

The foregoing experiments show the relative inhibiting effect of acids 
toward catalase, when in contact with the enzyme solution for fifteen 
xninutes. In order to ascertain the inhibiting effect of acids, w’^hen brought 
in contact with the enzyme solution for different periods of time, the fol¬ 
lowing experiments were performed : 

Different strengths of two of the inorganic acids were allowed to remain 
in contact with the taka-diastase solution for o, 15, 30, and 60 minutes. 
The acids used were dednormal sulfuric (0.8 cc.) and hydrochloric (0.4 
cc.), respectivdy. The activities of the catalase solutions were then de¬ 
termined in the usual manner. 
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TabiB vii. 





Effect of 0.4 cc, 0,1 N HCl for Different Periods of Contact. 


Time 

ifttr 



0.4 cc. 0.1 N Ha added. 
Time of contact in minutes. 


HsOi. 

Minutes.) 

Control. 

0. 

15 . 30 . 

Oxygen developed. 

60 . 

I .... 

. 7,9 

5 • 1 

5.2 

4>>9 

5 • ^ 

2.,.. 

. H-2 

10.9 

n .0 

10.8 

10.3 

3.... 

. 18.5 

15-2 

IS.6 

15-5 

15.1 

4.... 

. 21.8 

18.6 

19 2 

X8.7 

18.7 

5.... 

. 24.5 

21.8 

21 .8 

22.1 

21.2 

6.... 


24.1 

24.0 

23.9 

23.6 

7.... 

. 29.3 

25.6 

25 7 

25.6 

25.6 

8.... 

. 29.8 

26.8 

27.0 

26.7 

26.9 

9.... 

. 30*9 

27.9 

28.2 

28.1 

28.0 

10.... 

. 31.8 

28.9 

29 0 

29.0 

28.7 


TABhn VIII. 





Effect of 0.8 cc. 0.1 N H2SO4 for Different Periods of Contact. 


Time 

after 



0.8 cc. 0 1 TV HtS 04 added. 
Time of contaet in minutes. 


uQuluK 

HtO*. 

(Minutes.) 

Control. 

0. 

15 . 30 . 

Oxygen developed. 


I.... 

. 7.4 

2.8 

2.1 

2.1 

2.0 

2.... 

. 13-7 

6.9 

5-5 

5-7 

4.8 

3 _ 

. 18.3 

10.6 

8 8 

8.8 

7.5 

4 . 


13.1 

11.4 

II.5 

JO. I 

5.... 

•*. 25.5 

15 4 

14.3 

H -7 

11 8 

6.... 

. 27.8 

16.9 

15.0 

15.6 

14.0 

7.... 


18.4 

16.5 

16.9 

14 5 

8.... 

. 30.9 

19-3 

17.4 

18.1 

15-8 

9.... 

.■— 31.9 

20.1 

18.3. 

19.2 

16.5 

10.... 

. 32.7 

20.8 

19.0 

19.9 

17.2 


The effect of acids toward the catalase of taka-diastase as shown by 
the preceding tables is very marked. In the series of acids studied none 
were found which did not show some inhibiting action. The inhibition, 
however, was not constant, cquinormal solutions of different acids showing 
different power of inhibition toward the enzyme solution. The acids, 
arranged in order of the magnitude of their inhibiting effect, are hydro¬ 
chloric, sulfuric, oxalic, tartaric, citric and acetic. It will be noted that 
this order corresponds to the order of their ionization constants. 

Neutralization of the acid restored the enzyme activity only to a slight 
extent. In this respect catalase from taka-diastase differes from blood 
catalase. According to Senter, neutralization of the acid restores the orig¬ 
inal activity of the latter enzyme. 

It has been shown above that the time, in which sulfuric and hydro¬ 
chloric acids are in contact with the enzyme solution, has little or no effect 
upon the activity of catalase. The time of contact for the remaining 
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Table IX. 

KlTect of 15-Minute Contact with Normal KOH 

Time after Normal Kf)II uclclcd. 


adding 


HjOir 0 cc 

(Minutes ) 

0 1 CC- 

0 2 cc 0 4 cc 

Oxygen developed 

0 6 cc 

0 8 cc. 

I . 

. 8.2 

6.4 

4*1 

I 3 

0 3 

0 0 

2. 

. 14-4 

11-9 

8.6 

2.8 

0 4 

0 0 

3.* 

. 18.9 

16.3 

12 5 

4 2 

0.7 

tiace 

4 - 


19.4 

15.4 

5-5 

1.1 

trace 

5 -- 

. 24.9 

22.0 

17.7 

6 6 

I 4 

0 2 

6 . 

. 27.1 

23. « 

19 3 

7 4 

I 6 

0 3 

7. . 

. 28 8 

25 6 

20.6 

S I 

J 7 

0.3 

8.. 

. 30.,% 

26.5 

21.7 

8.7 

I 7 

0.4 

9., 

. 31.3 

27.5 

22.5 

9.1 

I .8 

0 4 

10.. 

. 32.1 

29-0 

23-3 

9 5 

1.9 

0 4 


KlTect of Neutralization of Normal KOH after 15-Minutc Contact 


I.. 

. 8.2 

6.0 

3.9 

0 9 

trace 

0.0 

2.. 

. 14 4 

II .3 

7-9 

2 5 

0 2 

0.0 

3 -. 

. 18.9 

14.6 

10.9 

3.5 

0 4 

trace 

4 ■ 

. 22.3 

16.8 

13 0 

4-3 

0 5 

trace 

5 

. 24.9 

18.8 

14.4 

4 9 

0 6 

trace 

6 . . 

. 27.1 

20.6 

155 

5.3 

0 7 

trace 

7.^ 

. 28.8 

22 0 

16.4 

5 7 

0.8 

trace 

8. 

. 3<^ 3 

23.2 

17 I 

6.0 

0 9 

trace 

9 - 

. 31 3 

24 1 

17 9 

6.2 

0 9 

trace 

10 . 

. 32.1 

24.9 

i «.5 

6.4 

0.9 

trace 


Table X. 

EHecl of 15-Miiiute Contact with Normal NaOH. 


Time after Normal NaOH added. 


aaaing 

HaO*. 

0 cc. 

0.1 cc. 

0.2 cc. 

0 4 tc. 

0 6 ( c- 

0 8 cc. 

(Minutes.) 

I. 

. 9-4 

6 4 

t>xygcn developed. 

6.x 17 

0.0 

0.0 

2 . 

... . 15.8 

12.2 

10 5 

2.6 

trace 

0.0 

3 . 

. 20.2 

16 3 

14 1 

3.8 

0 4 

0 0 

4 . 

. 23 5 

19.5 

16.8 

4-4 

0 7 

0 0 

5 . 

. 25.7 

2 1.8 

18.8 

4 9 

0 9 

0 0 

6. 

. 27 4 

23 8 

20.3 

51 

I. i 

0 0 

7 . 

. 28 7 

25.0 

21 5 

5.3 

I . 2 

trace 

8. 

. 29.6 

26.0 

22 5 

5.5 

I 3 

trace 

9 . 

. 30 4 

26.8 

23.2 

56 

I 4 

trace 

10. 

. 31.2 

27.6 

23.8 

5-6 

1*4 

trace 

Effect of Neutralization of Normal NaOH after 15-Minute Contact. 

I. 

. 9 4 

5 6 

5-4 

0.7 

0 0 

0 0 

2. 

. 15.8 

10.6 

10 6 

1.9 

trace 

0 0 

3 . 


14 4 

14 3 

2 4 

0.2 

0 0 

4 . 

. 23.5 

17-5 

16 9 

2 7 

0 4 

0.0 

5 . 


19.8 

17.3 

2 9 

0.5 

0.0 

6 . 

. 27.4 

21.6 

1S.4 

3-2 

0.7 

0.0 

7 . 


23.0 

19-3 

3-2 

0.8 

0.0 

8 . 


24.1 

19.9 

3.3 

0.8 

0,0 

9 . 

. 30.4 

25.0 

20.3 

3*4 

0.9 

0,0 

10 . 


257 

20.8 

3*5 

0.9 

0.0 
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Tabus XI. 

Effect of 15-Minute Contact with Normal NH4OH. 

Time after Normal NH4OH added. 

adding <■ ■ ■ - -. . .—-- --. 

HsOt. 0 cc. 0.2 cc. 0-4 cc. 0.8 cc. 5 cc. 10 cc. 

(Minutes.) Oxygen developed. 

1 . 8.8 6.3 6.4 6.t 4.9 3.2 

2 . 14.4 12.3 12.6 12.3 9.5 7.4 

3 . 18.7 16.4 17.2 17.1 13.3 11.6 

4 . 21.6 20.0 20.6 20.8 16.1 15.0 

5 . 24.3 22.5 23.2 23.2 18.4 17.8 

6 . 26.3 24.5 25.3 25.0 20.1 20.1 

7 . 27.8 26.2 26.9 26.4 21.6 22.0 

8 . 29.4 27.3 28.1 27.6 22.8 23.4 

9 . 30.7 28.6 29.1 28.5 24.0 24.7 

10. 31.4 31.1 30.0 29.3 24.8 23.9 

Effect of Neutralization of NH4OH after 15-Minute Contact. 

1 . 8.8 4.1 2.4 i.o 0.0 trace 

2 . 14.4 8.5 5.9 3.2 trace trace 

3 . 18.7 12.3 8.9 5.2 0.2 trace 

4 . 21.6 15.4 II.3 6.6 0.2 trace 

5 . 24.3 18.0 13.9 7.9 0.2 trace 

6 . 26.3 20.1 15,8 9.0 0.2 trace 

7 . 27.8 21.7 17.4 10.1 0-2 trace 

8 . 29.4 23 o 18.5 10.9 o 3 trace 

9 . 30.7 24.1 19.9 II.6 0.3 trace 

10. 31.4 25.1 20.3 12.2 0.3 trace 

Tabi;b XII. 

Effect of 15-Minute Contact with Normal NajCOs. 

Time after Normal NaiCOi added. 

adding ----*-. 

HiOi. 0 cc. 0.1 cc. 0.2 cc. 0.4 cc. 0.8 cc. 

(Minutes.) Oxygen developed. 

1 . 9.0 7.2 7.7 6.4 6.4 

2 . 15.7 13.1 13.6 12.3 12.3 

3 . 20.0 17.2 17.8 16.5 16.3 

4 . 23.3 20.4 20.8 19.7 19.5 

5 . 26.2 23.0 23.0 22.3 21,7 

6 . 28.3 25.0 • 24.7 24.2 23.6 

7 . 302 26.5 26.3 25.7 25.0 

8 . 31.6 27.8 27.5 26.9 26.3 

9 . 32.7 28.8 28.4 28.0 27.2 

10. 33.6 29.7 29.4 28.8 28.1 

Effect of Neutralization of Normal NajCOs after 15-Minute Contact. 

1 . 9.0 6.6 5.7 45 4.5 

2 . 15.7 12.7 10.6 8.9 8.1 

3 . 20.0 15.8 14.3 12.4 10.6 

4 . 23.3 18.9 17.3 14.9 12.7 

5 . 26,2 21.3 19.7 17.0 14.2 

6 . 28.3 23.3 21.6 18.6 15.6 

7 . 30.2 25.0 23,1 20.0 16.6 

8 . 31.6 26.2 24.4 21,0 17.4 

9 . 32.7 27.3 25.5 21.9 x8.i 

10. 33.6 28.x 26.2 22.6 x8.6 











































ACIDS AND ALKAUES UPON THE CATALASE Olf TAKA-DIASTASE. 427 

acids was not studied but it is quite probable that the same observations 
would hold true, as all show a much less inhiV)iting action toward catalase. 

Having shown the efiect of some of the more important inorganic and 
organic acids toward the catalase of taka-diastase, we next tried the effect 
of alkalies. The methods used in this work were the same as those em¬ 
ployed in the previous experiments. The effect of various concentra¬ 
tions of alkalies on the enzyme solution was studied, and a parallel ex¬ 
periment was also performed with each alkali included in this series to 
show the effect of exactly neutralizing the alkali with standard hyflro- 
chloric acid after fifteen-minute contact of enzyme with alkali. The re¬ 
sults are expressed in the preceding tables. 

In addition to the results given in the preceding tables for sodium carbon 
ate, tests were made with much stronger concentrations of the alkali. 
The maximum concentration used was 5 cc. of tw'ice normal sodium car¬ 
bonate. In no instance was it possible to effect a low^ering of the enzyme 
activity be^mnd the point given in the table for 0.8 cc. concentration. 
Neutralization of the alkali witli acid showed a decided decrease in ac¬ 
tivity. Additional concentrations of alkali, besides those given in the 
table, were not tried with potassium carbonate and acid sodium carbonate. 

Table XITI. 

Effect of 15-Minute Contact with Normal K2CO., 


Time after 
adding 

H*Oi. 


Normal KiCO* adder 



0 cc 

0 1 cc 

0 2 cc 

0 4 CO 

0 R Cr 

(Minutes) 

I.. . . 

« 3 

7.7 

Oxygen developed. 

7 0 

b b 

6 3 

2 ... . 

150 

14.1 

13 2 

12 b 

12.6 

3 . 

19 4 

19.3 

18 5 

17 2 

17 0 

4 . 

... 23.2 

22.8 

22,1 

20 6 

20.2 

5 . 

26.2 

25.9 

24.6 

23 6 

23 6 

6. 

.... 28 3 

27.4 

26.3 

25 6 

24-3 

7 . 

.. . 30.0 

28.7 

27.9 

27 2 

25 7 

8. 

.. 31.3 

29 8 

29.0 

28 0 

27 0 

9 . 

. . • 32 3 

30.6 

29 6 

28 9 

27.9 

10. 

53 • 2 

3 T 3 

30 7 

29 8 

28 7 

Effect of Neutraliration of Normal K2CO2 after 15-Minute Contact 


I. 

.... S3 

6.0 

5-7 

5 8 

4 I 

2. 

.. 15.0 

II.8 

10 b 

10.0 

7 2 

3 . 

. ... 19.4 

16.4 

15 0 

13.4 

9.7 

4 . 

. 23.2 

19.9 

18 2 

16.2 

II 7 

5 . 

. 26.2 

22 7 

20.6 

18.5 

13 2 

6. 

. 28.3 

24 7 

22.7 

20.^ 

14.4 

7 . 

. 30 0 

26.3 

24.1 

21.7 

15 2 

8 . 


27-7 

25-5 

22.9 

15-9 

9 . 


28.8 

26.6 

25.9 

16 .5 

10 . 

. 33*2 

29 7 

27 4 

24.6 

17.0 
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Table XIV. 

Effect of 15-Minute Contact with Normal NaHCOa. 


Time after Normal NallCOs added. 

adding ----. 

HjOa. 0 cr. 0.1 cc- 0.2 cc. 0.4 cc. 0.8 cc 

(Minutes.) Oxygen developed. 

1 . 72 6.3 O.I 6.1 5.6 

2 . 13.4 II 9 11.7 II .7 11.2 

3 . 18.2 166 16.2 16.I 15.5 

4 . 219 20.2 196 196 18.9 

5 . 24.8 23.3 22 5 22.3 21.7 

6 . 27.1 25.4 24.7 24.6 23.9 

7 . 29 o 27.3 26.6 26 4 25.7 

8 . 30.5 28.7 28.0 27 9 27.2 

9 . 31.5 29.8 29.1 28.9 28 4 

10. 32.6 30.7 30.1 29 9 29 3 

Effect of'Neutralization of Normal NaHCOa after 15-Minute Contact. 

1 . 7-2 5‘4 4 8 4.3 1.7 

2 . 13.4 II. 1 lo.o 8.9 4.2 

3 . 18.2 15.6 14.1 12.3 6.7 

4 . 21.9 19.2 17.4 15 2 8.8 

5 . 24.8 21.9 20.1 ■ 17.6 10.5 

6 . 27.1 24 I 22.0 19.5 II 9 

7 . 29 o 25 7 23.7 21.0 13.0 

8 . 30.5 27.1 25.1 22.1 13.8 

9 . 31 5 28.2 26.2 23.3 14.5 

10. 32 6 29.1 27.2 24.1 15.1 


The preceding work shows the relative inhibiting effect of bases wlicn 
in contact with the enzyme solution for fifteen minutes. The following 
tables show the inhibiting effect of 0.4 cc. normal NaOH and KOH on 
the taka-diastase solution when allowed to remain in contact for differ¬ 
ent periods of time: 

Table XV. 

Effect of 0.4 cc. Normal NaOH for Different Periods of Contact. 


Time 0.4 cc. normal NaOH added, 

after Time of contact in minutes. 

adding --- 

HjOf. 0 . 15 . 30 . 60 . 

(Minutes.) Control. Oxygen developed 

.1. 6.8 4.5 2.0 1.9 0.7 

2 . 131 9.2 3.9 3.8 1.7 

3 . 18.0 10.5 5.6 5.2 2.4 

4 . 21.6 16.2 6.8 6.4 3.0 

5 . 24.5 18.5 7.9 7.3 3.4 

6 . 26.6 20.1 8.7 8.0 3.8 

7 . 28,2 21.4 9.3 8.5 4.0 

8 . 29.8 22.4 9.8 8,9 4.2 

9 . 308 23.1 10.1 9.2 4.4 

10. 318 23.8 10.4 9.4 4.5 


The action of bases toward catalase is somewhat similar to the action 
of acids* Sodium and potassium hydroxide are nearly equal in their effect 
and they show a much stronger reduction of the activity than the remain- 
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Table XVI. 

Effect of 0.4 cc. Nonnal KOH for Different Periods of Contact. 


Time 0.4 cc. normal KOII added 

after Time of contact in minutes. 

adding --*-- > 

HaO». 0 15 30 60 

(Minutes) Control. Oxygen developed 

1 . 7*9 29 1.4 I O 03 

2 . 14.1 6.1 29 1.8 10 

3 . 5 9.3 41 2.7 14 

4 . 21.8 11.8 52 3.9 18 

5 . 24.5 13.7 60 41 20 

6 . 26.7 15.3 6.7 4.6 22 

7. • 29 3 16 4 72 51 24 

8 . . 29 8 17 6 75 53 25 

9 30.9 183 77 56 26 

10. . 31 8 18 8 80 5.7 27 


ing alkalies. Ammonium hydroxide, potassium carbonate, sodium car¬ 
bonate and sodium bicarbonate show only a slight depressing effect. It 
is a noticeable fact that neutralization of the alkali by a standard solution 
of hydrochloric acid increases the retarding effect in every instance. 

The duration of contact \^ith sodium and potassium hydroxide has a 
decided effect upon the enzyme activity. The results show a lowering 
of enzyme activity when the time of contact is increased. 

The results obtaiticd with catalase preparations from different sources, 
however, are hardly comparable, as it is only reasonable to snp]>ose that 
the purity of the catalase solutions materially affects the results. 

Summary. 

I . The inhibiting effect of acids and alkalies upon the catalase of taka- 
diastase follows the order of their ionization constants. 

II. After fifteen-minute contact with acid or alkali, the activity of the 
enzyme cannot be restored by neutralization. 

HI. The effect of acids was not influenced by the time of contact within 
the limits of these experiments. The effect of caustic alkalies, on the 
other hand, was proportional to the period of contact. 

In conclusion, the writer takes pleasure in acknowledging his indebted¬ 
ness to A. W. Dox for his kind suggestions in carr3dng out this work. 

Amhs, Iowa. 

[Contribution from the Hawaii Experiment Station No. ii.I 
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Introduction. 

The vegetable proteins occurring in different plants constitute the 
principal source of the soil nitrogen. These undergo biological decompo- 
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sitions of a hydrolytic nature, which probably take place in a gradational 
manner similar to that which occurs during animal digestion. The chem¬ 
istry of soil nitrogen, therefore, may be looked upon as being the chemistry 
of protein imdergoing hydrolysis. 

For some time it has been the practice among soil bacteriologists to 
determine the ammonia split off by bacterial action and the rates of its 
oxidation to nitrate under varying conditions. But ammonia is the final 
hydrolytic product and is probably split off, in the main, directly from the 
acid amides and amino acids which have themselves arisen from hydrolysis 
of the proteins. Hence, the determination of the organic nitrogen com¬ 
pounds that are obtainable from a soil, ought to throw some light on the 
possibilities of subsequent ammonification, and indicate the nature of 
the decompositions that have already taken place. This view of the sub¬ 
ject receives support from the recent researches of Jodidi^ who found 
that different acid amides and amino acids undergo ammonification 
in soils at different rates, depending upon their structure. He found, 
for example, that glycocoll and leucine were ammonified more rapidly 
than phenylalanine, which he attributes to the resistant character of the 
benzene ring occurring in the last named compound. 

The vegetable proteins, upon hydrolysis, yield amide, basic and noii- 
basic nitrogen in quite variable amounts, as shown by Osborne.* The 
amide nitrogen ranges from 6% in legumelin from the horse bean to 24.5% 
in gliadin from wheat. The basic nitrogen varies from 3% in zein from 
maize to 32.8% in globulin from the cocoanut; while the non-basic nitro¬ 
gen occurs in more constant and always much larger amounts. The aver¬ 
age of the 34 differ^t vegetable proteins reported contain 11.6% amide, 
23.6% basic and 63.5% non-basic nitrogen. * 

It is evident, then, that soil organic matter originating from different 
plants would probably yield, upon hydrolysis, varying amoimts of amide, 
basic and non-basic nitrogen compounds. During recent years some in¬ 
vestigation has been made on this subject. From the researches of Shorcy,® 
Jodidi,^ Robinson® and Lathrop, and Brown,® it has been shown that the 
acid soluble nitrogen of soils varies considerably. On the average, the 
hydrolytic products have been found to be composed of approximately 
25% amide, 10% basic and 65% non-b^ic nitrogen. 

Schreiner,* Shorey and their associates in the Bureau of Soils have 
isolated a number of nitrogen compounds from soils, the specific natme 

1 Iowa Sta., Research Bull, 9 (1912). 

• The vegetable proteins. 

• U. S. D. A., Hawaii Sta., Ann. Repi. 1906, 37-59. 

< Mich. Sta., Tech. BuU. 4 (1909); Iowa Sta., Research Bulls, i and 3 (1911). 

» Mich. Sta., Tech. BttU. 7 (1911). 

• J. Ind. Eng. Chem., 3, 6 sT^ 

' U. S. D. A., Bur. of Soils, Bulls. 4f, 53,74, BOf 87,88,89. 
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of which indicates that the biological decompositions going on produce 
cleavages analogous to tho^e brought about upon acid hydrolysis of the 
proteins. 

In view of the limited number of soils previously studied in this con¬ 
nection, and the strong probability that under bacterial action hydrolysis 
of the proteins takes place previous to the deamidization process proper, 
it is desirable that a greater range of soils be investigated with reference 
to their nitrogen constituents. 

The Nitrogen of Hawaiian Soils. 

The soils used in this investigation belong to the laterite class common 
to the islands. Sample No. 379 is a silty loam, containing considerable 
amounts of organic matter, and was taken from an old pasture where 
vsemi-arid conditions prevail. 

Sample No. 428 is a highly organic sandy soil, recently cleared of a 
tropical jungle, and may be considered virgin fern forest land. 

Sample No. 446 is a silty loam now being used for pineapples, but for¬ 
merly devoted to pasture for many years. 

Sample No. 292 represents a loam soil containing considerable gravel, 
and has been devoted to aquatic agriculture for many years. 

Samples Nos. 343, 405, 406 and 345 are silty soils, and No. 347 is a highly 
humous soil, each of which have been continuously cultivated in rice for 
thirty or more years. 

Nitrate and Ammonia .—Nitrates and ammonia, generally comprising 
not more than a small percentage of the total nitrogen in soils, were de¬ 
termined as follows: Nitrate w^as determined in water solutions, by the 
use of the phenol-disulfonic acid method, while the ammonia was determined 
by the direct distillation of separate portions of the soil after adding mag¬ 
nesium oxide. All the data presented in this paper have been calculated 
to the water-free basis. 

Total, Nitrate and Ammonia Nitrogen. 


Total nitrogen. 

Lab. No. Per cent. 

Nitrate nitrogen 

Ammonia nitrogen 

Pts per 
million 

Per cent, of 
total nitrogen 

PtM per 
million 

Per cent of 
total nitrogen 

379 

0.592 

lO 

0.169 

10 

0 169 

428 

0 770 

45 

0 519 

220 

2 857 

447 

0 354 

62 

0 751 

10 

0 282 

292 

0 122 

4 

0.328 

10 

0 819 

343 

0.220 

0 

0 000 

22 

I OCX) 

345 

0 218 

0 

0.000 

32 

I 468 

347 

1.241 

70 

0.537 

130 

1 048 

405 

0.195 

X 

0.049 

50 

2 564 

406 

0.456 

15 

0 325 

60 

I 316 

It wUl 

be observed that 

in contrast to soils elsewhere the ammonia 


content in most instances was found to be considerably greater than the 
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nitrate/ and the nitrogen present as nitrate and ammonia constitutes 
only a small precentage of the total nitrogen. The nitrogen of these soils, 
as was expected, exists, therefore, very largely in organic combinations. 

The Organic Nitrogen ,—In this work the Osborne-Harris® modification 
of the Hausmanu^ method, as outlined by Jodidi^ in his studies on Iowa 
soils, has been used. The hydrolysis was conducted by heating to boiling 
under a reflux condenser for lo hours, 50 gram portions of the air-dried 
soils with 750 cc. strong hydrochloric acid, filtering and making the fil¬ 
trate to one liter. Aliquot parts of the solution thus obtained were used 
for the determination of the amide, basic, and non-basic nitrogen. Since 
the amide nitrogen was determined as ammonia by the direct distillation 
of the solution after making alkaline with magnesium oxide, the ammonia 
originally present in the soil was deducted from the amounts found. 

The basic nitrogen was determined by precipitation with phospho- 
tungstic acid in water solutions, obtained by filtering the residue left 
after the distillation with magnesium oxide, and, as shown by previous 
investigators,® this precipitate contains nitrogen largely in the form of 
diamino acids, although it should be remembered that alkaloids, etc., 
if present, would also be precipitated. The non-basic nitrogen was de¬ 
termined by subtracting the sum of the other two groups from the total 
nitrogen dissolved, and while this group is now commonly referred to as 
mono-amino acids, Jodidi and Robinson have each brought forth evidence 
that it is not made up wholly of mono-amino acids. Just what other 
bodies occur in this group is not yet known. The results follow 

Organic Nitrogen of Hawaiian Soils 
Soluble in Hydrochloric Acid. 

Per cent, of the soil. Per cent of nitrogen in solution. 


Lab Per cent of 


No 

total N. 

Amide N 

Basic N. 

Non-basic N 

Total N 

Amide N 

Basic N 

Non-basic ] 

379 

71 96 

0 095 

0 030 

0 300 

0 426 

22 30 

7 04 

70.42 

428 

72 59 

0 141 

0 028 

0 368 

0 559 

24 79 

5 01 

66 27 

447 

67 51 

0 074 

0 033 

0 131 

0 239 

30.96 

13 81 

54-82 

292 

91 80 

0 024 

0 012 

0 075 

0 112 

21 43 

10 71 

66.96 

343 

90 91 

0 054 

0 020 

0 124 

0 200 

27 00 

10 00 

62 00 

345 

88 52 

0 042 

0 017 

0 131 

0 193 

21 76 

8 81 

67.88 

347 

80 42 

0 225 

0 097 

0.663 

0 998 

22 55 

9 72 

66.43 

405 

84 62 

0 042 

0 019 

0 099 

0 165 

2.5 45 

II 51 

60.00 

406 

91 22 

0 079 

0 055 

0.276 

0 416 

18.99 

13 22 

66 35 






Av. 

23 91 

9 98 

64 57 


^ The occurrence of large quantities of ammonium compounds is a phenomenon 
common to many Hawaiian soils and will be further discussed in a separate publication. 

* This Journal, 25, 323 (1903). 

* Z. physiol. Chem.f 27, 95 (1899). 

^ ♦Iowa Sta., Research Bull, i (1911). 

^ Jodidi, loc. cit .; Robinson, Ibid. 
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It will be seen from the above table that there is considerable variation 
in the amounts of nitrogen dissolved from the different vsoils. In soil 
No. 447 only 67.51% of the total nitrogen was dissolved, while No. 292 
yielded 91.80%. Concerning the insoluble nitrogen very little indeed 
is known. 

Amides .—The amide nitrogen in all the soils studied, with the exception 
of Nos. 447, 343 and 406 occurred in approximately the same relative 
amotmts, being on the average 23.91% of the soluble nitrogen. It is 
noteworthy that the amides of soils comprise a considerably higher per¬ 
centage of the nitrogen than occur in most of the vegetable proteins pre¬ 
viously studied. A direct comparison of the amide nitrogen of the above 
soils with that found in soils elsewhere is possible in a few cases only, for 
• the reason that the strengths of the acid, and the lengtlis of the time of 
digestion, used in the investigations on this subject vary too greatly. 
With the results obtained by Jodidi, however, these data are comparable, 
and show that Hawaiian soils contain approximately the same relative 
amounts of amide as Michigan peat and Iowa soils. 

Basic Nitfogen.--The nitrogen compounds precipitated by phospho- 
tungstic acid were found to vary considerably in the different soils, amount-, 
ing on the average to 9.98% of the soluble nitrogen. It is noteworthy 
that the percentage of basic nitrogen in soils falls far below the percentage 
found in the majority of vegetable proteins. In these studies no attempt 
was made to prove the nature of these nitrogen compounds, but from the 
work of others it seems permissible to consider the basic nitrogen as being 
composed principally of diamino acids. 

Non-basic Nitrogen .—The percentages of non-basic nitrogen, with the 
exception of that from soil No. 447, were found to be remarkably similar 
in every instance, amounting to about two-thirds of the nitrogen dissolved 
by boiling hydrochloric acid. In this respect the soluble nitrogen of soils 
is quite similar to that of vegetable proteins. The non-basic nitrogen 
of soils as stated above is looked upon as being composed largely, but not 
entirely, of mono-amino acids, and probably such as arc obtained in tlie 
hydrolysis of protein. Robinson,^ for example, isolated leucine and iso¬ 
leucine from hydrochloric acid solutions of Michigan peat. 

Discussion. 

As shown above, the relative amounts of amide nitrogen split off from 
the soils studied was about double tliat previously found in the seed pro¬ 
teins, while less than one-third as much basic nitrogen was found. On 
the other hand, the relative amounts of non-basic nitrogen proved to be 
about equal to that of the seed proteins. These variations may be due 
to the bacteria’s attacking protein more largely at certain points than 
others, resulting in the splitting off of relatively greater amounts of basic 
* Lac. ciU 
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nitrogen compounds than of the other groups,^ and the basic nitrogen 
compounds then becoming diamidized, thus materially reducing the 
amounts of basic nitrogen present. 

It is also possible for certain diamino acids to become transformed into 
diamines, as for example, arginine can be decomposed into urea and orni- 
thine, then into putrescine, while lysine can be converted into cadaverine 
by the action of certain putrefactive bacteria. The urea that would thus 
be formed is known to be susceptible to the attack of a specific group of 
bacteria which convert it into ammonium compounds. 

These views should not be interpreted to mean that bacteria attack 
protein at the diamino linkings only; there is mucli evidence that hydrolysis 
also takes place all along the line, resulting in the cleavage of amide, di¬ 
amino and mono-amino acid compounds, all of which doubtless undergo 
ammoniiicatiou, although probably at different rates. ^ 

It should also be remembered that certain organic nitrogen compounds 
are readily assimilated by plants, others to a less extent, while still others 
are incapable of being assimilated.^ Therefore, it is possible that the 
nitrogen compounds belonging to one group may* be absorbed by plants 
to a greater extent than those of other groups. In view of these facts it 
is apparent that an explanation of the striking differences found in the 
percentages of nitrogen split off in the different groups in soils, on the one 
hand, and vegetable proteins, on the other, can only be surmised at the 
present time. Further investigation on this subject will be undertaken. 

Honolui<u. Hawaii. 


(Contribution from thk Hawaii Kxpurimbnt Station No 13 1 

THE ORGANIC NITROGEN OF HAWAIIAN SOILS. II. THE 
EFFECTS OF HEAT ON SOIL NITROGEN. 

By W. P. Kbust. 

R«»ived November 10 , 1913 . 

Introduction. 

It has been observed frequently that soil heating produces notable effects 
on the growth of crops. With the exception of the studies carried out in 
the Bureau of Soils, the investigations on this subject have dealt largely 
with bacteriological and physiological phases of the question. In this 
connection, Lyon and Bizzel^ observed that an increase in the solubility 

^ Since this paper was written results have been obtained from amnionification 
experiments, employing different nitrogenous materials, which strengthen the view 
that the basic nitrogen group is eliminated from soils at a greater rate than the amide 
and non-basic nitrogen compounds. 

* See Jodidi, Iowa Sta., Research Bull. 9 (19*2)- 

® Sec Hutchinson and Miller, Jour. Agr. Set., 4, 262-89; also, Schreiner and vSkinner, 
U. S. D. A., Bur. of Soils, Bull. 77. 

* Cornell Sta., Bulls. 275 and 326. 
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of the organic matter and the amounts of ammonia was produced by steam 
heating. 

Ivathrop and Brown ^ have shown in a study of the soils from the Penn-' 
sylvania Experiment Station, that steam heating under pressure brought 
about increases in the solubility of the nitrogen and the amounts of ammonia 
present, which increases were roughfy proportional to the pressures used. 

Schreiner and Eathrop® have shown, from an investigation of two 
different soils, that a number of organic compounds are split off by steam 
heating under pressure. It is of interest that all but two of the nitrogen 
compounds isolated are decomposition products of nucleo-protein. More¬ 
over, certain differences were ob.served in the nitrogen compounds occurring 
before heating, although each soil had previously been treated with the 
same kinds of organic manures; still other compounds occurred only after 
heating. Of these guanine and arginine were split off from one soil, while 
adenine was split off from the other. 

The Effects of Heat on Hawaiian Soils. 

In connection with investigations on the organic nitrogen of Hawaiian 
soils, some study has been made on the effects produced by heat. 

Nitrate and Ammonia.-~A number of soils representing different types 
common to Hawaii were subjected to definite temperatures by heating 
100 gram portions in procelain dishes in an air bath for two hours. Steam 
heat at two atmospheres pressure was also applied. The nitrates were 
determined by the phenol-sulfonic acid method, and ammonia by direct 
distillation after adding magnesium oxide. It should be remembered that 
a portion of the ammonia thus obtained probably occurred in the soils, 
especially after heating, as amides, rather than ammonium compounds, 
but, in view of the difficulties in separating amide from ammonia nitrogen 
in soils, the data w ill be referred to in this paper as ammonia. 

Of the soils studied, No. 9 is a silty soil, containing large amounts of 
manganese dioxide; No. 290 is a heavy clay soil; Nos. 292 and 407 are 
clay loams containing considerable gravel; No. 335 is composed veiy^ largely 
of coral sand (CaCOj) with only small amounts of organic matter; and No. 
411 is a silty soil containing large amounts of humus. 

The data below show tliat the nitrates of soils undergo decomposition 
with heating, gradually disappearing as the temperature increases. At 
100® only slight decomposition took place; at 150® considerable decompo¬ 
sition was produced; while heating to 200® caused almost complete de- 
compojsition of nitrate. Steam heating at a pressure of two atmospheres 
produced effects similar to those that took place from heating to 150® 
without pressure. 

' J. Ind. Eng. Chem., 3, 657-60 (1911). 

* U. S. D. A., Bur. of Soils, Bull. 89 {,1912). 
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Thb Effects of Heat on the Nitrate and Ammonia Content of Sou^. 
(Expressed in Percentages of Total Nitrogen.) 



Soil 

SoU 

SoU 

Soil 

SoU 

Soil 

Temperature. 

No. 9. 

No. 290. 

No. 292. 

No. 335. 

No. 407. 

No. 411. 


Nitrate Nitrogen. 




Unheated. 

.. 2.89 

0.95 

1.17 

0.21 

0 02 

I .02 

100®. 

. 2.54 

0.98 

0.87 

0. 12 

0.02 

1.09 

150». 

• 1.53 

0.66 

I 56 

0. 19 

O.OI 

0.03 

200®. 

. 0 13 

0.34 

0.23 

0.04 

O.OI 

0.03 

250®. 

. 0 14 

0.03 

0.09 

0 06 

O.OI 

O.OI 

Steam, 2 atmospheres pressure.. 

. 2.52 

0.55 

0.83 

0.06 

0.02 

0 87 


Ammonia Nitrogen. 




Unheated. . 

0-75 

0.95 

0 75 

0 79 

0.22 

0 36 

100®. 

0.64 

1.03 

0.70 

I 14 

0.33 

0 51 

»5o". 

. 1.80 

2.43 

2.15 

I 09 

0.70 

I 41 

200®. 

5 03 

24.46 

11.62 

2.14 

8.98 

3 u 

250®. 

1.09 

10.87 

22.40 

I 22 

2 80 

1.78 

Steam, 2 atmospheres pressure., 

2.23 

2.69 

1 12 

I 01 

I 13 

1.26 


Heating to ioo° produced but little effect .on the ammonia content. 
At 150® considerable increases in ammonia were observed, and in passing 
from 150® to 200® very large increases took place, followed, in every instance 
except one, by notable decreases at 250®. The falling off in the ammonia 
content at the higher temperature was no doubt due to the expulsion of 
the products of decomposition from the soil mass. Steam heating at two 
atmospheres' pressure split off practically tlie same amounts of ammonia 
as dry heat at 150® without pressure. The nitrogen compounds of soils, 
therefore, undergo decomposition with heating, and among the products 
formed those which yield ammonia upon distillation with magnesium 
oxide are produced in notable amounts. 

The organic nitrogen groups, both before and after heating, were de¬ 
termined by the use of the method of acid hydrolysis as outlined in the 
previous paper. In this way it was hoped to determine the effects pro¬ 
duced on the different groups of nitrogen compounds, and indirectly throw 
some light on the nature of bacterial action in soils. Since heating to 
200® led to the greatest accumulation of ammonia, this temperature was 
employed. The data obtained from five different soils are submitted 
in the following table. ^ 

Considering first the soils before heating, it will be seen that the per¬ 
centage of the different groups of nitrogen bodies dissolved by hydrochloric 
acid varied considerably. Expressing these results in percentages of the 
total nitrogen dissolved, the non-basic nitrogen on the average equalled 
63.82%, the amide 24.21%, and the basic nitrogen 10.13%. The ammonia 

1 The data submitted in this table vary slightly from those recorded in the previous 
paper, and bearing the same lab. no. This is due to different samples of the same soil 
having been used. 
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was determined previous to treating with hydrochloric acid, and by cal¬ 
culation was foimd to equal i.8i% of the nitrogen dissolved. 

Effects of Heat on the Nitrogen of Hawaiian Soils. 



Soluble in hydrochloric acid 


Per cent of soil Total Per cent of nitrogen in solution 



Before Heating 


379 o 546 o (K)i o 001 o 096 o 030 o 299 o 426 78 02 o 23 22 53 7 04 70 18 

428 o 779 o 005 o 022 o 129 o 029 o 378 o 558 71 63 3 94 23 12 5 09 67 74 

447 o 396 o cx)6 o 001 o 074 o 033 o 131 o 239 60 3s o 41 30 96 13 81 54 82 

405 o 179 Trace o 00s o 042 o 019 o 099 o 165 92 18 3 03 25 45 11 51 60 00 

406 o 504 o <K>2 o ck)6 o 079 o 055 o 276 o 416 82 54 I 44 18 99 13 22 66 35 

Av o 481 o 003 o (x)7 o 084 o 033 o 237 o 361 76 94 I 81 24 21 10 13 63 82 


After Healing (200®) 


379 o 417 o o o 069 o 098 o 034 o 168 o 369 88 49 18 69 26 56 9 21 45 53 

428 o 608 00 o 031 o 077 o 023 o 079 o 210 34 54 14 76 36 66 10 95 37 62 

447 o 207 o o o 020 o 039 o 022 o 028 o 109 52 66 18 35 35 78 10 18 25 69 

405 o 178 o o o 036 o 056 o 019 o 041 o 152 85 39 23 68 36 84 12 50 26 97 

406 o 419 o o o 067 o 103 o 019 o 092 o 281 67 06 23 84 35 65 6 76 32 74 

Av o 366 00 o 045 o 075 o 023 o 082 o 224 65 63 19 86 34 50 II 92 33 71 


Upon heating notable changes took place; the ammonia increased from 
0.007% to 0.045% of the moisture free soil, or from 1.81^0 to 19.86% 
of the nitrogen dissolved. The amounts of amide nitrogen in soils 428 
and 447 were considerably reduced by heating, while those of soils 405 and 
406 were slightly increased. In no instance, save soil No. 406, was there 
any notable change in the amount of basic nitrogen. On the average 
then, heat effected but little change in the amounts of amide and basic 
nitrogen present. Considering the non-basic nitrogen, on the other hand, 
notable losses were sustained from the heating. 

The loss of nitrogen amounted, on the average, to approximately 25%, 
but in this respect considerable difference was observed in the different 
soils. Soil No. 447 suffered the heaviest loss, amounting almost to 50%, 
while the loss from No. 405 was within the limits of experimental error. 
Heating to 200® for two hours, therefore, caused a loss of nitrogen and the 
formation of large amounts of ammonia, which nitrogen came largely 
from the complexes that yield non-basic nitrogen upon acid hydrolysis. 

In the previous paper some of the striking differences between soil 
nitrogen and that of the vegetable proteins were pointed out. It was 
shown, for example, that the nitrogen bodies split off from soil organic 
matter by boiling hydrochloric acid were made up of relatively greater 
amounts of amide, and correspondingly smaller amounts of basic nitro- 
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gen, than occur in the vegetable proteins. To account for this it was 
suggested that bacterial action probably causes a more marked splitting 
off of the basic nitrogen constituents, than of the other groups, at least 
in the early stages of the decomposition. 

On the other hand it is shown in the present paper, that heat causes 
a breaking up of the organic nitrogen bodies in such a way as to liberate 
large amounts of ammonia from the antecedents of the non-basic nitrogen 
bodies—presumbaly the mono-amino acids. 

H0N01.UX.U, HAWAn. 


THE ORGANIC NITROGEN OF HAWAIIAN SOILS.* HI. THE 
NITROGEN OF HUMUS. 

By W. P. Kbllsy and Aucb R. Thompson. 

Received December 15 . 1913 . 

Introduction. 

That part of the organic matter of soils soluble in dilute alkali, and 
known as humus, is generally considered to exert special influence on 
fertility. Moreover, it is claimed that the nitrogen contained in humus 
becomes available more readily than non-humus nitrogen. Dr. Hilgard 
found,* for instance, that during the first four months after extracting 
the humus from a soil, no nitrification took place, although the non¬ 
humus nitrogen in the soil amounted to 0.127%; after the lapse of two 
years’ time an insignificant amount of nitrate was formed, whereas vigor¬ 
ous nitrification took place in the original soil. The fact that no nitrate 
was formed from the non-humus nitrogen until after several months’ 
time, and then only at a very slow rate, suggests that the alkali-soluble 
nitrogen existed in different forms from the non-humus nitrogen. It 
should be borne in mind, however, that other factors than those having 
to do with the chemical nature of the nitrogen bodies also exert important 
influence on bacterial action, such factors as the food supply available 
to the bacteria, and the physical, chemical and biological conditions, 
all of which probably underwent some change as a result of extracting 
the humus. 

The general interest taken in soil humus justifies some investigation on the 
nitrogen bodies contained. The so-called humification process has been 
the subject of much speculation for many years, but it must be admitted 
that very little definite knowledge exists regarding the chemistry involved 
in this process. Bacteria undoubtedly bring about manifold chemical 
changes in the organic matter, causing it to pass through varying degrees 
of decomposition leading up to the formation of humus, but regarding 
the transformations the nitrogen bodies undergo in this process little is 
known. 

^ Contribution from the Hawaii Agricultural Experiment Station. 

* Soils, pp. 3 s8--6o. 
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The experiments discussed below were imdertaken with the view of 
learning something regarding the chemical nature of the nitrogen bodies 
contained in humus, and with the hope of gaining some light on the chem¬ 
istry involved in the process. By comparing the different groups of nitro¬ 
gen compounds in humus with those in the soil as a whole, it is conceivable 
that some suggestion might be obtained regarding the nature of the bac¬ 
terial action that has previously taken place. The soils studied in this 
connection were the same as those employed in the investigations already 
reported from this laboratory.^ 

Nitrogen Soluble in i Per Cent. Hydrochloric Acid. 

In order to break up combinations between the humus substances 
and inorganic matter and increase the solubility of the humus, the samples 
were treated in the cold witli i% hydrochloric acid until no further cal¬ 
cium and magnesium were dissolved, then filtered and washed free from 
acid with distilled water. The filtrates were evaporated to small volumes 
and analyzed. In a previous investigation carried out in this laboratory 
it was observed that the hydrochloric acid extracts thus obtained^ con¬ 
tained, in some instances, considerable amounts of organic matter, and 
as shown by others,^ considerable amounts of nitrogen may be dissolved 
in this way. In the following table are recorded the data showing the total 
nitrogen in the soils studied and the amounts dissolved by hydrochloric 
acid: 

Nitrogbn Soi<ubi.e in 1% HCl. 

Soluble in HCl. 


Lab. No. 

Total in soil. 

Per cent. 

Per cent, 
of soil. 

Per cent, 
of total N. 

347 

1.241 

0 029 

2.34 

428 

0.770 

0.041 

5.33 

379 

0.592 

0 019 

3 21 

406 

0.456 

0.012 

2 .63 

447 

0 354 

0.012 

3 39 

345 

0.218 

0 007 

3-21 

343 

0 220 

0 004 

1.82 

405 

0.195 

0 009 

4.61 

292 

0.122 

0.004 

3 28 


Av. 3.31 

Thus it is shown that small amounts of nitrogen were dissolved by 1% 
hydrochloric acid, and it is noteworthy that on the average these soils 
contained only about one-half as much nitrogen in the form of ammonia 
as was dissolved by hydrochloric acid.* 

‘ This Journal; see preceding articles. 

* U. S. D. A., Hawaii Sta., Press Bull, 33. 

* Emery, This Journal, aa, 285-91 (1900); heavitt, J. Ind. Eng, Chem., 4, 601-41 
<1912). 

* This Journal, loc, cit. 
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The Humus Nitrogen. 

Dilute ammonia is the solvent usually employed for dissolving humus, 
but it is apparent that humus solutions to be used in studies on the nitro¬ 
gen bodies cotdd not be made by the use of this solvent. For this purpose 
we have employed a 3% solution of sodium hydrate. Forty-gram portions 
of the air-dried soils, after having been extracted with dilute hydrochloric 
acid, were shaken with 2000 cc. of the sodium hydrate solution at intervals 
for one day, then allowed to settle for an additional day, after which, 
the solutions were siphoned off and aliquot portions used in the studies 
herein reported. 

It is known that a part of the humus can be precipitated from alkali 
solutions by acids. The relative amounts precipitated, however, vary 
with the amounts of acid used. Shorey has shown, ^ for instance, that 
after filtering out the precipitate obtained by acidifying the solution, 
a still further precipitate was obtained by carefully neutralizing the fil¬ 
trate, and that the precipitates thus obtained each contained nitrogen. 
In other words, humus nitrogen is soluble to some extent in water but 
more so in dilute hydrochloric acid. 

In our work we have arbitrarily separated the humus into two portions 
by making neutral to litmus paper with hydrochloric acid 1000 cc. portions 
of the humus solutions (corresponding to 20 grams of soil), then acidifying 
by adding 20 cc. of 1% hydrochloric acid, filtering and washing the pre¬ 
cipitate with dilute hydrochloric acid. The precipitates thus obtained 
were afterwards subjected to acid hydrolysis by boiling with 400 cc. strong 
hydrochloric acid for a period of ten hours, filtering and washing the resi¬ 
due. The amide and basic nitrogen were determined in the original humus 
solutions, in the filtrates obtained after filtering out the precipitates formed 

The Nitrogen op Humus. 

Precipitated Precipitated by HCl. 

by dilute HCI. ^ .-*-» Not pre- 


Lab. 

No. 

Total 
per cent, 
of soil. 

Hydro¬ 
lyzable 
per cent, 
of soil 

--s Notprecipi- 

Non-hydro> tated by 
lyzable dilute HCl. 
per cent. Per cent, 
of soil. of soil. 

Total 
per cent, 
of soil. 

N. 

Hydro¬ 
lyzable 
per cent, 
of humus 
N. 

Non-hydro- 
lyzable 
per cent, 
of humus 
N. 

cipiiated 
by HCl. 
Per cent, 
of humus 
N. 

347 

0.774 

0.362 

0.125 

0.315 

6a. 37 

45.14 

15 59 

39.38 

428 

0.590 

0 289 

0 051 

0.247 

76.63 

49 23 

8.69 

42.08 

379 

0.439 

0.270 

0 04X 

0.129 

74 >6 

61.36 

9-32 

29.33 

406 

0.226 

0.100 

0.027 

0.II7 

49.56 

40.98 

11.06 

47.96 

447 

0.215 

0.094 

0.026 

0.105 

60.79 

41.78 

11.56 

46.67 

345 

0.147 

0.066 

0.019 

0.070 

67.43 

42.53 

12 .26 

45.16 

343 

0.127 

0.061 

0.012 

0.069 

57.73 

42.96 

8.45 

4*.59 

405 

0.123 

0.044 

0.012 

0.067 

63.08 

35.77 

9.76 

54.47 

292 

0.058 

0.031 

0.012 

0.015 

47.54 

53 45 

20.69 

33.86 


Average 62.15 45.92 

* U. S. D. A., Hawaii Sta., Rep. 1906, 51. 
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by acidifying the solutions and in the solutions obtained by hydrolyzing 
the precipitates formed. 

In the preceding table are recorded the data showing the total nitrogen 
contained in the original humus solutions, and in the portions obtained 
by the different separations. 

The above data show that the relative amount of humus nitrogen varied 
from soil to soil, having been found on the average to amount to 62.15% 
of the total nitrogen. In every instance, except two, more than one-half 
of the total nitrogen was dissolved by dilute alkali, while in two instances 
practically three-fourths of it was thus extracted. Likewise the bodies 
precipitated by dilute hydrochloric acid also contained nitrogen in varying 
amounts. The nitrogen bodies thus precipitated yielded by far the greater 
part of their nitrogen to the solution, the insoluble residue having been 
found to contain on the average 11.93% of the humus nitrogen. By 
these' methods it is seen, therefore, that the nitrogen of humus can be 
separated into fractional parts. 

Amide Nitrogen in Humus. 

The amide nitrogen in the original humus solutions was determined 
as ammonia, after slightly acidifying with hydrochloric acid, by distilla¬ 
tion with magnesium oxide. In similar manner the amide nitrogen was 
determined in the different portions of the humus. The results are shown 
in the following table: 

Amidk Nitrogsn in Humus. 

Determined in 



Determined 
directly. 
Per cent 
of soil 

Determined in 
filtrate after 
precipitation 
with dilute HCl. 
Per cent 
of soil (a). 

precipitate 
after subject¬ 
ing to acid 
hydrolysis. 
Per cent 
of soil (ft) 


Total. 


Lab. No 

a and b. 

Per cent of 
total soil N. 

Per cent, of 
total humus N. 

347 

0,100 

0 095 

0.073 

0 168 

13 .54 

21 70 

42B 

0 073 

0 074 

0 056 

0 130 

16.88 

22 03 

379 

0.059 

0.056 

0 061 

0 117 

19 76 

26 65 

406 

0 039 

0.040 

0 020 

0.060 

13 15 

26 55 

447 

0.033 

0 031 

0.027 

0 058 

16.38 

26.98 

345 

0.025 

0.022 

0.016 

0 038 

17.43 

25 85 

343 

0.020 

0 025 

0 018 

0.043 

19 54 

33 86 

405 

0.026 

0.014 

0 023 

0.037 

18.97 

42 53 

292 

0.009 

0 008 

O.OII 

0.019 

15.57 

32 76 





Average 

16 80 

28.77 


The relatively high percentage of amide nitrogen contained in the original 
humus solutions is noteworthy. It is apparent that the amide compounds 
are soluble in dilute hydrochloric acid, as shown by the fact that the fil¬ 
trates contain practically the same amount of amide as the original solu¬ 
tions. On the average the precipitates yielded upon hydrolysis practically 
the same amounts of amide nitrogen as were contained as such in the 
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original solutions. The total amide nitrogen when calculated to percent¬ 
ages of the total soil nitrogen varies somewhat, but on the average amounted 
to 16.80%. When calculated to percentages of the humus nitrogen it 
will be seen that the amide nitrogen varied inversely with percentages 
of the humus nitrogen. On the average 28.77% of the humus nitrogen 
was foimd to be in the form of amide. 

The percentage of amide nitrogen obtained by hydrolyzing these soils 
as a whole was previously shown to equal^ 23.91% of the soluble nitrogen, 
and, while it is true that the absolute amounts of amide nitrogen in the 
humus amoimted to somewhat less than that in the original soils, the per¬ 
centages in the humus solutions when calculated to percentages of the 
humus nitrogen were greater. 

Basic Nitrogen of Humus. 

The basic nitrogen in humus was determined, after removing the amides, 
by the phosphotungstic acid method, as already outlined. The results 
are recorded in the following table: 

Basic Nitrogen in Humus. 

Determined 



Determined 
in original 
solutions. 
Per cent, 
of soil. 

Determined in 
filtrate after 
precipitation 
with HCl («). 

Per cent, 
of soil. 

in precipitate 
after subject¬ 
ing to acid 
hydrolysis Q>). 
Per cent, 
of soil. 


Total (a and h). 


Lab. No. 

Per cent, 
of soil. 

Per cent, of Per cent, of 
total soil N. total humus N 

347 

0.028 

0.024 

0 010 

0 034 

2 74 

4 39 

428 

0.027 

0.025 

O.OIO 

0.035 

4.81 

5.93 

379 

0.017 

0.021 

0 007 

0.028 

4.73 

6.38 

406 

0,015 

0.014 

0 009 

0.023 

5 05 

10 18 

447 

0.021 

0.019 

0,006 

0.025 

7.06 

II 63 

345 

0.003* 

0 017 

0.017 

0 034 

15 59 * 

2313* 

343 

0 004* 

0 017 

0 008 

0 025 

II 36 

19 68 

405 

O.OII 

0.009 

0 008 

0 017 

8 71 

19 54 

292 

0 014 

0.009 

0 017 

0 026 

21.31* 

44-83’ 


Average 6.35 11 10 

The above data show that basic nitrogen occurred in practically the 
same amounts in both the original humus solutions and in the filtrates 
obtained by precipitation with dilute hydrochloric acid, indicating that 
the basic nitrogen compotmds, present as such, are soluble in dilute acid, 
as was the case with the amides. It is also noteworthy that the precipi¬ 
tates contained less basic nitrogen than the filtrates. The total basic 
nitrogen, calculated to percentages of the total soil nitrogen, shows a 
tendency to increase with a decrease in the absolute amount of nitrogen 
present and when calculated to percentages of the total humus nitrogen 
the same relationships are borne out, but in a more marked degree. 

^ Loc. cU, 

* Too low, apparently due to error. 

* Not included in average. 



THE ORGANIC NITROGEN OF HAWAIIAN SOILS. III. 


443 


On the average, the amount of basic nitrogen in the humus solutions 
was somewhat less than was obtained by hydrolyzing the soil as a whole, 
whereas the percentage of basic nitrogen, when calculated to the basis 
of the humus nitrogen present, was considerably greater. 

Non-basic Nitrogen. 

It is obviously not permissible to consider the difference between the 
total nitrogen in humus, on the one hand and the amounts of amide and 
the basic nitrogen tliat occurred in the original humus solutions, on the 
other, as non-basic nitrogen, for the reason that these solutions cannot 
be considered to have been completely hydrolyzed. It is well known, 
for example, that various proteins are somewdiat soluble in alkalies without 
the proteins undergoing any particular hydrolysis, as is shown by the fact 
that they can be precipitated in a more or less unaltered condition from 
such solutions. The nitrogen compounds in the filtrates obtained from 
precipitation with dilute hydrochloric acid, however, and also those split 
off in the hydrolysis of the humus precipitate, may reasonably be considered 
to be made up of amide, basic and non-basic nitrogen bodies. We have, 
therefore, calculated the amounts of non-basic nitrogen in these portions 
of humus. The results are shown in the following table: 

Non-basic Nitrogen in Humus. 


Lab No 

In the filtrate)) 
after precipi¬ 
tation with HCI 
Per cent, of soil. 

In the precipUates 
after subjecting to 
acid hydrolysis. 
Per cent of soil. 

Per cent, 
of soil. 

Total 

Per cent of 
total soil N 

Per cent, of 
total humus N. 

347 

0.196 

0.249 

0 445 

35 86 

57.49 

428 

0.148 

0.213 

0 361 

46 88 

61. iS' 

379 

0.052 

0.203 

0 255 

43 07 

58.08 

406 

0.063 

0.071 

0 134 

29 38 

58 84 

447 

0.055 

0.061 

0.116 

32 77 

53 94 

345 

0.031 

0.033 

0.064 

29.35 

43.54 

343 

0.027 

0.035 

0.062 

28 18 

48 82 

405 

0.046 

0 011 

0 057 

29 23 

45 17 


Average 34.34 53 38 

These data are of interest as showing the relatively large amounts 
of non-basic nitrogen in humus. It is especially noteworthy that on the 
average about 25% of the humus nitrogen occurred in the filtrates as non- 
basic nitrogen compounds, or 52.59% when calculated to percentage of 
the nitrogen soluble in dilute hydrochloric acid. Considering the solutions 
obtained upon hydrolyzing the humus precipitated by dilute hydrochloric 
acid, a still greater amount of non-basic nitrogen w^as found. On the 
average 64.84% of this nitrogen occurred in non-basic forms, which, when 
calculated to percentages of the total humus nitrogen, equals 31.98%. 
By combining these two portions it was found that 53.38% of the humus 
nitrogen was made up of non-basic nitrogen compounds. By referring 
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to the data shown in the previous paper^ it will be seen that the relative 
aiDounts of non-basic nitrogen in humus are somewhat less than the amounts 
obtained by hydrolyzing the soil as a whole. 

Considering the different groups of nitrogen compounds obtained from 
humus, the preceding data show that in absolute amounts less amide, 
basic and non-basic nitrogen were contained in the humus than were split 
off upon hydrolysis of the soil as a whole. But on the other hand the 
humus nitrogen bodies, as such, contained relatively more amide and basic 
nitrogen and less non-basic nitrogen than the soil nitrogen as a whole. 
In other words, the nitrogen of soils soluble in 3% sodium hydrate 

combined in bodies differing somewhat from the nitrogen bodies not 
soluble in the solvent. 

While it cannot be definitely stated that no hydrolysis took place as 
a result of the treatments employed in the extraction of the humus and 
in the solutions subsequently, it seems probable that a considerable part 
of the humus nitrogen had already undergone some hydrolytic change in 
the soil. As previously stated, it is certain that the protein complex must 
become split up into simpler components before its nitrogen becomes 
available to plants. These components are now known to consist prin¬ 
cipally of acid amides and amino acids. The humification process, re¬ 
sulting in a considerable simplification of the protein complex with the 
probable cleavage of the amide, diamino and monoamino acids, therefore, 
ia to be looked upon as a step towards the production of available nitrogen. 

Honoi<ulu, H. I. 


[From thb Department op Animal Husbandry, University op Illinois. ] 

A PRELIMINARY STUDY OF THE CHANGES OCCURRING IN 
MEATS DURING THE PROCESS OF DRYING 
BY HEAT AND IN VACUO.* 

By L. H. Davis and A. D. Emmett. 

Received December 16 , 1913 . 

It is a well known fact that some food products, when heated to loo- 
105 *, give a lower percentage of dry substance, than when dried in vacuo 
at room temperature (20“), or lower.* Especially is this difference ap¬ 
parent for substances which contain certain sugars, oils, or fatty acids. 
Oil the other hand, there is a tendency for some of the fats to oxidize, when 
heated to 100-105“, and thus indirectly the dry substance of such materials 
»increased. 

Of the two methods of drying, the use of heat at 100-105 “, with or with- 
* L*c. cit. 

' *Tlie results ptesented in this paper formed part of the thesis which was sub- 
laittied by Uoyd H. Davis to the Graduate School of the University of niinois in partial 
fidfiUmeat of the requirements for the degree of Master of Arts in Chemistry. < 



STUDY OF TH« CHANGES OCCURRING IN MEATS. 


445 


out a current of gas passing over the products, is generally used, it is 
simpler and can be carried out in a comparatively short time. In com¬ 
mercial work, the vacuum method is not practical, except in special cases 
where the heat method gives very erroneous results. 

In addition to the total loss or gain upon drying food materials at high 
temperatures, it is also of interest to study the chemical changes that 
take place during the process of drying in vacuo and some desiccating 
agent, as sulfuric acid, at room temperature. That is, to compare the com¬ 
position of the fresh undried sample w^ith the composition of a representa¬ 
tive portion dried in vacuo. 

The specific object of this investigation was, therefore, to procure 
information as to the comparative value of these two methods of drying 
with reference to meats. It involv^ed: (i) a comparison of the dry sub¬ 
stance and fat content of samples dried by the heat and vacuum methods; 
(2) a study of the influence of the resulting differences in the dry substance 
and the fat, upon the percentage values of the forms of nitrogen, and (3) 
a determination of the effect of vacuum drying u])on the forms of nitrogen 
in the fresh undried meats. 

Experimental. 

Preparation of the Samples. —The meats were thoroughly ground and 
mixed. A portion of the fresh samples was analyzed immediately. The 
remainder of each sample of meat was desiccated as follows: It was spread 
out in thin layers over the bottom of Petri dishes. These vessels were 
then placed in a tight receptacle, w’^hich was in turn surrounded by a 
mixture of salt and ice. As soon as the meat was frozen, the dishes were 
transferred quickly to chilled vacuum desiccators which were then evacuated 
and put in a refrigerator. When the meat became dry enough to cml 
up around the edges, the dishes were carefully removed in order to turn 
the meat over and break it up. The sulfuric acid w^as also renewed at this 
time. The desiccators were again evacuated. The drying was then 
continued at room temperature (20°). After drying five or six days, the 
meat was taken out, and ground to pass through a millimeter sieve. The 
entire sample was again spread out in dishes and dried in vacuo at room 
temperature for two to three days. It was then mixed for analysis. 

Determinations Made and the Methods Used. —^The following constituents 
were determined in the fresh and desiccated meats: dry substance, fat^ 
total nitrogen, water-soluble nitrogen, coagulable nitrogen, proteose 
nitrogen and creatin. 

The methods used were as follows: i. Dry substance by (a) the heat 
method and (h) the vacuum method. 

(a) The weighed samples were dried at 100-105® in an air oven for 
12 hours. They were then heated for periods of one and a half to two 
hours, until they became constant in weight. 
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(f>) The samples were put in vacuum desiccators containing pure 
ccmcentrated sulfuric add. The desiccators were evacuated and placed 
upon an automatic shaker. The drying was continued for 4 to 5 days, 
the add being renewed once during this time. The samples were then 
dried for 24-hour periods until they became constant in weight. 

The dishes used in the drying were in all cases lead caps provided with 
dosely fitted covers. The measurements of the dishes were 2V4 inches 
in diameter and ^/i inches deep. The caps and the corresponding covers 
were kept together and as soon as they were removed from the oven, 
in the case of the heat method, the covers were put over the caps at once 
and the whole placed in a desiccator. No more than six caps were put 
in the same desiccator. The weighings were made in about 45 minutes, 
after removing the dishes from the oven. In the case of the vaccum 
method, when the air was allowed to enter the desiccator in order to re¬ 
move the dishes, it was dried by passing through sulfuric acid. 

2. Pat. The dried residues, from la and 16 above, were extracted for 
at least 24 hours with dry redistilled ether. The fats were heated at 
100-105° until they became constant in weight. 

3. Total nitrogen. The Kjeldahl-Gunning-Arnold method was fol¬ 
lowed.* This involved the uses of mercury, potassium sulfate, and sul¬ 
furic acid. The digestion was continued for 2V2 hours after the charred 
mixture became clear. 

4. Water-soluble nitrogen. In the case of the desiccated meats, the 
method of making the cold water extract was the same as the one which 
was formerly used in this laboratory.® For the fresh meats, a modifica¬ 
tion of this method was followed. This involved the use of a centrifuge 
and thoroughly extracted sand. The temperatiure of the water was about 
10° in both cases. 

5. The soluble nitrogen was determined by the same method as given 
in 3 above. 

6. In the case of the coagulable nitrogen, aliquot portions of the water 
extract were evaporated to 30 cc., neutralized to litmus, heated again and 
filtered. The nitrogen was determined in the coagulum. 

7. For the proteose nitrogen the filtrates from 6 were evaporated to 
30 cc. After acidifying them with sulfuric acid, they were saturated with 
zinc sulfate. The nitrogen was then determined in the separated protein. 

8. The creatin was estimated in portions of the water extract from which 
the coagula had been removed. Folin's method^ as modified by Benedict 
and Myers, and by Emmett and Grindley was used. 

Discussion of Results. 

Effect of the Methods of Drying upon the Percentage of Dry Substance, Faf 

and Nitrogen, 

The data for the dry substance and fat are given in Table I, calculated 
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to the fresh basis. It will be seen, comparing the values for the heat and 
the vacuum methods, that there is a distinct difference between the per¬ 
centage of dry substance in the two series of data. The vacuum method 
gives higher results in every case. This fact is more pronounced with the 
desiccated meats. 


Tabu® I.—Thb Percentage op Dry Substance and Pat in the Fresh and Desic¬ 
cated Meats 

Dry substance Pat 



Fresh meats 

Desiccated 

meats 

Fresh meats 

Desiccated meats 

Lab No 

Vacuum 

method 

Heat 

method 

Vacuum 

method 

Heat 

method 

Vacuum 

method 

Heat 

method 

Vacuum 

method 

Heat 

method 

312112 

29 37 

29 00 

98 48 

q 8 19 

4 89 

5 35 

17 78 

17 23 

31.2512 

26 83 

26 69 

99 05 

97 18 

3 79 

3 90 

15 64. 

15 62 

313^^12 

25 62 

24 85 

98 17 

95 24 

2 17 

2 04 

6 75 

6 55 

313012 

25 89 

24 97 

98 51 

97 25 

I 62 

I 54 

4 99 

4 76 

313312 

24 58 fl 

lost 

96 85 

94 91 

I 37a 

lost 

5 56a 

4 32a 

312612 

24 40 

23 95 

b 

b 

2 02 

2 07 

b 

b 

313412 

b 

b 

98 65 

96 60 

b 

b 

6 90 

6 42 

313512 

b 

b 

96 71 

95 35 

h 

b 

9 <>4 

9 68 

Average 

26 42 

25 89 

98 06 

96 39 

3 12 

2 98 

10 28 

10 04 


a Omitted from average 
ft Not determined 

The average values are, for the fresh meats, 26.42 and 25.89% by the 
vacuum and heat methods, respectively, and for the desiccated meats, 
they are 98.06 and 96.39%. In the former case, there is a difference of 
0.53% in favor of the vacuum method, and in the latter case, one of 1.67%. 
Expressed in per cent, of the total dry substance, determined by the vacuum 
method, the differences are i .6 and 2.0% for the fresh and desiccated meats, 
respectively. 

Comparing the data for the fat, there is no evidence as to whether the 
•samples that were dried by the vacuum method gave higher, or low^er, 
results than those that were dried by the heat method. With the ex¬ 
ception of the one vSample of the fresh meat, No. 312112, the differences 
are no greater than what one might expect to find between duplicate or 
triplicate determinations. Thus, the difference between the average 
values for the two series of data is 0.14% for the fresh meats, and 0,24% 
for the desiccated meats, while the average difference between duplicates 
by the heat method is 0.20, and by the vacuum method, 0.18%. The 
.average results for the fat are for the fresh meats 3.12 and 2.98% for the 
vacuum and heat methods respectively, and for the desiccated meats, 
10.28 and 10.04%. 

In Table II, the data for the fat are calculated to the dry basis, using 
the two different values for dry substance. Excepting the sample of 
fresh meat No 312112, the differences between the two series of data 
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cannot be attributed to the methods of drying, any more than to the errors, 
that might have occurred in the sampling and the analysis. Taking the 
averages for the fresh meats, the values for the fat are 9.28 and 9.41% 
for the vacuum and heat methods, respectively, and in the desiccated 
meats, they are 10.44 10.36%. 


Tabus II.— ^Thb Pbrcbntagb op Fat in thb Frbsh and Dbsiccatbd Msats. 

Calculated to the Dry Basis. 



Fresh 

meats. 

Desiccated meats. 

Lab. No. 

Vacuum 

method. 

Heat 

method. 

Vacuum 

method. 

Heat 

method. 

312112. 

.. 16.65 

18.45 

18.05 

17.55 

312512. 

14.13 

14.61 

15 79 

16 07 

313812. 

.... 8.47 

8.21 

6 88 

6.88 

313912. 

. 6.26 

6.17 

5 07 

4.89 

313312. 

5 53 

lost 

5 74 

4 55 

312612. 

8 28 

8 65 

a 

a 

313412. 

. . a 

a 

6.99 

6 65 

313512. 

a 

a 

9 97 

10.15 

Average all, A . .. 

. . 9.286 

9.4th 

10.446 

10.33b 

Average, B, 312112 to 312612 .. 

... 10.21 


TO 31 



a Not determined. 
b Omitted 313312- 


From the above discussion of the data for the dry substance and fat, 
it would seem that the differences that occurred in the former constituent 
may be due to one or more of the following: (i) mechanical occlusion 
of water in the desiccated meats, or (2) loss of fatty matter in the subse¬ 
quent heating of the fats extracted from the desiccated meats, or (3) 
the possible, although less probable, partial decomposition of the fresh 
meats by bacteria, during the early stages of the desiccation. 

In order to show the influence of the two methods of drying upon the 
nitrogenous bodies in the meats, the results were calculated to the dry 
basis, using the two respective values. The averages are, for the fresh 
meats, 13.00% when vacuum dried, and 13.28% when heat dried, and for 
the desiccated meats, 13.50% and 13.74%, respectively. These differ¬ 
ences are slight and as already stated for the dry substance, they amount 
to but 1.6 and 2.0%. They are no greater than those that were found 
to exist between the duplicate determinations. 

To obtain more information as to the effect of heat upon the total nitro¬ 
gen in meats, this constituent was determined in triplicate on representa¬ 
tive portions of a sample of beef. Four portions were dried as follows; 
(a) 20 hours at 100-105®; (f>) 9^ hours at 100-105®; W i^^itil constant in 
weight in vacuo at room temperature (20®); and (d) 48 hours at 130®. 
The results, calculated to the fresh basis, are: 
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Per cent. N. 

^a) Dried at 100-105® for 20 hours. 3.624 

'(6) Dried at 100-105° for 96 hours. 3.615 

i(r) Dried in vacuo 20-25° to constant weight .3.632 

id) Dried at 130° for 48 hours. . 3 450 


From these data, it would seem that there was but very slight loss, 
if any, on drying the meats at ioa-105® as compared to the value found 
by the vacuum method. There was an apparent loss of nitrogen, how¬ 
ever, upon raising the temperature to 130°. 

Changes Occurring in the Forms of Nitrogen in Meats during 

Desiccation. 

It has been shown in this laboratory that the composition of meats, 
when air-dried, compares very favorably with that of the fresh undried 
samples, when the two sets of data are calculated to the dry basis.® In 
these instances the analyses included dry substance by heat, fat, ash and 
total nitrogen. 

Tabi^B III. —The 1 'ercentage op the Forms of Nitrogen in the Fresh and Desic¬ 
cated Meats 

Water-soluble nitrogen. 



Total nitrogen 

Total 

Coagulahle. 

Proteose 

Creatin. 


Fresh 

Desic¬ 

cated 

Fresh 

Desic¬ 

cated 

Fresh 

Desic¬ 

cated 

Fresh 

Desic¬ 

cated 

Fresh 

Desic¬ 

cated 

I,ab No 

meats. 

meats 

meats 

meats. 

meats 

meats 

meats 

meats. 

meats 

meats. 

312112 

3.49 

12 03 

0 868 

2 462 

0 486 

I 189 

0 026 

0 054 


0 626 

312512 

342 

12.30 

0 746 

2 372 

0.386 

0.788 

0 028 

0 181 



313812 

3.45 

13 40 

0 798 

2 615 

0.393 

1 .031 

0.023 

0 079 

0 130 

0.336 

313912 

3-51 

13 99 

0.717 

2.535 

0 374 

I 209 

0 014 

0 061 

0.II5 

0.503 

313312 

3 45 

14 30 

0 845 

2 902 

0 ^63 

I 246 

0.016 

0 100 


0.601 


Referring to Tables I and III, the composition of the fresh and desic- 
■catcd meats can be compared for corresponding samples. Nos. 312112 to 
3^33^2, inclusive. Owing to the higher per cent, of dry substance in 
the desiccated meats, their average composition differs greatly from that 
of the fresh samples. Therefore, a comparison of these data, calculated 
to the dry basis, will tlirow^ more light upon the question at issue. 

In Table II, the data for the fat, calculated to the dry basis, show that 
the average percentage values are 10.21 and 10.31, respectively, for the 
fresh and desiccated meats. Comparing the results for the corresponding 
samples, the differences in fat are quite great in some cases. Thus, 
for sample No. 312112, the per cent, of fat in the fresh meat is 16.65, 
and in the desiccated meat 18.05. And in No. 313812, the percentage 
values are 8.47 and 6.88, respectively, for the undried and dried meats. 
There is no apparent explanation for this irregularity in the data. 

The results for the nitrogen upon the dry basis arc given in Table IV. 
The total nitrogen, with the exception of No. 312512 is higher in the desic¬ 
cated meats. The average values are 13.14% for the fresh samples, 
and 13.45% for the desiccated samples. This difference is possibly the 
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result of the reduction of some of the nitrogenous bodies, due to the action 
of bacteria in the early stages of the desiccation. 

Tabi^e IV.— Thb Pbrcbntagb of thb Forms of Nitrogbn in thb Frbsh and Dbsic- 

CATBD MBATS. 

Results Calculated to the Dry Basis. 

Water-solable nitrogen. 



Total nitrogen. 

Total 

Coagulable. 

Proteose. 

Creatin. 

tab. No. 

Fresh 

meats 

Desic¬ 

cated 

meats. 

Fresh 

meats. 

Desic¬ 

cated 

meats. 

Fresh 

meats. 

Desic¬ 

cated 

meats. 

Fresh 

meats 

Desic¬ 

cated 

meat.s 

Fresh 

meats. 

Desic¬ 

cated 

meats 

3x2112 

II 89 

12.22 

2.95 

2 50 

I 655 

I 207 

0.089 

0.055 


0.636a 

312512 

12.75 

12 .42 

2.78 

2.39 

1.439 

0.796 

0 104 

0.183 



313812 

13.4s 

13.6s 

3-11 

2.66 

1 534 

1.050 

0.090 

0.101 

0.507 

0.342 

3139x2 

13.57 

14.20 

2.77 

2.57 

1-445 

I .226 

0.054 

0.070 

0.444 

0 504 

3x3312 

14.02 

X 4-77 

3 44 

3 00 

I 884 

I .287 

0 065 

0 103 


0 621a 

Average 

13 14 

13.45 

3 01 

2.63 

1.591 

I .113 

0 080 

0 102 

0 475 

0 423 


a Omitted from average. 


The soluble nitrogen is distinctly lower in the desiccated meats than 
in the imdried samples, the averages being 2.63 and 3.01%, respectively, 
or a percentage difference of 12.8. The fact that the percentage of soluble 
nitrogen is lower in each of the five samples of desiccated meat, is significant. 
This difference in the solubility of the nitrogen is due probably to the 
physical nature of the desiccated meats, since they are made up of fine 
particles which are hard, brittle, and horny. 

The fact that the fressh samples were extracted by the centrifugal 
method, and the desiccated meats by the “beaker*' method may be respon¬ 
sible for some of the differences in the percentage of soluble nitrogen in the 
two kinds of meat. The completeness of the extraction by the beaker 
method has been tested with fresh meats in this laboratory.^ 

Tab^b V.— ^Accuaracy of thb Watbr Extraction Mbthod with Dbsiccatbd 


tab. No. 

^ I. 

Water extracts. 

11. 

MBATS.a 

III. Average. 

Analysts. 

313512, 

2.520 

2-571 

2.578 

2.556 I 

1 

3135x22 

2.591 

2.546 

2.578 

2.572 1 

f Davis and Emmett 

3135x23 

2.496 

3.8446 

2 554 

2.525 j 

1 1912 

Average 

2 536 

2.559 

2.570 

2.551 


3246131 

2.020 

2,042 

I.7486 

2.031 ] 

^ Davisson and Emmett 

3246132 

2.049 

2 .051 

1.998 

2.030 J 

X913 

Average 

2.034 

2 .046 

1.998 

2.030 


From the 

report of the referee (Emmett) on the separation of nitrogenous bodies 


in meats: U. S. Dept. Agric., Bur. Chem., A. O. A. C. igiz and 1913. 
b Omitted from average. 

* The data in Table V ^ow that this method works well with desiccated meats. 
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It will be seen that the data for the heat coagulable nitrogen (Table 
IV) are lower in the desiccated meats. The average values are 1.113% 
for the dried samples, and 1.591% ^or the fresh samples, a difference of 
30%. While the method for determining this form of nitrogen is not as 
accurate as that for the total, the errors due to the method, when it is 
carried out properly, are much less than the differences found here. 

It is interesting to note that these differences between the fresh and 
desiccated meats, in the case of the soluble and the coagulable nitrogen 
are nearly the same, being 0.452 and 0.478%, respectively. In other 
words, it appears that one of the fundamental changes that took place 
during the process of the desiccation of the meats was the partial coagula¬ 
tion of the water-soluble protein, and as a result, the solubility of the total 
nitrogen was decreased. 

The data for the proteose nitrogen indicate, with the exception of 
sample No. 312112, that there w^as a distinct increase of this constituent 
in the desiccated meats. The averages for the fresh and the desiccated 
samples are 0.080 and 0.102^’^, respectively. 

This change in the proteose form is due probably, in part at least, to the 
action of enzymes during the preliminary drying. While it is generally ad¬ 
mitted that the acid zinc sulfate method of determining the proteose 
nitrogen is far from satisfactory, the fact that four of the five desiccated 
samples had higher values than the corresponding fresh samples, is good 
evidence that the difference is due to the chemical composition of the meat 
rather than to the errors in the method. 

Regarding the creatine data, little can be said, on account of the small 
number of determinations that were made on the fresh meats. The 
average value for the fresh meats is 0.475%, and for the desiccated meats, 
o-423%- 

Table VI.— The Percentage of the Forms of Nitrogen in the Fresh and Desic¬ 
cated Meats. 

Results Calculated to the Dry and Fat-free Basis. 

Water-soluble nitrogen. 

Total nitrogen. Total. Coagulable. Proteose. Creatin. 

Desic- Desic- Dcsic- Desic- Desic- 

Fresh cat^ Fresh cated Fresh cated Fresh cated Fresh cated 

Lab. No meats meats, meats, meats, meats meats meats. meats meats meats. 

312112 14.27 14.91 5 54 3 05 1.99 I 47 O 107 o 134 O 776a 

312512 14.85 14.74 3 24 2.84 I 68 0.94 o 121 o 217 

313812 14.69 14.67 3.40 2.89 I 68 1.15 o oq8 o 110 0554 0*374 

313912 14.48 15.19 2.95 2.75 1.54 1*33 0058 0075 0.474 0539 

313312 15.20 15.67 3.73 3.18 2.04 1 36 0070 o 109 0659a 

Average 14.70 15.04 3.37 2 94 1 78 i 25 o 091 o 129 o 514 0.456 

a Omitted from average. 

In order to eliminate the possible influence of the variations in the per- 
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•centage of fat, the data in Table III are presented on the dry and fat- 
free basis. These results confirm the statements that were made with 
reference to the relative composition of the fresh and desiccated meats, 
namely, that the latter samples have a slightly higher per cent, of total 
nitrogen and of proteose nitrogen, and a lower per cent, of total water- 
soluble and of heat coagulable nitrogen. The respective average values 
are: for total nitrogen, 14.70 and 15.04%; for proteose nitrogen, 0.091 
and 0.129%; for water-soluble nitrogen, 3.37 and 2.94%, and for the heat 
coagulable nitrogen, 1.78 and 1.25%. 

Table VII. —Distribution op the Water-Soluble Nitrogen. 

Results Expressed in Per cent, of the Total Nitrogen. 



Total soluble. 

Coagulable. 


Proteose. 

Lab. No. 

Fresh 

meats. 

Desiccated 

meats. 

Fresh 

meats. 

Desiccated 

meats. 

Fresh 

meats. 

Desiccated 

meats. 

312112 

24-85 

20.46 

13.91 

9.88 

0.74 

0.90 

312512 

21 81 

19.29 

11.28 

6 41 

0.82 

I 47 

313812 

23.16 

19.69 

11.40 

7.83 

0.67 

0.75 

313912 

20.40 

18.12 

10 64 

8 76 

0.40 

0.49 

313312 

24 51 

20.29 

13.43 

8 71 

0.46 

0.70 

Average 

22.95 

19.57 

12.13 

8.32 

0.62 

0.86 


The distribution of the forms of water-soluble nitrogen in the two series 
of samples is given in Table VII, expressed in per cent, of the total nitro- 
.gen. 

From the above data, the total nitrogen of the fresh meats contains 
a higher per cent, of water-soluble and heat coagulable nitrogen than does 
that of the desiccated meats, and a lower per cent, of proteose nitrogen. 
The respective average values are, for soluble nitrogen, 22.95 i9-57%I 

for heat coagulable nitrogen, 12.13 and 8.32%; and for proteose nitrogen, 
0.62 and 0.86%. In this connection, it should be noted in the case of 
both the total soluble and coagulable nitrogen, that the highest values 
in the desiccated meats are no greater than the lowest values in the fresh 
meats. 

Summary and Conclusions. 

1, In determining the dry substance in fresh and desiccated beef, the 
percentage values were higher with the vacuum method than with the 
heat method at 100-105®. The difference between the two procedures 
was about i .9% of the dry substance, as determined by the vacuum method. 

2. The percentage of fat (ether-soluble matter) in the dried residues from 
the heat and the vacuum methods was not influenced apparently by the 
method of drying. Since the fats, after extraction, were dried in both 
cases at 100®, there is a possibility that some of the fat from the vacuum- 
dried samples was volatilized at this stage. The average values were: 
ior the fresh meats 3.X2 and 2.98% for the vacuum and heat methods. 
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respectively, and for the corresponding desiccated samples, 10.28 and 
10.04%. 

3. Calculating the data for the forms of nitrogen to the dry basis, 
using the values obtained by the two methods, the results were from 1.2 
to 2.0% lower in the case of the vacuum-dried samples. 

4. There was no loss of nitrogen upon drying the meats at 100-105®. 
There was a small loss of nitrogen when the samples were heated at 130®. 

5. Comparing the composition of the fresh and desiccated meats, the 
average percentage fat content of the vSamples, when calculated to the dry 
basis was not altered during the desiccation. The respective values were 
10.31 and 10.21%. There were, however, distinct individual irregularities 
in some of the .samples. 

6. The percentage of total nitrogen in the desiccated meats was slightly 
higher than in the fresh samples. The respective values were, upon the 
dry basis, 13.14 and 13.45%, ^nd upon the clr\^ and fat-free basis, 14.7a 
and 15 04%. 

7. The solubility of the nitrogen decreased upon desiccation. The average 
values for the desiccated meats were 3.01% on the dr\" basis and 3.48% 
on the dry and fat-free basis, while the corresponding data for the fresh 
meats were 2.63 and 2.94^^ ^» respectively. Expressing the per cent, of 
soluble nitrogen in terms of the total nitrogen, the fresh meats had 22.95% 
of water-soluble nitrogen, and the desiccated meats 19.57%;. 

8. The percentage of coagulable nitrogen was lowered during desicca¬ 
tion by about 30%,. The average values were 1.591 and 1.113%, 
respectively, for the fre.sh and dried meats upon the dry basis, and 1.784 
and 1.252% upon the dry and fat-free basis. Of the total nitrogen, 
12.13% was coagulable in the fresh meats, and 8.32% in the desiccated 
meats. 

9. There was a distinct and significant increase in the percentage of 
water-soluble proteose nitrogen in the desiccated meats, amounting on 
the average to 22% of that found in the fresh, undried meats. 

Further study is contemplated along this line, and it is the intention 
to include other meats, differing not only in kind but in degree of fat¬ 
ness. 

The authors gladly take this opportunity of expressing their apprecia¬ 
tion to Professor Grindley for the helpful suggestions which he offered. 
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URBANA-ChAMPAIGN. iLUNOXa. 


NOTE. 


Uses of the Concentrated Filament Tungsten Lamp in the Laboratory .— 
In laboratories where much microscopic work is done, it is frequently 
necessary, or preferable, to depend upon artificial light; and for this pur¬ 
pose the Welsbach gas lamp seems to be quite generally UwSed, while the 
Nemst lamp is also used to some extent, with seemingly good results. 
During the past few months'there has been in use in this laboratory, for 
such work, a stereopticon type of tungsten lamp which has proven so satis¬ 
factory as to make it seem probable that a description of it may be of 
interest to others. The lamp is rated at 100 watts, and probably gives 



Fig. I. 



Fig. 2. 


about 60 c. p. The filament, instead of being strung out in straight 
loops between the points of support, is formed into a close coil, which is 
looped over supports about one centimeter apart (see Fig. 2), and loops 
forming an open cylinder about one centimeter in diameter. Thus when 
looked at from the side, the entire light-giving element is concentrated 
in a space about one centimeter square. The lamp is provided with a 
round blub about 7.5 cm. in diameter. 

The lamp has also been used with the polarimeter for the investigation 
of the rotatory power of solutions which are too highly colored or which 
cannot be cleared by the ordinary methods and are too cloudy to trans-^ 
mit sufficient light from the ordinary sources for satisfactory reading. 
It has the advantage over the ordinary dear bulb tungsten lamp, that no 
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bright-line images bf portions of the filament are formed in the field of 
the instrument, and the intensity is very much greater than that obtain¬ 
able with the frosted bulb lamp. No doubt other uses may be found for 
such a lamp in general laboratories. 

The lamp is shown in the accompanying figures, and the specifications 
for it are as follows: Mazda, stereopticon type (concentrated filament), 
lOO-watt, no-volt, G-30 bulb, unskirted. 

A 60-watt lamp has also been made, having a smaller bulb. So far as 
the writer knows, they have not been made for 2 20-volt circuits, though 
two in series could be operated at this voltage, of course. 

In laboratories having the proper current, the new nitrogen-filled 
Mazda lamps will, no doubt, prove useful for the same purposes as the 
above described stereopticon lamp. This lamp is made in a 100 c. p. size, 
taking lo amperes at 6 volts—about 0.6 watt per candle—in a bulb of the 
same size as the first lamp mentioned, the filament consisting of a single 
heavy loop; also for 6.6 ampere (street-series) at voltages from 6 to 50. 

F. Alex. McDermott. 

Msllon Instituts op Industkiai. Rbssarch. 

Univsrsity op Pittsburoh, 

Pittsburgh. Pa 
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L’Etude physico-chimique des Sels chromiques. Par A. S^n^schal. Nr. 5 des 
Publications dc la Societe de Chimie-Physique, pp. 28, 1913. Paris, Librairie 
Scieiitifique, A. Hermann ct Fils Price 2 francs. 

The differently colored modifications of chromium chloride, nitrate, 
sulfate, etc., have offered an alluring problem to chemists for more than 
a century'. Little progress was made in their study until Recoura, in 
1887, resorted to methods of physico-chemical analysis. 

S6n6schal in this short pamphlet reviews the work of Recoura and the 
physico-chemical investigations which have succeeded it in this field, 
displaying that lucidity of statement which is .so often encountered 
among French writers. Of these investigations those of Werner have 
been of the greatest importance. 11 is coordination theory has proven 
very illuminating when applied to these salts, and has furnished the only 
satisfactory classification of them; indeed, by its aid, we can deduce the 
architecture of the green hexahydrate of chromium chloride, in greater 
detail than is possible with almost any other inorganic compound. 
Werner's work and the careful measurements of Bjerrum on the rates of 
transformation of, and on the equilibria between, different modifications 
of chromium chloride in solution, constitute the principal subject matter 
of the pamphlet. 

Since what the author gives is so well given, we regret that he did not 
give us more. He has ignored a number of recent investigations specifically 
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dealing with his field; namely, those of Olie, Weinland and Koch, Graham, 
Keiffer and the most recent investigations of Werner, and others. Indeed, 
he has not even mentioned these investigations in his bibliography. 

Arthur B. Lamb. 

L’Addivit6 des Propri6t6s Diamagnetiques et son Utilisation dans la Recherche des 
Constitutions. By Paul Pascal. No. VI des Publications de la Soci6t6 de 
Chimique-physique. 8 26 pp., i franc. Librairie Scientifique, A. Hermann et 

Fils, Paris, 1913. 

In the last few years, the study of organic compounds from the point 
of view of magnetochemistry has developed so rapidly that its methods 
now promise to rank as equally important in the physico-chemical in¬ 
vestigation of structure as those of spectrochemistry. What Briihl 
was in the latter field, Pascal, the author of the pamphlet before us, has 
made himself in the magnetochemical investigation of structure. The 
pamphlet is a publication of an address given last April before the Soci^t^ 
de Chimique-physique in Paris. It presents a lucid, concise and up-to-date 
survey of the most important of the conclusions arrived at by this brilliant 
investigator. Organic chemists will be especially interested in the views 
presented in connection with such old friends in the arena of structure as 
tautomerism, residual valences, benzene, naphthalene.^ But all chemists 
should be interested alike in one of the most important of the modern 
questions concerning the structure of the molecule, which the electron 
theory of valence at length promises to put on a definite experimental 
basis^—namely, the question of the influence of neighboring, but not di¬ 
rectly linked, atoms and groups on one another: The magnetochemical 
liiethod of investigation claims to be capable of measuring these effects 
quantitatively. For instance, it is of interest to note that in alkyl halides 
there is plainly manifest an attraction between the hydrogen and the halo¬ 
gen atoms attached to neighboring carbon atoms, an attraction so intense 
as to make the molecule approach decidedly toward the formation of an 
ethylene group—if indeed the results do not show that in a fraction of the 
molecules such ethylene groups have been actually formed with liberation 
of halogen acid.® Julius Stieglitz. 

Chicago, Dec. 15. 1913. 

^ The author refers to Claus’s and Bamberger’s theories but not to that of Arm- 
strong-Baeyer, of which Bamberger’s work is an outgrowth. 

* See, for instance, the simple and instructive application of such views to nitric 
acid and ammonium hydroxide by W. A. Noyes, This Journal, 34, 663 (1913). 

® Chemists unfamiliar with this field but interested in it, will find Wedekind’s 
Magnetochemie (Borntraeger, Berlin, 1911) an excellent introduction to it, with ample 
references to original articles. 
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The following data have been obtained in the various investigations 
upon atomic weights published during 1913. Since in the past similar 
summaries have been essentially non-critical, the results are quoted with¬ 
out comment in the present report. 

Oxygen. —Gennann* has redetermined the weight of the normal liter 
of oxygen, and has obtained a value essentially identical with the one com¬ 
monly accepted. 


Globe 1. 

Globe 2 . 

Globe 3 . 

Globe 4 . 

872.33 cc. 

455.72 cc. 

410 27 cc. 

252.004 cc. 

1.42889 

1.42906 

I 42941 

I 42941 

1 42901 

I.4*936 

1 42 Q 4 f» 

I .42906 

1.42877 

I 42815 

I 42896 

1 42837 

1.42847 

I 42950 

1 42896 

I. 42915 


GcncTal mean, r 42900 

Helium. —Reuse,^ in seven experiments with a 547 cc. globe, finds 
the weight of the normal liter of helium to be as follows: 

* CompL rend., 157, 926 (1913}, 

2 Verh. deutsch. pkys. CeselL, 15, 518 (1913). 
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o 17845 
0.17851 
o 17868 
o. 1786a 
0.17825 
0.17890 

0.17853 


Mean, o 17856 

t By the method of limiting densities he then calculates the molecular 
smd atomic weight of helium to be 4.002. 

Chlorine and Fluorine ,—^Jaquerod and Tourpaian^ have determined the 
densities of chlorine and silicon tetrafluoride botli by displacement of 
the gases with a vessel of^known volume, and^by the use of an ordinary 
density globe. Measurements were made at 15-20® and about 725 mm. 

Weight of one liter 
of chlorine at 0*^ 
and 725 mm. 

By displacement.3.0630 at 15 ® 

By displacement. 3.0632 at 15® 

By density globe . . .3 0624 at 15® 

By density globe. 3.0629 at o® 

Mean, 3.0619 

Corrected for the deviation from Boyle’s law, the weight of the normal 
liter is 3.2137 grams. 

Weight of one liter 
of silicon tetrafluoride 
at 0 ^ and 725 mm. 


By displacement.4.475© 3 experiments at 20® 

By density globe. 4-4757 3 exi)eriments at 20® 

By density globe. 4.4760 3 experiments at o® 


Mean, 4 -4756 

The weight of the normal liter is then calculated to be 4.6929 grains. 

By the methods of '‘corresponding densities” and “critical constants” 
the atomic weight* of chlorine is computed to be 35.28 and 35.27, respec¬ 
tively, and that of fluorine 19.10 and 19.09, the atomic weight of silicon 
being assumed to be 28.3. 

Silver, Sulfur and Chlorine. —Scheuer* dissolved weighed amounts of 
pure silver in concentrated sulfuric acid. The sulfur dioxide evolved 
was liquefied and weighed. The silver sulfate, after it had been fused 
and weighed, was changed to silver chloride in a current of hydrochloric 
acid gas, and the silver chloride was weighed. 

1 J. chim. phys., ii, 3, 269 (1913). 

2 Arch, set. phys. naL, [4] 36, 381 (1913)- 
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Wt. Af . 

Wt. SOj. 

wt. Ag»S 04 . 

wt. AgCl. At wt Ag, 

At. wt. S. 

At. wt. Cl. 

8.63592 

2.56427 

12 48x00 

11 47436 

107 881 

32.066 

35.45B 

5.99316 

1.77946 

8 66142 

7 96296 

107 888 

32.067 

35.460 

10.21X24 

3.03204 

14-76768 

13 56757 

107 884 

32.069 

35.460 

8.96085 

2.66050 

12.95023 

II 90590 

107.891 

32.066 

35.459 

9.70232 

2 88105 

14 02239 

12.89159 

107 877 

32.067 

35 460 




Mean, 

107 884 

32 067 

35.460 

Silver.- 

—Richards 

and Cox' 

have shown 

it to be 

improbable that 


lithium perchlorate, as prepared by Richards and Willard in their work 
upon the atomic weights of silver and lithium, contains any residual 
water. The value for the atomic weight of silver obtained by the latter, 
107.871, therefore needs no correction. 

Calcium. —The atomic weight of calcium has been determined by 
Oechsner de Coninck^ by the conversion of weighed amounts of calcium 
carbonate into calcium sulfate, with the following results: 


Weight CaCO* 

Weight CaS 04 . 

At. wt. Ca. 

0.3300 

0 4486 


40.16 

0 2640 

0 3590 


40 04 

0 3630 

0 4935 


40 13 

0 2541 

3454 


40 19 

0 1524 

0 2072 


40.11 



Mean, 40 13 


Barium. —Oechsner de Coninck^ has also determined the atomic weight 
of barium through the carbonate by weighing the carbon dioxide evolved 
with nitric acid. The value 137.36 was obtained. 

Radium. —Honigschmid^ has published additional data upon the analysis 
of radium bromide, and for sake of completeness all his results with the 
above salt are quoted below'. In some analyses silver bromide was pre¬ 
cipitated and weighed, in others the radium bromide was compared with 
silver. Ag == 107.880. Br = 79.916. 


Weight RaBrs. 

Weight AgBr. 

At. wt. Ra. 

I.170X6 

1.13940 

225.90 

0.99658 

0 97022 

225 97 

0 90XH 

<« <*7733 

225.94 • 

0 75504 

'>.73502 

225.98 

0.72731 

0 70810 

225.95 

0 60329 

0 58734 

225 96 

1 08458 

I 05588 

225.97 


Mt*an, oniittiuK the first, 225 96 
^ Com. Eighth Internal. Ccmg. Appl. Cfum., 25, 157 U9t3)* 

^ Bull. belg. acad., 1913, 222. 

* Rev. gin. chim., x6, 245 (1915). 

* Sitzungsh. kats.Akad. W ien., lai, Ab( \la 1973 (1912;; Monatsh Chem , 34, 283 

(1913). 
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Weight RaBri. W^ght Ag. At, wt. Ra. 

0.68496 0,38306 225,97 

0.60329 O 33739 225.97 

Mean, 225.97 

For sake of comparison with Gray and Ramsay’s method, Honigscbmid 
in two experiments converted radium bromide into radium chloride by 
heating in a current of hydrochloric acid gas. Cl ~ 35457. 

Weight RaBrs. Weight RaCli. At. wt. Ra. 

0.12885 0.09915 225.93 

0.93192 o 71712 225.94 

Hdnigschmid also points out that Gray and Ramsay added the vacuum 
corrections to the weights of their salts instead of subtracting them, as 
was necessary since their weights were of quartz. Gray and Ramsay’s 
results, when corrected for this error, are widely discrepant and deviate 
less from Honigschmid’s than tlie uncorrected. 


Weight RaBrs. 
Mg. 

Weight RaCIt. 
Mg. 

At. Wt. Ra. 

2.85238 

2 19536 

226.20 

2.76046 

2.12422 

225.95 

2 61007 

2 CX >922 

226.42 

2 43259 

1.87213 

226.11 

2 35986 

I 81687 

226.61 



Mean, 226.26 


The mean of Hdnigschmid’s results from analyses of the chloride and 
bromide is 225.96. To this value, however, must be added o.oi as a 
correction for the temperature of the radium preparations, so that the 
final outcome of Hdnigschmid's researches is the value 225.97 th^ atomic 
’Wight of radium. 

Cadmium ,—Laird and Hulett^ simultaneously electrolyzed cadmium 
and silver solutions. The cadmium was deposited in mercury in platinum 
vessels, and the silver on gold or platinum. The silver deposit was cor¬ 
rected for inclusions. Ag = 107.88. Vacuum weights are given. 


Weight Cd. Weight Ag. 


2.2721 \ 

2,2733J 
2-3549 I 

2.3534/ 
2.66371 
2.6656/ 

1.9937! 

1.993B/ 


4.3638 

4.5225 

5.1186 

3.8312 


^ Trans. Amer. Elect, Soc„ 22, 385 (1912). 


At. wt. Cd. 
f 112.340 
\ 112.400 
fI12.352 
\ 112.276 
f 112.280 
1 112.358 
f 112.280 
\ 112.288 
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Weight Cd. Weight Ag. 

At. wt, Cd. 

2.2979] 
2 2972 J 

> 4.4148 

f II2 302 
\ 112.268 

2.42651 
2.4261J 

^ 4 6605 

f 112 336 
\ 112 318 

2.14961 
2 1501J 

^ 4•1297 

f 112.308 

1 112.334 

2 .6679I 
2 6675J 

^ 5 1256 

f 112.304 
\ 112.288 



Mean, 112,313 


This low result for the atomic weight of cadmium is in accord with the 
value 112.30 previously obtained by Perdue and Hulett and has been 
confirmed by Quinn and Hulett,^ who determined electrolytically the 
cadmium content of fused cadmium chloride and bromide. After the 
salts were weighed they were converted into sulfate, and tlie cadmium was 
deposited in mercury in a platinum vessel. Weights are corrected to 
vacuum. Cl = 35.458. Br = 79.92. 


Weight CdClj, 

Weight Cd. 

At. wt. Cd. 

4 10119 

2.51427 

112 36 

4 47151 

2 74084 

112.31 

5 66452 

3 47180 

112.28 

5 99291 

3 67211 

112 20 

6 5291^^^ 

4 00219 

112 32 

4 « 74 i 5 

2.98785 

112 33 

4 ^^423 

2 99384 

II 2 31 


Mean, 112 32 


Weight CdBra. 

Weight Cd. 

At. wt. Cd. 

4 95538 

2 04468 

112.28 

4.15801 

1.71573 

112 29 

5-31272 

2.19183 

112 26 

4 31525 

1.78013 

112.24 

4 - 55.‘;44 

I.87940 

112.26 

5 69646 

2.34983 

112.23 

4.47748 

1-84754 

112.29 

5.36276 

2.21228 

112.24 


Mean, 112.26 


Mercury .—^Taylor and Hulett* synthesized mercuric oxide by heating 
mercury in oxygen. Weighed amounts were then decomposed at a high 
temperature with metallic iron, and the mercury was weighed. 

1 J, Physic, Chem., 17, 780 (1913). 

*lbid., 17, 755 (1913). 
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Weight HgO. 

Wdght Hf. 

At. wt. Hg. 

2.98464 

a ■ 76390 

200.33 

3.61S41 

3 35066 

200.25 

3.82184 

3 53933 

200,39 

3.40356 

3-15185 

200.36 

3 80726 

3 52567 

200.39 

4.56858 

4.23065 

200.30 

5.42945 

5.02819 

200.48 

2,38313 

2.20681 

200.28 

3.76766 

3.48933 

200.57 


Mean, 200.37 

Scandium. —^Lukens^ extracted scandium material from Colorado 
wolframite. The purified salt showed no evidence of radioactivity, and 
its spark spectrum contained only scandium lines. Weighed amounts of 
anhydrous sulfate were calcined to oxide. 

Weight Sct(S 04 )t. Weight ScsOt. At. wt. Sc. 

0.30636 O.II134 44-59 

I.14140 0.41553 44.77 

Mean, 44 68 

Yttrium .—^Three researches upon the atomic weight of yttrium have 
appeared during the past year. Egan and Balke^ purified yttrium ma¬ 
terial by crystallization of the bromate and by fractional precipitation of 
the chromate, but spectroscopic examination showed a small proportion 
of erbium still to be present. After comparison of different methods, 
that of converting weighed amounts of yttrium oxide into anhydrous 
chloride was adopted.* Cl - 35.46. 


Weight ViOi. Weight YCh. At. wt. Y. 

0.72180 1.24092 90.54 

0,80392 1-38437 90.10 

o 70050 1,20610 90.14 

0.73030 1.25755 * 90.11 


Mean, 90 22 

R. J. Meyer and Wuorinen* freed yttrium material from other rare 
earths by fractional precipitation of the impurities vrith potassium iodate. 
Hve ^theses of }rttrium sulfate from the oxide yielded the following 
results, no correction being made for the retention of acid by the anhydrous 
sulfate. S = 32.0. 

> TbIS JOURNiU., 35, 1470 (1913). 

* Ihid ., 35,365 («9i3)- 

’ Z. anorg. Chem., 8o, 7 (1913). 
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Weight YaO#. 

Weight Y*{S 04 )i. 

At. wt. Y. 

0.5096 

1.0534 

88.46 

0,5126 

1 0592 

88 54 

0 5491 

I 1347 

88 52 

0.5071 

1.0479 

88 52 

0.7234 

X 4950 

88 50 


Mean, 88.51 ^ 

In two additional analyses the sulfuric acid retained by the sulfate was 
determined, and the necessary correction applied. 

Weight YaOj. Weight YiCSOi)*. At. wt. Y. 

0.5544 * • ^45-2 88 60 

0.9003 I 8595 88 64 


Mean, 88 62 

The purified material contained spectroscopic traces of several rare 
earths. 

In a subsequent paper, R, J. Meyer and Weinheber^ correct the results 
of Meyer and Wuorinen by recalculating them on the basis S = 32.07, and 
give the results of three experiments with new material purified as by the 
latter. 


Weight YaOi. 

Weight Ya(S 04 )a. 

At. wt. Y. 

0.5544 

1.1452 

88.71 

0 9003 

1.8595 

88.73 

0 4954 

I 0231 

88.76 

0.4972 

I 0266 

88 80 

0 4980 

1 0286 

88 73 


Mean, 88 75 


In another series of experiments Meyer and Weinheber calcined weighed 
amounts of anliydrous sulfate to oxide. 


Weight Y«(S 04 )>. 

Weight Y« 0 «. 

At. wt. Y. 

1,0248 

0.4962 

88 74 

O.85R5 

0.4x57 

88 75 

I 4060 

0 6808 

88 75 

0.8944 

0 4330 

88 71 

0.9795 

0.4743 

88 76 

0.5686 

0.2753 

88.73 


Mean, 88.74 

The above weights are not corrected to the vacuum standard. When 
this correction is made, the atomic weight of yttrium becomes 88.70. 

Ytterbium .—Auer von Welsbacli* has continued the fractionation of 
aldebaranium and cassiopeium material and has determined the atomic 
i Bef.» 46, 2672 (19x3)* 

® Monatsh. Chem., 34, 1713 (1913). 
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iveig^ts of both by predpitatiiig the oxalate from weighed'amounts the 
hy<^ted sulfate, and igniting the oxalate to oxide. , 


Weight Cp«(S 04 )». 8 Hs 0 . 

Weight CpsOt. 

At. wt. Cp. 

2.0428 

I.0394 

17506 

2.0197 

1.0274 

174.96 

2.4044 

1.2232 

175.00 


Mean, 175 00 

Weight Ads(S 04 )t. 8 Hi 0 . 

Weight AdtOi. 

At. wt. Ad. 

2.0530 

1.0392 

172.98 

2.0891 

I 0575 

172.99 

2.1155 

1.0710 

173.04 


Mean, 173,00 

Selenium .—Bruylants and Bytebier^ prepared selenium hydride by the 
action of water upon aluminum selenide and after the purification of the 
gas determined the weight of the liter at o® and 760 mm., uncorrected for 
the force of gravity at Louvain, to be as follows: 


Globe 1 . 

410 cc. 

Globe 2 . 

503 cc. 

Globe 3 . Globe 4 . 

603 cc. 1006 cc. 

3.67108 

3.67101 

3.67215 3.67120 

3.67128 

3.67101 

3.67074 3.67243 

3.67141 

3.67132 

3.67163 3.67106 

3.67096 

3.67110 

3.67142 3 67216 

3.67246 3 67240 

Mean, 3 67118 

3 67111 

3.67168 3 67185 



General mean, 3 6715 

For purposes of comparison, Bruylants and Bytebier also determined the 
weight of a liter of oxygen under the same conditions. 

Globe 1 . 

Globe 2 . 

Globe 3 . Globe 4 . 

I. 42941 

1*42977 

1.42933 1.42942 

1.42969 

1.42932 

T.42926 1 42980 


1.42921 

. 1 42966 



General mean, i .4295 

By the method of limiting densities the molecular weight of selenium 
hydride is computed to be 81.196, and the atomic weight of selenium. 

therefore, to be 79.18. 

(H = 1.008.) 



Jannds: and J. Meyer* have determined directly the ratio of selenium 
to oxygen by oxidizing weighed amounts of the element to the dioxide* 
The selenium was heated in a quartz vessel in a current of dry oxygen and 
nitrogen peroxide. To show that no material was lost by vaporization 

^ Bull. Belg, Acad,, 19x2, 856, 

Electroch., xg, 833 (1913); anorg. Chem., 83, 51 {igii)* 
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during the process, in three experiments the dioxide was dissolved, the 
selenium precipitated by dilute hydrazine, collected upon a Neubauer 
crucible and weighed. The maximum difference between the selenium 
used and that recovered was 0.00003 gram. The following weights are 
reduced to the vacuum standard: 


Weight Sc. 

Weight ScOa. 

At. wt. Se. 

2 32307 

3 26249 

79.132 

2 00162 

2.81083 

79.151 

2 14178 

3 tx>789 

79 132 

3.29634 

4 62932 

79 135 

2.10447 

2 95522 

79.152 

4 82540 

6 77635 

79.14^ 

5 91515 

8 3 <) 6 yo 

79 i 4 ^> 

2 43479 

.? 41935 

79 135 

2 95206 

4 I 45«3 

79 133 

3 274^7 

4 599<>7 

79 140 


Mean, 79 140 

Tellurium ,—Dudley and Bowers* reject as unsatisfactory the basic 
nitrate method of determining the atomic weight of tellurium and find 
the synthesis of the tetrabromide from the metal far more satisfactory. 
Five preliminary experiments with the same specimen of material give the 
following results (vacuum weights). Br = 79.92. 


Weight Te. 

Weight TeBr4. 

At. wt. Te. 

0.479816 

I 682387 

127 550 

0.296341 

I 037049 

127 8q7 

0.433241 

I 516746 

127.819 

0.457782 

I 605684 

127 4^7 

0.321522 

I 126939 

127 612 


Mean, 127 673 

Six final determinations were made with three different fractions. 


Weight Te. 

Weight TcBr 4 . 

At. wt. Te. 

0.30055^^ 

1 054251 

127.481 

0.199807 

0 700947 

127 456 

0.22032 

0.773048 

127 425 

0.158161 

0 554717 

127 500 

0.436907 

1 .532360 

127 500 

0.29811 

I 045485 

127 512 


Mean, 127 47^ 

Copper .—The atomic weight of copper has been found by Oechsner de 
Coninck and Ducelliez* by dissolving weighed amounts of metal in nitric 
add and igniting the residue after evaporation. Four results, which vary 
from 63.523 to 63.605, give an average value of 63.549. 

» This Journal, 35, 875 (1913). 

* Rev , gin . chtm ., 16, 122 (1913). 
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Iridium .—^The atomic weight of iridium has been determined by Hob* 
mann^ by reduction of ammoUium chloroiridiate in a current of hydrogen* 
The following weights are reduced to the vacuum standard. H « i.ooS. 


N - 14.01. Cl = 35.46. 

Weight (NHOalrCU. Weight If. At. wt. Ir. 

1.09292 0.47809 193 50 

1.15060 0.50299 193 27 

O 80293 O 35126 193*52 

0.78021 o 341^9 193*39 


Mean, 193.42 

Guye* compares critically the various methods employed in atomic 
weight investigations, and pleads for a more systematic attack on the prob¬ 
lem from many quarters. Guareschi® calls attention to the universal 
presence of bromine in compounds of chlorine and iodine. Several articles 
have appeared dealing with the relations between the different atomic 
weights.^ 
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PART I. ACCELERATED ELECTROLYTES. 

(Experimental Work Performed in the Chemical lyaboratory of the University of Cincinnati by 
R. C. Tolman and E. W. Osgerby.) 

I. Introduction. 

The force of gravity has been found to produce a difference in elec¬ 
trical potential between the two ends of a vertical tube of salt solu- 

' Sitzungsb., Phys.-med. Soz. Erlangen, 44, 84 (1912), 

* /. chirrs, phys.f ix, 275 (1913)- 

* Atti accad. set. Torino, 48,128 (1913). 

< Bilecki, Z. physik. Chem., 82, 249; Borodovskii, Chem. Ztg., 36, 198; Bfiry, Z, 
physik. Chem., 80, 381; Dambier, J. chim. phys., ix, 260; Guye, Ibid., 267; Feilmann, 
Chem. News, 107^ 15; Ratayama, Sci. Rep*U Tohoku Imp, Vnw, Sendai, i| 171; Lortng, 
Chem. News, 107, 193; xo8, 95; Moir, J. Chem. Met. Soc. S. Africa, X3, 544; Wilde, 
Chem. News, 108, 52. 
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tioD. ^ This difference in potential evidently arises from the tmequal weights 
of the positive and negative carriers of electricity in the solution. Thus 
the lower end of a tube of potassium iodide solution becomes negatively 
charged, since the negative iodide ions are heavier than the positive 
potassium ions. 

In a similar way we should expect a tube of solution, when subjected 
to acceleration^ to show a difference in potential between the two ends. 
For example, the rear end of a tube of potassium iodide solution should 
show a negative charge as long as the tube is being accelerated. 

The pimpose of Part I of this article is to describe some measmements 
made on accelerated solutions of potassium, sodium and litliium iodides, 
and to show that the results obtained are in satisfactory agreement with 
those predicted on a theoretical basis. In Part II of the article we shall 
apply similar theoretical considerations to the case of accelerated metals 
and describe the progress that has been made towards an experimental 
solution of the problem. 

2. The Theory of an Accelerated Solution* 

If a tube of liquid which has the density d grams per cubic centimeter 
be given an acceleration a, it is evident that the force acting on any cubic 
centimeter of the liquid must be / = da in order to produce the accelera¬ 
tion. Since this force is transmitted to the cubic centimeter in question 
by the surrounding liquid, it is evident that this space might be filled with 
a cubic centimeter of any other material without changing the magnitude 
of the force. Hence for a solution, the force acting on one equivalent of 
solute during acceleration would be Avda^ where A is the equivalent weight 
of the solute, v its partial specific volume, d the density of the solution 
and a the acceleration of tlie solution as a whole. We shall call this 
force, whose magnitude depends merely on the displaced volume, the 
buoyant force acting on the solute. 

If the solute in question carries an electrical charge there may be an 
additional electrical force acting on the solute. If F is the charge in cou¬ 
lombs carried by one equivalent, tlie electrical force acting on each equiv¬ 
alent of solute will be lO^F dE/d/ dynes where dE/dZ is the potential 
gradient in which the solute finds itself. 

In general, besides the above forces, there will be a frictional force acting 
on each equivalent of dissolved substance. The fact that Ohm's law 
holds for electrolj^es shows that for ionic solutes this frictional force is 
proportional to the velocity of the ionic substance through the rest of the 
solution. If U is the velocity which one equivalent of ionic constituent 
attains under unit force, then, when the relative velocity of solute and 
solution is the frictional force acting will be w/U. 

^ See Tolman, This Joxjrnai*, 33, 121 (19^1), for a review of the work in this 
field. 
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Coiisider now, a tube filled with 4 solution of potassium iodide. The 
tube is provided at the two ends with platinum electrodes and a small 
amoimt of iodine is also dissolved in the solution so that the electric 
current will enter and leave the solution at anode and cathode according 
to the reactions: 

€> + I - V2I2 'Ala « I + (±) 

An external connection is made between the two electrodes through a 
galvanometer. 

Let I be the distance between the electrodes, 
q the uniform cross section of the tube, 

a the acceleration of the tube (in the direction of the line connecting 
the electrodes), 
d the density of the solution, 

C its concentration in equivalents per cc., 

and the partial specific volumes of the respective 

solutes, 

K, I, KI and I2 their atomic or molecular weights, 

Uk and Ui the velocities which the positive and negative ion 
constituents attain in a stationary solution when acted on 
by imit force per equivalent weight of ion, 

Uk 

— the transference number of the cation, 

Uk + Ui 

and Ui the velocities with which the positive and negative ion 
constituents are lagging behind the solution as a whole, 

R the resistance of the solution. 

Re the resistance of the external circuit, 

Ic the current flowing, 

/k the force acting on one equivalent of potassium, 
fi the force acting on one equivalent of iodine. 

From the preceding discussion, it is evident that the force /k acting on 
each equivalent of potassium must be equal to the sum of the buoyant, 
electrical and frictional forces, leading to the equation: 

/■k = Kvjiia— lo^Fy + ^ 

where Ei is the difference in potential between portions of the solution 
in the neighborhood of the two electrodes. Multiplying through by 

He s= —-we obtain: 

Uk + Ui 

n/x. “ ncKVf^da — io'’Pn^ + 

Similarly for the iodide ion constituent we have: 
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/j = ivida + lo^F ^ 

I Ui 

It should be noted that the electrical force is evidently in the same direc¬ 
tion as the other forces for the negative ion and in the opposite direction 
for the positive ion. 

Multiplying through by (1 — n^) = we obtain: 

Uk -f Ui 

(i —nc)fi = (i ~n,)lvida -I- (i — «Jio^F^ + (2) 

I Uk -t Ui 

Subtracting (i) from (2), solving for Ei, and simplifying, by putting the 
sum of the forces acting on one equivalent of the positive and negative 
ion constituents (/"k + /i) equal to /ki, the force acting on one equivalent 
of potassium iodide, and further noting that Kvk + I^i = KIiJki* we ob¬ 
tain for El the value 

=* - < 3 ) 

We shall be interested, however, in the total electromotive force which 
drives the current through the external resistance of the galvanometer, 
and to this value of Ei, which is merely the potential difference between 
the portions of solution at the two ends of the tubes, \Ne shall add the 
electromotive force E2. arising from the potential differences between the 
electrodes and the solution in their neighborhood. This electromotive 
force E2 arises from the difference in hydrostatic pressure under which 
the electrode reactions take place at the two electrodes, and can easily be 
calculated on thermodynamic groimds. 

The difference in hydrostatic pressure at the two ends of tlie tube is 
Ida, The electrode reaction is v?) + I =" and is accompanied by 
the volume change Ift’i, - - v{) 

The electromotive force E2 is given by the equation 

io’E2F ~ — 1(^1* — Vi)ldat (4) 

which is obtained by equating the external electrical w^ork obtainable 
when one Faraday of electricity flows through the solution with the corre¬ 
sponding internal work. 

Adding Ei and E2 we obtain an expression for E, the total potential 
difference between the terminals of the external circuit: 

E = El + E2 ~ fi — Ivijia — fijKi + } 

- (fi) 

" JoT (Uk + Ui) 

To simplify we may note tliat u^Cq is the number of equivalents of 
iodide crossing any boundary in the solution per second, so that the 
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currettt flowing through the solution, le « («i — uti)CqB. Parther>' 
more, toV(Ui + Uk;)CP is evidently the specific conductance of the 
solution, since it is the current which would flow through a unit cube 

* of the solution with unit potential drop. We may write: 

/(«i —»k) ^ /(«! —«K:)CgF .. 

ioT(Ui + Uk) io^F (Ui + Uk)C9 F ‘ '' 

We may also write for E the difference in potential between the two 
terminals of the external circuit, 

E = I.R, ( 7 ) 

where R, is the external resistance. 

Substituting equations (6) and (7) in (5) and solving for I* we obtain 

Ir = foT(i+R^ ^ ~ —»/ia + ncKlvjoda } 

where 1 ^ is the instantaneous value of the current flowing in the circuit. 
If we multiply through by dt and integrate over a time long enough so 
that the solution comes to its final steady condition, we may substitute for 
f Ifdi the total electricity Q in coulombs which passes, for ffidt the 
total momentum lu attained by the iodide ion constituent, u being the 
final velocity of the tube. Similarly for J fK.idt we may substitute KI«, 
and for f adt we may substitute u the final velocity. This leads to the 
final equation which we shall test:^ 

3. The Apparatus. 

The apparatus used by the authors for accelerating electrolytes con¬ 
sisted essentially of a glass tube provided with electrodes and bent to 
fit the rim of an ordinary bicycle wheel. The tube was filled with elec¬ 
trolyte, the wheel given a sudden acceleration, and the current noted 
whidi flowed through a galvanometer placed in the external circuit which 
connected the two electrodes. 

(a) The Glass Tube. —The apparatus is shown somewhat diagram- 
matically in Fig. i. The glass tube A was about two feet in diameter 
and was provided with platinum electrodes B sealed in at different points. 

^ With regard to the theory which we have here developed for accelerated elec¬ 
trolytic solutions, it should be noted that the same final results could be obtained with 
somewhat less elaborate calculation if we should first start out by assuming that the 
electromotive force developed by the acceleration is equal to that which would be de¬ 
veloped if the same tube were set up vertically in a gravitational field, the strength of 
the gravitational field being such that each particle is acted on by the force ma where 

# is its mass and a the acceleration of the tube. Such a method of considering 
accelerated electrolytes was used by Colley, Wied. Ann., 17, 55 (1S82), 
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"By dosing the stopcock C the electrolyte could be given the same accelera- 
tibn as the tube, while by leaving the stopcock open the liquid could be 


stirred by the acceleration of 
the tube. Filling was done 
through the stopcock D, The 
tube was fastened to the rim of 
the wheel by electric tape. The 
circumference at the centre line 
of the tube was 207.3 cm., the 
distance between the electrodes 
that were furthest apart 190.8 
cm., and between the nearest 
electrodes 66.4 cm. 

(6) The WheeL—Tht wheel was 
an ordinary, metal rimmed, rear 
bicyde wheel with sprocket and 
coaster brake. The sprocket 
chain E passed from a pair of 
heavy springs F around the 
sprocket to the trigger G. The 
springs could be elongated by 
“winding up“ the wheel and the 
trigger inserted in the desired 
link. By releasing the trigger the 
wheel could be accelerated and 
later brought to rest, with the 



Fig I 


coaster brake, by pulling back the free end of the chain. To keep the 


chain in position a small pull was always kept on its free end by weights 




attached to a cord which passed over a pulley. 

{c) The Springs .—^Two springs were used, connected in parallel. They 
were dose springs, 17^/2^ made of wire. With the help of a 
tumbuckle their extension could be adjusted to any desired amount, 


which was always measured. 

(d) The Electrical Connections .—Connection with the galvanometer 
was made by small size flexible electric cords, which led from the elec¬ 
trodes to the hub of the wheel, and then passed over suitably placed 
pulleys to the connections of the galvanometer. Enough slack was 
allowed so that the cords could wind up on the hub when tlie wheel was 
revolving. This slack was kept taut by a suitable weight. It may be 
spedally noted that this method of connection introduces no sliding 
contacts. Later references will be made to this important point. 

(e) The Galvanometer .—^The galvanometer was a Leeds and Northrup, 
Type H, with a resistance of about 1300 ohms. It was mounted on a 
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wty satutfRctcoy stcme pier end Aowed ahsohMy no motian imfeas ciumit 
was passed. It proved mnck more satisfactory thaii a suspended magnet 
galvanometer of presumably greater sensitiveness but mu<^ less stability. 
It was connected directly in series with the electrodes, and was observed 
with a telescope, at about 1.15 meters distance. 

(0 The Speed Measuring Device. —^The speed was measured on a re¬ 
volving drum provided with smoked paper upon which simultaneous 
marks were made by a pointer driven by a tuning fork of known period 
and by a pointer actuated through an electric contact which was made 
once in each revolution of the bicycle wheel. 

4* The Experimental Procedure. 

In the experiments to be described, measurements were made on solu¬ 
tions of potassium, sodium and lithium iodides. The solutions contained 
per kilogram of water, one mol of the salt and one hundredth of a mol of 
iodine. The tube was rinsed with the solution before filling. In carrying 
out the measurements one experimenter observed the galvanometer 
through the telescope and the other operated the wheel. With each 
solution a large number of successive accelerations were made. 

(a) The Galvanometer Deflections. —Owing to unavoidable differences 
in the conditions at the two electrodes, there was generally some current 
flowing through the galvanometer even when the tube was stationary, 
and a reading was always made immediately before releasing the trigger. 
In the record of experiment results this is called the ''Original Deflection*' 
of the galvanometer. 

Upon releasing the trigger there was a sudden change in the galvanom¬ 
eter deflection. In the record of experimental results this is called the 
**Galvanometer Throw." This “throw" presumably corresponded to the 
acceleraticm of the electrolyte, and for a given electrolyte, acceleration, 
and distance between electrodes it was approximately constant. 

The “galvanometer throw" was in general followed by a slower change 
in deflection which presumably corresponded to an accidental variation 
in the conditions around the two electrodes produced by the jar of accelera¬ 
tion. In the record of experimental results this is called the "Secondary 
Deflection" of the galvanometer. As might be expected, the “secondary 
deflection" tended to be large when the “original deflection" was large. 
In a series of successive runs, the starting and stopping of the tube usually 
sffemed to equalize the variations at the two electrodes and in a gratifying 
^^ay decrease the size both of the “original" and the “secondary de¬ 
flections." 

In general, there was not much difficulty in distinguishing between the 
sudden “galvanometer throw," which was always in one direction, and 
the slower “secondary deflection" which might be in either direction. 
If the “secondary deflection" happened to be in the same direction as the 
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^'galvanometer throw” they sometimes merged indistinguishably one 
into the other. If the ” secondary deflection” was in the opposite direction 
to the ”galvanometer throw,” it made the end point of the “galvanometer 
throw” advantageously sharp and distinct. In many cases the “sec¬ 
ondary deflection” was absent or indistinguishable from the natural re¬ 
turn of the galvanometer to its original position. In all other cases the nature 
of the secondary throw is stated in the record. Almost never did any¬ 
thing happen to make the “throw” of the galvanometer, even for a single 
acceleration, in the opposite direction to that predicted on the expecta¬ 
tion that the heavy iodide ion would make the rear electrode negative. 
As complete experimental data are presented in the next section of the 
article, the reader can judge for himself as to the reality and magnitude 
of the effect reported. 

Under favorable circumstances an effect could, of course, also be ob¬ 
served on suddenly stopping the wheel. This was not, however, suitable 
for purposes of measurement since, owing to the variable “secondary 
deflection”, the galvanometer was obviously not very stationary when the 
wheel had to be stopped. 

(6) The Standardization of the Galvanometer .—Since the period of the 
galvanometer was long compared with the time necessary for accelerating 
the tube, it was assumed that the “galvanometer throw” was proportional 
to the quantity of electricity whose measurement was desired. The 
galvanometer was calibrated by discharging a standard solenoid through 
it, placing in series varj'ing amounts of resistance to correspond to the 
varying resistances of the different solutions. Results of the standardiza¬ 
tion are given in Table I; the value for infinite resistance was obtained 
by discharging a condenser through the galvanometer. Measurements 

Table I. 

Standardization of the Galvanometer. 


May 27 and 2S, 1913- 

Resistance of electricity 

in series with discharsed through 

Galvanometer 

Sensitiveness. 

galvanometer. 

galvanometer. 

throw. 

Coulombs X 10 “"* 

Ohms 

Coulombs X lO*"*. 

Millimeters. 

per millimeter 

15 

25-65 

29 0 

0 885 

315 

20.95 

27.6 

0.759 

515 

18.66 

26.6 

0.701 

7x5 

16.82 

25.5 

0.660 

1015 

14.66 

24 2 

0.605 

1215 

13-50 

23-3 

0.579 

X 4 X 5 

12.50 

22 6 

0.553 

1515 

12.07 

22 1 

0 546 

X715 

n .27 

21 S 

0 524 

1915 

10.57 

20.9 

0 506 

2015 

10.26 

20.4 

0.503 

00 

10.19 

39 7 

0.257 
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trete also ttxade wliidh showed, that the galvaiiometer throw, with a given 
reststance in the circmt, was at least apptoTtimately proportional to the 
quantity of electricity discharged. 

(c) Determination of the Speed ,—Corresponding to each series of accelera¬ 
tions, and in many cases both before and after the series, a number of 
determinations were made of the speed attained by the wheel with the 
same extension of the springs as that employed for the electrical measure¬ 
ments. It was found in general that the speed attained was always 

Table II. 

Standardization of Tuning Fork. 

(About May 4, 1912).... 4 135Va 134V1 i 3 i i 33 130 vibrations per second 

(May 29, 1912). 133 V4 134 132 128V4 134V4 vibrations per second 

Average, i second *= 132.6 vibrations. 

I vibration — 7.55 X io“* seconds. 

Table III. 

Standardization of Spring. 



Extension 

No. tuning 
fork vibr., 

No. tuning 
fork vibr.. 

Date. 

of spring. 

Ist revol. 

2 nd revol. 

May 23, 1912. 

. 5V« 

21 

21'A 


5V1 

20V» 



sV* 

20 * ft 

21 


5V» 

21 

21 

May 27, 1912. 

. 5’/l 

20V2 

20‘/4 


sV. 

20V2 

2oVe 


5V. 

2oVa 

20V, 


sV« 

20V2 

20Vs 

May 28, 1912.. 

. 5'/. 

21 

21 


sVt 

20V2 

21 


5V« 

20V4 

21 

May 30, 1912. 

. 5V. 

20V2 

21 


5V» 

20V4 

21 


5Vi 

20 '/i 


May 27. 

. 2V4 

35V2 



3 

33V4 



2V4 

41'A 

44V4 


2V4 

42 

46 


2V4 

42 V4 

46V2 


2V4 

4»V4 

45 

May 28. 


44‘A 

5oVa 


2V4 

43V4 

47 


2V4 

45 


May 31. 


19 

19 


7 

16V4 

16V2 


7 

i6‘A 

16V2 

• 

7 

I6V» 

16V2 


Extension of spring, 2V4^ 3 09 revolutions per second. 
Extension of spring, 5’/s^ 6.42 revolutions per second. 
Extension of ^ring, 7^ 8.11 revolutions per second. 











THE ACCELERATION OF ELECTRICAL CONDUCTORS. 


475 


dosely the same when the spring was given the same extension. In all 
the runs the “woimd up'* wheel was so set as to make nearly a complete 
revolution before making the first electrical contact, with its correspond¬ 
ing mark on the cheiraograph. By counting the number of tuning fork 
vibrations between marks, it was found in general that the first of the 
successive revolutions was the fastest, although the speed usually fell 
off but slowly. For our calculations we shall consider the maximum speed 
as that obtained from the first recorded revolution. 

The tuning fork was standardized against a seconds pendulum belong¬ 
ing to the Physics Department of the University of Cincinnati and the 
data therefore is presented in Table II. Table IH presents the data for 
the speed attained with different extensions of the spring. 

5* The Experimental Results. 

The main part of the experimental work consisted in a series of measure¬ 
ments witli molal solutions of potassium, sodium and lithium iodides, 
all made with the same deflection of the springs 5 Vs", and with the pair of 
electrodes which were furthest apart (190.8 cm.). All of these measure¬ 
ments are given in Table IV, V, and VI, and the only measurements 
excluded from the final average are those enclosed by brackets in these 
tables. It seems desirable to present this complete statement of the data, 
so that there shall be no question as to the absolute reality of the very 
minute effect which was measured. The final average deflections ob¬ 
tained from these tables can now be compared with the values that can be 
predicted from equation (8).^ 

(a) Comparison of Deflections mtk Values Predicted from Equation (8 ),— 
Equation (8) gives us for the number of coulombs of electricity, Q, sent 
through the external circuit when a column of a solution of alkali iodide, 
AI, is accelerated, 

2 - .„.F(R+R,)I"' -?.<') I 

where (/) is the distance between the electrodes in centimeters, u is the final 
velocity in centimeters per second attained by the column of solution 
(equals 6.42 revolutions per second X 207.3 cm., the circumference of the 
wheel), F the value of tlie faraday in coulombs (96540), R + the total 
resistance in the circuit in ohms (equals the resistance of the solution + 
1315 ohms for the galvanometer), I the atomic w^eight of iodine, x/j, the 
partial specific volume of iodine in the solution, d the density of the solu¬ 
tion, He the transference number of the cation, AI the molecular weight 
of the iodide, and the partial specific volume of the iodide in the 

^ In the calctilations no allowance has been made for the effect of the slight change 
in temperature which would be produced at the rear electrode by the compression of 
the liquid incident upon acceleration ^ 
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Tabw IV. 

Measurements on Potassium Iodide. 

Solution, I kilo water, i mol. KI, i/ioo mol la. 

Distance between electrodes, 190.8 cm. Resistance, nio ohms. 

Extension of spring, sVa*' 6.42 revolutions per second. 

* Original Galvanometer 

deflection throw 

Date. in mm. in mm. Remarks. 

May 23, 1912, A.M . — 3 (o.7-1.2) Throw increased from 0.7 to 


^ — 3 

— 2Vt 

- I‘A 

O 

O 

May 23, 1912, P.M. 13 

9 

9 

7 

Z2 

5 

I 

6 
6 
9 
9 

13 

10 


3 

3V2 


3 

3 

5 

8 

9 

7 

Average galvanometer throw. 


1.2 mm. 


Throw merged into a deflec* 
tion 3-4 mm. 


0.5 

Secondary, —i Vt nxm. 

0.9 

Solution stirred. 

1 .0 

9~i.o 

Difficult to distinguish from 
secondary of 2 more in same 
direction. 

8-0.9 

0.9 

0,7 

0.9 

Throw merged into a defleo 
tion of 4 mm. 

{0.3) 

0.9 

0.9 

1.2 

0.9 

0.9 

I.O 

1.1 

Quick secondary, —7 own* 

(2.0) 

Continued to increase a little^ 


galv. throw and secondary 
not distinguishable. 

,, 

Solution stirred. 

•• 

Throw merged into a defieo 
tion of 3 mm. 

,, 

Solution stirred. 

0.9 

Difficult to distingui^ from 
a secondary of 4-5 mnu 
more in same direction. 

,, 

Solution stiired. 

0.9 

Secondary, —2 mm. 

0.8 

Secondary, —2 mm. 

1*2 

I.O 

Continued to increase a little* 

0.8 

Secondary, —3 to —^4 mm. 

0.9 

0.91 mm. 

Secondary, -^3 mm. 






Tabz«s V. 

Measurements on Sodium Iodide. 

Solution, I kilo water, i mol Nal, i/ioo mol I®. 


Distance between electrodes, 190.8 cm. Resistance, 1370 ohms. 

Extension of spring, 5^/8'' « 6.42 revolutions per second. 

Original 

Galvanom¬ 

eter. 


deflection 

throw 


Date. in mm. 

in mm. 

Remarks 

May 27, 1912, A.M . 2 

0 9 


— 4 

1 r 

Difficult to distinguish from a 

5 

(15) 

secondary i more m same 
direction. 

Probably partly st^eondary 

— 9 

I 0 

Secondary, 5 mm. 



Solution stirred. 

3 

0 7 


— 3 

1.0 


— 2 

1.0 

Slight secondary in same direc- 

0 

I 0 

tion. 

8 


More or less permanent deflec- 

3 

0.9 

tion of 12 mm. 

Large negative secondary. 

— 3 

o. 3 *»o .9 

Large negative secondary 



Solution stirred. 

0 

0.9-1.0 

Large negative secondary. 

_ 5 

0.8 

Small, slow negative secondary. 

— 6 

0.9 


‘A 

0.95 

Small negative secondary. 

- 2 

0.9 


— 2 

1.0 


— I 

1.0 


0 

1.0 

Secondary, —i mm. 

— 1 

0 95 

.Slight negative secondary. 

— 3 

0.9-0.95 


— 4 

0.9-0.95 


— 3 

0 9 

Slight negative secondary. 

— 5 

0.8 




Solution stirred. 

— 3 

0 5 

Small negative secondary after 



wheel stopped. 

Solution stirred. 

— 3 

I 0 


— 3 

0.9 


— 2V* 

1.0 

Secondary, o.i mm. 

May 27, 1912, p.M. —14 

0.8 

Difficult to distinguish from 



secondary 5-6 more in same 
direction. 

Solution stirred. ^ ^ 

—12 

0.9 

Small secondary in same dheo 



tion. 

Solution stirred. 

— 9 

0 8-0.9 

Secondary, — V2 



Solution stirred. 

-- 4 

0 95 




Solution, .stirred. 

— 4 

0.9 

Secondary, —*/« mni. 



Solution stirred. 

— 9 

1.0 

Slight secondary in same direc- 

May 28, 1912, A.M... — 29 

0.85 

tion. 

followed after a pause by a sec¬ 

—23 

0.95 

ondary in same direction. 

— 22 

0 95 


Average galvanometer throw. 

0.91 mm. 
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Tabl]$ VI. 

Measurements an Lithium Iodide, 


Sf^ution^ I kilo water, x mol Lil, i/ioo mol Is. 

Distance between electrodes, 190.8 cm. Resistance, 1900 ohms. 
Extension of springs, s^/%'* « 6.42 revolutions per second. 


Date. 

Original 
deflaction 
in mm. 

Galvanometer 
throw 
in mm. 

Remarks. 

May 31, 1912, p.M . 

... . — 6 

(8-10) 

One big throw. 


— I 

X . I 

Secondary, Vt 


— 3 

1.0 



— 6 

I. I 



— 6 

0.95 



— 7 

0.95 



— 7 

0.95 



— 6 

1,0 



— 5 

1.0 



— 5 

1.0 

Slight negative secondary 


— 5 

0.9 

Secondary, —i mm. 


— 6 

0.9 

Secondary, —i mm. 


— 6 

1.0 

Secondary, — xVi inni. 


7 

1 .0 

Secondary, —i mm. 


— 8 

I.O 

Secondary, — Vt nim. 


— 8 

1.0 



— 8 

I.O 

Secondary, — V2 mm. 


• — 9 

1.05 



—12 

1 .0 

Secondary, —i mm 


* — 12 

0.9 


Average galvanometer throw. 

0.99 nim. 



solution. The following table (VII) presents the values of the above 
quantities used in* the computations and the values of Q thus calculated. 
The densities, specific volumes, and transference numbers employed are 
transcribed from an article^ on **The Electromotive Force Produced in 
Solutions by Centrifugal Action" by one of the present authors. 


Tabus VII. 

Ipution. /. J? + Rf- I. pj,. d, n^. 

KI. 190.8 1330 2425 126.9 0.2376 I 115 0.486 

Nal. 190.8 1330 2685 126.9 0.2376 I. no 0,385 

Lil. 190.8 1330 3215 126.9 0,2376 1.096 0.268 

Deflection. 

Solution. Ai. <?. 0 /D. Calc. Ob». 

KI. 166.0 0,284 o 4x2 X lo*"* o 593 X lo”** 0.7 mm. 0.9 mm. 

Nal. ... 149.9 0.244 0.511 X 10*“® 0.559X10’'* 0.9mm. 0.9mm. 

Lil... 133 9 0.2605 0.537 X io“* 0.507 X xo"* r.imm. 1.0mm. 


In the next to the last column of the table we have put values of the 
expected deflection as calculated from the values of Q, making use of 
^ Tolman, This Journal, 33, i2x (1911). 
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values for the sensitiveness of the galvanometer Q/D, obtained by inter¬ 
polation from Table I for the particular resistances in series with the 
galvanometer. These values may be compared with the observed values 
as given in the last column. We feel that the agreement is within the 
limit of experimental error, when we consider the difficulties of rapidly 
‘ estimating tenths of a small scale division. The greatest deviation is 
in the case of KI solution, the calculated value being 0.7 mm. and the 
observed value 0.9 mm. The deviation in this direction might be partly 
due to a tendency to estimate as 0.9 of a division anything slightly under i 
division. 

(b) Change in Galvanometer Throw with Speed of Apparatus, —Further 

evidence of the correctness of our theory of accelerated conductors may be 
obtained from the fact that the magnitude of the galvanometer throw was 
found to increase with the magnitude of the acceleration. According 
to our theory, the galvanometer throw should be directly proportional 
to the final speed attained by the wheel. In the case of the potassium 
iodide solution only one isolated acceleration was made with any ex¬ 
tension of the spring other than In the case of the sodium iodide 

solution, eight accelerations were made with an extension of 2V4*', corre¬ 
sponding to a velocity of 3.09 revolutions per second (see Table III). 
The average of the eight galvanometer throw for the speed 3.09 was 0.35 
mm., while the average galvanometer throw for the speed 6.42 was 0.91 
mm. (see Table V), figures which certainly check our theory within the 
experimental error. 

In the case of the lithium iodide solution, one isolated measurement 
was made with a spring extension of about S"', and nine measurements 
were made with a spring extension of 7*^, corresponding to a velocity of 
8.11 revolutions per second (see Table III). The average of the nine 
galvanometer throws for the speed 8.11 was 1.17 mm., while the average 
galvanometer throw^ for the speed 6.42 was 0.99 mm. (see Table VI), 
figures which again check our theory with the experimental error. 

(c) Change in Galvanometer Throw with Distance between the Electrodes. 
—Further evidence of the correctness of our theory of these accelera¬ 
tion effects is given by the fact that the galvanometer throw became 
smaller when the distance between the electrodes was smaller. Both 
with the sodium iodide and the lithium iodide solution, accelerations 
were made with extension of the spring and the pair of electrodes 
which were nearest together (66.4 cm.). These measurements were not 
as satisfactory as the other measurements, both the ‘‘original deflection*’ 
and the “secondary deflection” being oftentimes very large. This was 
perhaps partly due to the fact that the two electrodes which were con¬ 
nected by the shortest length of conducting solution were in reality much 
further apart on the wheel, as will be seen from the diagram, tlian the pair 
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of electrodes usually employed which were separated merely by a stopcocks 
This might tend to increase the dilBPerence in the conditions around the 
electrodes. 

With the sodium iodide solution 52 accelerations were made. Owing 
to large “secondary deflections*’ or other reasons, the values of the 
measurements were discarded in 17 cases; the remaining 34 measurements 
gave an average “galvanometer throw” of 0.26 mm. 

Allowing for the smaller resistance of the column of solution (515 
ohms) when the electrodes nearest together (66.4 cm.) were used, it is 
possible to calculate the expected galvanometer throw from the value 
(0.91 mm.) obtained when the electrodes were furthest apart (190.8 cm.), 
and the resistance of the solution was 1370 ohms. The calculated value 
is 0.37 mm. which agrees with the above within the probable experimental 
error. (The change in sensitiveness of the galvanometer with resistance 
has been allowed for with the data given in Table I.) 

With the lithium iodide solution 13 accelerations were made witli tlie 
electrodes nearest together. The values of the measurements were dis¬ 
carded in 5 cases, the average value of the remaining 8 galvanometer 
throws being 0.32 mm. The resistance of the short column of Lil solu¬ 
tion was 720 ohms. 

The expected value of the galvanometer throw, calculated on the basis 
of a throw of 0.99 mm, with the electrodes furthest apart would have been 
0.42 mm., which is again a check within the probable experimental error. 

In concluding our account of this experimental work, it should be 
noted that when the tube of solution was replaced by a single turn of 
copper wire absolutely no effects were observable in the galvanometer on 
ac^eration, showihg that the effects were not of accidental origin, and 
that the winding upon the bub of the wheel of the flexible connecting 
wire introduced no error. 

6. Conclusions. 

The data presented in the preceding sections afford conclusive proof 
that potential differences are developed at the ends of a column of 
accelerated electrolyte, and, within the necessarily large experimental 
error, check the requirements of our theory of accelerated solutions. 
Previous to these determinations, the only work reported on accelerated 
electrolytes was an ex|>eriment of Colley^ made in 1882 by dropping a 
tube of cadmium iodide solution. His result was also in approximate 
agreement with theory. 

It might seem as though there were no necessity for carrying out these 
measurements of the veiy small potential differences which can be pro¬ 
duced in accelerated solutions, since the similar dectromotive forces that 
are produced in solutions by the action of obtainable centrifugal forces 
1 CoUcy, Wted. Ann., 17, 55 (18S2). 



tHE ACCBLER4TION OF electrical conductors. 481 

arc much larger and have already been thoroughly investigated.^ The 
measurements were made, however, with the view of extending such 
investigations to the much more difficult problem of metallic conductors 
where, as we shall see, the acceleration method is far better adapted than 
the centrifugal method. Hence it seemed desirable to obtain some 
preliminary experience with accelerated electrolytes and get, if possible, 
a check on the general theory of accelerated conductors. 

PART n. METALLIC CONDUCTORS. 

(Experimental work performed in the Chemical l.aboratory of the University of California by 
R C. Tolman and T D Stewart ) 

I. Introduction. 

At the present time, we have at our command much less definite in¬ 
formation concerning the physical-chemical structure of metallic con¬ 
ductors than wc have for electrolytes. There have, however, long been 
theoretical reasons for supposing that the current is carried at least in 
solid metals largely by the negative electron, and of late years there has 
been increasing experimental evidence in support of such a hypothesis.^ 

If this hypothesis is correct, the carrier of electricity in a metal should 
have a mass about 1/1800 of that of the hydrogen atom, and it should 
be possible to obtain evidence of its presence either by a centrifugal 
method, in which a measurement would be made of the difference in 
electrical potential between the axis and rim of a rotating metallic wheel, 
or by an acceleration method similar to the one which we have just de¬ 
scribed for electrolytic conductors. 

The centrifugal method, which is quite successful for electrolytic conductors, 
is not at all well adapted for metals. In the case of rotating tubes of 
electrolyte, electrical connection with both the inner and outer electrodes 
can be made by wires which lead to central mercury cups and connection 
with these cups can be made to the measuring apparatus. In the case of 
a rotating disk of metal, however, if a wire connection be taken from the 
periphery to a central mercury cup, the electromotive force set up in this 
wire will obviously be just equal and opposite in direction to Ae potential 
difference between the periphay and aids of the disk and hence com¬ 
pletely neutralize the desired effect.® For this reason it is necessa^ry to 
make connection with the periphery of the wheel with some form of 
rubbing contact and this will itself produce large and variable electromotive 
forces. Experiments with a rotating aluminum disk were made by 
Nidiols* who fotmd that the variable electromotive forces produced by the 

^ Tolman, This Journal, 33, 121 (1911). 

* See, for example, Richardson, Science, 38, 57 (19^.^)- Kraus, This Journal, 

35 * 1732 (1913) 

* In the case of the electrolyte the electromotive force set up in the wire connec¬ 
tion is of course negligible in comparison with that set up in the tube of electrolyte. 

* * Nichols, Physik, Z,, 7, 640 (1906). 
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contacts were relatively very large, although he was able to conclude from 
his experiments that the mass of the carrier of electricity in metals must 
at least be smaller than the mass of the hydrogen atom 
The acceleration method seems much more suitable for metals, ^nd 
the authors have carried out measurements by this method which show 
that the mass of the carrier m metals is probably less than 1/200 that 
of the hydrogen atom The authors believe, however, that it will be quite 
possible to modify further the apparatus so as to detect the still smaller 
effects which would be produced if the carrier is really the electron with a 
mass 1/1800 that of the hydrogen atom 

2. The Apparatus. 

The accompanying photograph, Fig. 2, shows the mam features of the 
apparatus which we employed. It consists essentially of an aluminum 
alloy (Macadamite) disk iiVa'^ lu diameter with a groove cut in the nm 
wide and deep. In this groove was wound 2407 feet of No 28 
silk insulated copper wire making connection at the two ends with the 



Fig 2 

insulated binding posts seen at the centre of the disk. The insulation 
between the wire and the disk was found to be entirely satisfactory, 
and the lengths of the wire, as determined by weight and by resistance, 
were found to be the same, showing satisfactory insulation between the 
different turns of wire. 

The disk was mounted on a vertical shaft, connected by enclosed spiral 
gears (ratio of 3 to 29) with the horizontal shaft carrying the pulley seen 
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at the right of the picture. This pulley was belted direct to a two horse 
power motor. It was found necessary to make the pulley out of bronze 
since the magnetic effect of a rotating iron pulley produced large and 
fluctuating electromotive forces in the coil on the disk, because of the very 
large number of turns of wire. 

A brake, not shown in the figure, was arranged for bringing the disk 
quickly to rest. It functioned by squeezing the rim of the wheel between 
leather pads and would bring the disk to rest almost instantaneously 
from a speed of 5000 revolutions per minute. 

To measure the speed of rotation the apparatus was made to drive a 
magneto, which was placed about eight feet away in order to minimize 
magnetic disturbances. This magneto was driven by the small shaft 
leading off to the right of the picture. The voltage of the magneto, 
which was approximately proportional to the speed, was read on a volt¬ 
meter placed conveniently near to the operator of the apparatus. » 

For the apparently difficult problem of making, between the rotating 
coil and the galvanometer, an, electrical connection which would not 
itself introduce appreciable electromotive forces, a surprisingly simple 
and satisfactory solution was eventually found. The connection was 
made through fine silk insulated wires which led directly up from the 
binding posts and were allowed to twist up when the apparatus started. 
In order to allow for the shortening produced by the twisting, the wires 
were led over a pulley providing sufficient slack which was kept tight by a 
small weight The wires went through a hole in the ceiling to the ceiling 
of the room above, and this allowed for enough twisting so tliat two or 
three runs could be made before the wires broke. The insulation between 
the twisted wires was found to be entirely satisfactory, and with the 
galvanometer employed we could not find that any electromotive force 
was produced by the twisting. 

The galvanometer was connected directly in series with the rotating 
coil through the above connections. It was a Leeds and Northrup high 
sensibility galvanometer, having a resistance of 36 ohms and was used 
without damping coils. The galvanometer was mounted on concrete 
masonry and showed no observable deflections when directly short 
circuited. Its sensitiveness as a ballistic galvanometer was found by 
discharging the secondary of a standard solenoid through.it, having in 
the circuit the same total resistance as with the coil of wire on the disk. 
The distance from the galvanometer mirror to the scale was about fifty 
inches and the sensitiveness approximately 2.1 X lo^® coulombs per 


I mm. throw. 


3* The Experimental Work. 


The experiments consisted in bringing the apparatus to a high speed of 
rotation, suddenly stopping the disk and observing whether there was any 


pulse <rf electricity through the galvanometer. 
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Even when the wheel was entirely at rest the galvanometer was usually 
found to be giving small and variable deflections. These deflections were 
mostly not very rapid, although sometimes there would be sudden jumps, 
the total range of deflection usually being inside of i mm., and often less 
for long periods of time. It was found that these variable deflections were 
apparently caused by variations in the magnetic flux through the large 
number of turns of wire in our coil, these variations being due to 
nearness to the disturbances of the city of Berkeley. By going about a 
mile up the canyon back of the university and setting up the same 
galvanomteer it was found that these effects disappeared. The de¬ 
flections were not large enough to interfere seriously with our experi¬ 
ments at their present stage of accuracy, but would have to be eliminated 
before further progress could be made. 

Besides these deflections, which were produced by fluctuations in 
magnetic field, it was found that the slight tipping which could be given 
to the disk because of the natural looseness of the vertical shaft in its 
bearings would cut enough lines of force to produce a galvanometer 
throw of about 5 mm. Even putting on the brake when the wheel was 
entirely stationary would usually produce tipping enough to cause per¬ 
haps as much as a millimeter throw. For this reason we could not expect 
the galvanometer to remain absolutely stationary when the rotation 
of the wheel was stopped by the brake, and in fact on stopping the wheel 
we obtained throws all the way from zero up to 3 or 4 mm. Before further 
progress can be made these accidental effects will have to be eliminated. 


4* Results. 

From our experiments, however, we think it pretty safe to conclude 
that on reducing the speed from the neighborhood of 5000 revolutions per 
minute to zero there was no systematic galvanometer throw greater than 
I mm. which would correspond to 2.1 X 10"* coulombs. 

Consider now equation (8), which connects the quantity of electricity 
delivered, on accelerating an electrolytic conductor, with the total change 
in velocity, the length of the conducts, the equivalent weights of the 
carriers, etc. For the case of metallic conductors we may consider that 
the only mobile carrier is the electron, and may at least temporarily 
assume that its partial specific volume is small enough to be negligible, 
which will give the equation the simple form 


^ lO^F (R + R,) 


m 


(9) 


where m is the equivalent weight of the electron. Putting Q » a.i X io~* 
coulombs (whidi corresponds to a galvanometer throw of i mm.), I ^ 
73500 cm. (the total lei^;th of the wire), u « 7100 cm./sec., (the 'rim 
velocity at 5000 r. p. m.), and R + R, * 136 ohms, the total reristance 
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of the circuit, we obtain for m the approximate value 0.005, showing that 
the mass of the carrier in metals is probably less than 1/200 that of the 
hydrogen atom. 

5. Conclusions. 

We believe tliat these experiments have set a limit for the mass of the 
carrier in metals considerably lower than any previous experimental 
work.^ We see, moreover, no insuperable difficulties in carrying the 
sensitiveness of our method to a point where the electron, if it really 
is tlie carrier of electricity in metals, with a mass 1/1800 that of the hy¬ 
drogen atom, should produce an appreciable effect. One of our main 
purposes in giving this brief description of our work on metallic conductors 
is the hope that we may be able to obtain funds for carrying this research 
to completion, a consummation which for many years has been the desire 
of one of the present authors.^ 

A tenfold increase in the accuracy of the observations would apparently 
be sufficient for the desired purpose, and it seems probable that this 
could be obtained if we could eliminate the accidental effects produced 
by uncontrollable variations in the earth’s magnetic field and thase pro¬ 
duced by the small tipping of tlie disk which unavoidably occurs when the 
brake is applied. Probably the best way to accomplish this result will 
be to try to construct efficient screens for cutting out the earth’s magnetic 
field from the apparatus. With the help of such a magnetic screen and 
some increase in the sensitiveness of the apparatus, whicli could be ob¬ 
tained by increasing the length of wire on tlie disk and its rim velocity, 
as well as obtaining a more sensitive galvanometer arrangement, it should 
be quite possible to solve the problem. 

Bi$rk9i.I{y. Cal. 


ON THE TRANSITION TEMPERATURES OF THE HYDRATES 
OF SODIUM CARBONATE AS FIXED POINTS 
IN THERMOMETRY. 

By Thbooors W. Richards and Augustus H Fiskk 
Received December 15, 1913 

Recent investigations conducted in this laboratory, and confirmed 
elsewhere, have shown that the transition temperatures of hydrated 
crystalline salts provide excellent means for fixing definite points upon 

‘ As far as we know, the only quantitative experiments reported in the literature 
are those of Nichols of which we have already spoken. Maxwell ["Treatise on Elec¬ 
tricity and Magnetism/* 3d edition (1892), Vol. II, et .seq.) and Lodge ["Modem Views 
of Electricity’* 3rd edition (1907), p. 89] have both attempted, without success, to 
obtain effects dependent on the mechanical momentum which might be associated 
with the passage of a current of electricity, but give no figures as to tlie sensitiveness of 
their methods. 

* See Tolman, Science, 37, 192 (1913). 
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the thermometric scale. ^ The transition temperature of the dekahydrate 
of sodium sulfate at 32.383®® was first selected, for many reasons; and 
it has proved to be the most convenient of any as yet studied. Although 
sodium sulfate is thus to be preferred if only a single point near the ordinary 
temperature of the room is sought, obviously the knowledge of other 
points woidd be desirable. Accordingly, a number of other substances 
have been investigated with regard to their suitability for the purpose. 

Among the salts suggested in the second Harvard paper (1899) was 
sodium carbonate. At that time little was known concerning the transi¬ 
tion temperatures of the various hydrates of tliis salt; accordingly, a pre¬ 
liminary determination of one of the points was made, and it was shown 
that satisfactory constancy was attainable.^ The intention was to study 
this and other points more carefully, but soon afterwards several investi¬ 
gations, especially those by Epple,^ Ketner,® and Wells and McAdam,® 
largely covered the ground. These researches, especially the last, liave 
shown clearly that the stable hydrates are the following: between ~ 2.1® 
and +32.0®, the dekahydrate; between 32.0® and 35.4®, the heptahydrate; 
and above 35.4®, the monohydrate. Wells and McAdam found also that 
the transition between the dekahydrate and the monohydrate is 32.96®, 
and their diagram shows very clearly the situation. 

Although the work of Wells and McAdam was very carefully done, it 
seems desirable to verify these points upon as many accurate instruments 
as possible, and also to determine how well fitted they may be for tlie 
standardizing of thermometers. If they are easily reproduced, the three 
transition temperatures would form an exceedingly useful means of 

* T. W. Richards, Am. J. Sci., [4] 6, 201 (1898); Richards and Churchill, Proc. 
Am. Ac€Ld., ^77 (1899); 'Richards an<l Wells, Ibid., 38, 435 (1906); Ibid., 38, 431 
(1902); Richards and Wrede, Ibid., 43, 343 (1907); Richards and Kelley, Ibid., 47, 171 
(1911). Four of these pai>ers are to be found in full in the Z. physik Chem., the ref¬ 
erences being respectively, 26, 690 (1898); 28, 313 (1899); 43, 465 (1903); 61, 313 
(1908). The work on manganese chloride was finished by Dr. Wrede and one of us at 
the University of Berlin. The sixth paper appeared also in This Journal, 33, 847 
(1911). Jeannel (Compt. rend., 62, 834 (1866)) suggested long ago the use of a transi¬ 
tion point of hydrated sodium acetate for testing and standardizing thermometers, but 
no one seems ever to have followed up the suggestion or to have actually used it in 
this way. The fact that such a suggestion concerning any crystalline salt had been 
made before 1898 has been unknown to the present authors until now. We arc in¬ 
debted to Professor W. Lash Miller for his having called our attention to it. 

® Dickinson and Mueller (C. 2, 7 (1908)) found 32.384®, confirming os nearly 

as could ^ expected the value found in this laboratory. 

* Through a typographical error the initial hydrate was stated to contain 10 HjO 
instead of 7 HaO (Proc. Am. Acad., 34, 278 (1909)), but this error was eliminated when 
the paper was reprinted in the Zeitschrift fUr physikalische Chemie, two months later, 

* Inaug. diss., Heidelberg, 1899. 

* Z. physik. Chem., 39, 645 (1902). 

* This Journal, 29, 721 (1907). 
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calibrating a Beckmann instrument, since they cover three and one- 
third degrees, with an intermediate point. The present paper is con¬ 
cerned with the redetermination of the lowest of the three points. 

Purification of sodium carbonate is conveniently conducted by re¬ 
crystallization. The purest “chemically pure” material of commerce 
was recrystallized ten times, the transition temperature of each suc¬ 
cessive group of crystals being taken; the purification was continued 
until no furtlier change occurred in the transition temperature. The 
crystallization was conducted by cooling from about 40® to 10°; and 
centrifugal draining helped to eliminate the mother liquor. During the 
last three crystallizations the substance came into contact only with 
silver or platinum. 

Pure sodium carbonate is not easily kept without deterioration, because 
it, of course, attracts any trace of hydrocliloric or sulfuric or even carbonic 
acid which may be in the air, either through leakage from stoppers of the 
laboratory reagent bottles or from the products of combustion of illum¬ 
inating gas. If the best results are to be obtained from the salt, it must 
be protected with the utmost care, or better, used at once. We have 
often found that material even preserved over lime or potash for as short 
a time as twenty* four hours, may change several thousandths of a degree 
as to its transition temperature, unless the desiccator is well sealed. One 
of the samples (P^), having been kept under a bell-jar not perfectly tight, 
had its transition point lowered as much as 0.02° in three weeks by im¬ 
purities taken from the laboratory air. That the salt will keep perfectly 
pure, when properly guarded, is proved by the ver>" constant results 
obtained from the purest samples, to be recounted in the following pages. 

The water of crystallization in the various phases of the salt was de¬ 
termined by titrating weighed amounts of the roughly pulverized crystals 
(dried in air tmtil just to the point of efflorescing) by means of half normal 
hydrocliloric acid, methyl orange being used as the indicator. The sub¬ 
stance employed in tlie final determinations showed an average molecular 
weight of 281, the theoretical molecular weight of Na2C03ioH20 being 
approximately 286. After these crystals had been entirely transformed 
at 32.02® into the other phase in equilibrium at that temperature, the 
crystals constituting tliis new phase were separated from the supernatant 
mother liquor, pressed on warm filter paper in a warm room at about this 
temperature and analyzed as before. The resulting crystals, when 
freshly prepared, were found to have a molecular weight averaging 234, 
leaving no doubt that the phase in question was the heptahydrate, which 
has a theoretical molecular weight of 238. Pursuing the same quest 
further, we heated the substance for some time above 40®, when a new 
phase appeared which was found, after separation of the mother liquor, to 
have the molecular weight of 124—^thus being without question the mono- 
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hydrate, in^hich ha$ this theoretical value. All of these phases, on standing, 
in a desiccator over a large excess of concentrated suUuric acid for three 
or foin: weeks, give a substance having a molecular weight below 107, 
showing that under these conditions the water is practically all removed 
(Na«C 08 * 106). These conclusions, except the last, all correspond with 
the statements of Wells and McAdam. 

The successive products of the first five recrystallizations, made from 
distilled water in porcelain dishes, were all prepared before April 15, 
1911, portions of each having been saved for the study of their transition 
temperatures. After an intermission of a week, two more crystallizations 
in porcelain were made, and then all of the seven samples were carefully 
compared as to their transition points. 

The preliminary determination of the constancy of the transition 
temperature was made by means of a sensitive Beckmann thermometer 
in an apparatus essentially like the Beckmann freezing-point apparatus, 
as indicated in previous papers. The large test-tube containing the salt 
was surrounded by an air jacket, and this latter was immersed in a water 
bath, kept about 0.3® higher than the temperature to be observed by 
means of a suitable electric coil. The transition point showed a slight 
and steadily decreasing rise with increasing purity, until sample E was 
reached. Two subsequent recrystallizations made no further change in 
this value—apparently this was the purest salt which could be obtained 
by recrystallization in porcelain. In the meantime the crystallization 
was being carried further, from the purest water, in platinum; with this 
product another constant point 0.001® or 0.002° higher tlian the pre¬ 
ceding, was soon reached. This seemed to be the maximum, and therefore 
the true transition point of the really pure substance. 

After the ninth product (sample J) had had its transition point re¬ 
determined several times over a period of severkl weeks, it was recrystallized 
once more; and because the corrected reading of the Beckmann tlier- 
mometer at the transition point of this material gave almost exactly the 
same value as the preceding, the final determination of the transition 
temperature was made as soon as possible. 

Before the final readings are presented, a tabulated statement of the 
preceding results may be given; it is of interest as indicating the exact 
measure of the impurity eliminated in each of the successive steps. One 
may note that the Beckmann readings needed correction for the pressure 
(0.002 ® per centimeter of barometer) and for the temperature of the emer¬ 
gent column (0.001® per degree Centigrade). The comparison of the 
observeid values in the second column and the corrected values in the sixth 
is not without interest, because it shows how erroneous may be the read* 
ing of a sensitive mercury thermometer not thus corrected. The true 
temperature given in the last column was obtained by adding the quantity 
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31.628 to^each of the readings of the Beckmann thermometer; this quantity 
was found in the final experiments to be recorded further on 







of 

Emergent 


Date 

Matenal 



Cor 

emerfj€*nt 

column 1 or 

True tem¬ 

1911. 

of dish 

Observed 

Bar 

pres 

column 

reeled to 2*> ’ 

perature 

Apr. 25 

Porcelain 

A 0 309 

764 0 

0 308 

*27 

0 30O 

934 

Apr 27 


B == 0 352 

771 0 

0 350 

28 

0 347 

M 975 

Apr 28 

. 

C 0 370 

760 0 

0 370 

28 

0 ^67 

U 995 

Apr 29 


D ~ 0 380 

763 0 

0 379 

^4 

0 380 

32 008 

Apr 15 

* 

E *= 0 382 

760 0 

<) 382 

19 

0 388 

32 016 

Apr 24 


0 == 0 382 

758 0 

0 382 

19 

0 388 

32 016 

Apr 24 

Platinum 

H = 0 388 

763 0 

0 387 


0 389 

\2 017 

Apr 25 

ti 

I 0 389 

764 0 

0 388 

23 

0 390 j 




0 395 

758 0 

0 395 

30 

39 <> , 

018 

May 12 


0 392 

757 0 

0 393 

28 

0 390 


May 13 


J " 0 394 

757 0 

0 395 

V> 

0 39c » 1 


Mav 13 

44 

0 393 

761 0 

0 393 

29 

n 389 ‘ 

w 017 

May 15 


K 0 389 

761 0 

0 389 

25 

0 ^S9 



Complete constancy having thus been obtained, the final temperature 
readings were made on very exact Baudin thermometers. 15200 and 15276, 
which have already been described m Harvard papers.^ Rvery pre¬ 
caution was taken with the observation, which was made with a very 
accurate Geneva cathetometer, the thermometers were fixed in a perfectly 
vertical position, and many readings were made, both from the front 
and through the back of the stems. Thanks are due to Di. A. W. Rowe 
and Dr^ G, L. Kelley for their help in making additional readings of these 
crucial observations. The usual corrections for calibration, internal 
pressure, external pressure, the fundamental interval and the average 
ice point (likewise tlius corrected) were applied, as well as further correction 
for tlie emergent column. This last was computed in the usual way, 
and is probably correct lo within 0.001® or 0.002®. The final results are 
tabulated below. 

After these determinations, the original Beckmann thermometer was 
again inserted into the mixture; it then indicated a temperature o.oc^i® 
lower than before—an almost negligible difference, perhaps due to impuri¬ 
ties taken from the glass and the air duruig the several hours needed for 
the exact thermometric readings. 

Thus, the transition from the dekahydrate of sodium carbonate to the 
heptahydrate was found to take place at 32.017® This value is near 
the reading (32.00®) found by Wells and McAdam, but decidedly higher 
than the result of Ketner (31.85®). The latter evidently had been less 
successful in purifying his substances; for impurities usually lower the 
transition temperature. 

1 Proc . Am Acad , 38, 434 (1902); phystk Chm . 43, 467 (1003 j 
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Tim Transition TjgacpjmATORS or Sooiom Cakbqnatk: DRRAavDRAXic-HitPTAHY- 

DRATS. 


Designation of thermometer. 

15276 . 

15200 . 

Observed reading . 

32.187 

32.257 

Cor. for calibration. 

— 4-0 006 

— 0.005 

Cor. for interior pressure. 

“f 0.056 

4* 0.038 

Cor. for exterior pressure. 

.... 4- 0.001 

4 0.001 

Cor. for fundamental interval. 

.... -f 0.001 

4 0.022 

Cor. for corrected ice point. 

.... —0.154 

— 0.212 

Cor. for emergent thread’. 

- 4 0.023 

-f 0.020 


32.120 

32.121 

Cor. to hydrogen scale . 

... — 0.104 

— 0.104 

Final value. 

. .. 32.016 

32.0x7 


Although this point is quite sufficiently sharp to serve as a means of 
standardizing thermometers, it is probable that tlie other two points 
(naniely, that involving the dekahydrate and monohydrate, and that 
involving the heptahydrate and monohydrate) are even sharper and more 
easily maintained, since as a rule, other things being equal, an increased 
latent heat of transition means increased precision. With any given 
salt, the larger the number of molecules of water lost in transition, the 
larger will usually be the latent heat of the change. The transition from 
the dekahydrate to the heptahydrate observed in the experiment just 
described involves a loss of only three molecules of water, whereas that 
from the heptahydrate to the monohydrate means a loss of twice, and 
that from the dekahydrate to the monohydrate three times as much. 

Summary, 

In this paper one of the transition temperatures of hydrated sodium 
carbonate, namely, that between the dekahydrate and the heptahydrate, 
has been carefully determined with standard instruments, and found to 
be 32.017® on the hydrogen scale, a value not very much above that of 
Wells and McAdam, who found 32.00°. Incidentally, the hydrates 
stable at various temperatures have been analyzed and have been found 
to correspond to the statements of these investigators. It is shown, 
moreover, that all of the hydrates lose water easily at ordinary tempera¬ 
tures into air dried by concentrated sulfuric acid, leaving the salt es¬ 
sentially anhydrous, whereas some previous experimenters have thought 
that one molecule of water still remained under these circumstances. 

Hakvard UMivmtsmr. 

Camrikiikni. Mass. 

1 T#cnty«<foitr degrees of thermometer 15276 and twenty-one degrees of ther» 
mometer 15200 were exposed to the room temperature of 26. o ® 
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THE COMPRESSIBILITY OF ICE. 

By TBSOI>OK]t W. RlCBAftDS AND CbAKBNCS L- SpSYRNS.! 

Received January 29 , 1914 . 

This investigation was conducted during the year 1909, and a pre¬ 
liminary report, giving tlie results but no details, was published in the 
Year-Book of the Carnegie Institution of Washington for 1910.^ In view 
of the fact that the compressibility of ice is a very interesting properly 
from many points of view, and also because no other actual experimental 
determination of this constant seems ever to have been made, a more 
complete discussion of the data and results may be expedient. 

The experimental details have already been so carjjfully described in 
previous papers from the Chemical Laboratory of Harvard College that 
further description is perhaps unnecessary. Of course it was imperative 
to work at a constant temperature so far below zero that the ic(‘ would 
not melt under pressure. This temperature ( - 7.03°) was maintained 
by packing the compression apparatus in ice, bathed in a dilute sc^ntion 
of common salt, into which portions of a more concentrated solution w^re 
stirred from time to time as the ice in the bath melted. The glass piez¬ 
ometer w^as first wholly filled with mercury, and subjected to carefully 
measured, gradually increavsing pressures; afterwards it w^as partly filled 
with ice (which of course displaced an equal volume of mercury), and 
again subjected to quantitative compression. The determination of vol¬ 
ume was effected by allowing the mercury to make contact with a very 
finely pointed platinum wire in a capillary tube, changes in volume being 
determined and measured by weighed globules of mercury added through 
the capillary. From the curves indicating tlie relations of added pressure 
to added mercury in the two cases, the difference between the compressi¬ 
bility of mercury and of ice is very simply calculated. The compression 
of the apparatus, occurring equally in the two series, is entirely eliminated 
from the result. 

The form of piezometer was essentially that indicated by the diagram 
taken from a previous paper. ^ Dilute alcohol was used in the capillary 
above the mercury, instead of water as usual. It was found that in this 
apparatus in two successive and entirely distinct trials with mercury 
alone in the apparatus, a variation in pressure of 398 megabars^ cor¬ 
responded to 0.365 gram of mercury, and 416.5 megabars corresponded 

^ This paper was written after the death of Dr. Speyers. The experiments were 
carried out by the two authors in collaboration. 

* Year Book, Carnegie Institution of Washington, 9, 221 (1910) 

* This Journai., 34, 975 (1912). 

* The megabar is the "atniosiihere” of the c g. s system, being tlie pressure of 
one million dynes per square centimeter. It is about 0.987 ordinary atmosphere 
See This Journal, 26, 4081 (1904). This standard of pressure has recently been 
adopted by the Blue Hill Observatory. 
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to o.3«9 gram of mercmy. Evidently then on the average 400 mega- 
bars correspond with 0.370 gram of added mercury. These deter¬ 
minations, which took place at —7.03°, were verified by two determina¬ 
tions at higher temperatures. The corresponding values for o® and 20® 
were* respectively, 0.378 and 0.398. By extrapolating these values about 
the same result (0.373) Is obtained as the average given above, so that 
(rating each determination as of equal weight) 0.371 may safely be taken 
as the mercury-constant of the apparatus. The pressure gauge was very 
carefully verified by reference to an absolute standard. 

Into the apparatus thus standardized, ice was introduced in two ways. 
In the first place fhe solid was frozen as a hollow adherent cylinder in 
the inside of the piezometer, this having been filled with pure boiled, 
air-free water and packed in a mild freezing mixture. When 
about half of the water had been frozen, the remainder was 
poured out, and by carefully weighing the amount of ice 
clinging to the tube was determined and found to be 14.779 
grams (in vacuum). While the apparatus was still packed in 
the freezing mixture, it was filled with cold mercury and the 
stopper adjusted with all the usual precautions so often de¬ 
scribed in previous papers. It was then subjected to quanti¬ 
tative compression at —7.03®, and the amount of mercury 
which must be added for 400 megabars' increase of pressure 
(between 100 and 500 as before) was found to be 1.079 grams, 
or 0.708 more than when the mercury alone was in the appa¬ 
ratus. 

All this was done in warm weather, during the month of 
June, 1909.. For fear that the clinging of the ring of ice to 
the glass piezometer might interfere with the exact determina¬ 
tion of the compressibility, it seemed highly desirable that a 
free cylinder of ice also should be compressed in the same ap¬ 
paratus, but during the warm weather this was not easily 
feasible because of the melting of the ice during the weighing 
and transference. In the month of December, following, 
however, the confirmatory experiment was actually carried 
out in a very cold room. A cylinder of ice weighing 9.475 
grams in vacutun was compressed in the same glass piezometer in the 
usual fashion, and the total amount of mercury added for 400 mega¬ 
bars was found to be 0.8x5 gram. Subtracting the change when mercury 
alone is in the receptacle, 0.444 is obtained as the difference between 
the mercury added in the two cases over this range of pressure. From 
the June experiment we should conclude that the introduction of 10 
grains of ice into the vessel would cause an added mercury value of 0.479, 
and from the December experiment that 10 grams would produce a 
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■change of 0.470* Evidently the two determinations are essentially con¬ 
cordant and from their average the compressibility of ice is easily calcu¬ 
lated by substitution in the usual equation so often used in previous work:^ 

. 0-474 X 0.918 , _ 

Pioa-600 = -- ^ + 0.00000398 = 0.00000120. 

13.642 X 10 X 400 

The deviation of each single result from the mean is less than 
1%, which is as good an outcome as could be expected considering the 
difficulty of the problem. 

Attention should be called also to the fact that the isotherms plotted 
from the observations showed but little curvature—indicating that the 
change in the compressibility of ice with increasing pressure is not large. 
The average compressibility of between 300 and 500 is probably not 
over 3% less than that between 100 and 300 megabars. Thus in the first 
experiment the change of pressure from 85 to 306 megabars needed an 
addition of 0.5970 gram of mercury, while the further rise of pressure to 
500 megabars needed the almost proportional amount, 0.5140 gram more. 

The compressibility of ice, 0.0000120, as thus found at 7.03°, appears, 
as has been said, to be the only value for this constant which has ever 
been found by direct experiment. It is about one quarter of the com¬ 
pressibility of water at neighboring temperatures, about five times the 
compressibility of glass, and somewhat less than that of metallic sodium. 
Bridgman, in his important and interesting work upon tlie various forms 
of ice, calculated by a somewhat elaborate thermodynamic treatment 
the compressibility of common ice (Ice I) at 0° as 0.000036, a value three 
times as large as that found in these experiments. Higher pressures 
)nielded lower results, but not correspondingly low. He admits, however, 
that the figures are not very trustwortliy. For Ice VI, a less bulky form, 
he determined the compressibility at pressures above 6500 atmospheres 
and at temperatures above o®, finding it to vary from 0.0000055 to 
0.0000037.® These values seem to be much more in accord with the 
present work than the result of his calculation, because Ice VI at high 
pressures might be supposed to have a compressibility about this much 
smaller than Ice I. Possibly the compressibility of common ice has an 
abnormally high temperature coefficient w^hich might explain a part of 
the discrepancy.^ 

' Loc. cit., p. 980. See also Stabler, Arbeitsmethoden, 3, 246-61 (1912). The value 
0.00000398 is the compressibility of mercury over this range as computed from Bridg¬ 
man’s results together with some as yet unpublished results of Richards and Shii)ley. 
The preliminary adoption of this value is the reason for the fact that the values for 
ice given in this paper are slightly larger than in the preliminary publication 

• This is the density of mercury under 500 megabars’ pressure at —7 

* ihridgman, Proc. Am, Acad,, 47, 536 (1912). A later calculation gives 0.000045, 
Bridgman, Ibid., 48, 362 {1912). 

^ Bridgman’s computation ol the compressibility of common ice is to be found in 



494 THEODOim W. mCHA&DS Am CXAldINCE t. 

It should be noted that Bridgman^s method dt eatpeiimentationi while 
admirably adapted for work under high pressures and constituting a 
really epoch-making contribution to this kind of work, is not particularly 
adapted to accurate work under comparatively low pressures, such as are 
considered in the present discussion. In view of the fact that work 
precisely similar to this present research, carried out with other solids in 
the Chemical Laboratory of Harvard College, has yielded results admirably 
concordant with the other most satisfactory work upon compressibility 
(taking into account the modem value of tlie compressibility of mercury); 
and also in view of the fact that our work upon liquids also agrees with 
Bridgman's, insofar as they are comparable, one can hardly escape the 
conclusion that the compressibility of ice is really as low as that found 
here. Incidentally it may be stated that the great apparent disagreement 
between certain of our results on liquids and the best work of others, as 
suspected by Bridgman,' really does not exist. In making the com¬ 
parison, he overlooked the fact that our values are all given between too 
and 500 atmospheres, and therefore should not be immediately compared 
with the work of others over the whole range between the atmospheric 
pressure and 500 atmospheres. 

In conclusion, it is a pleasure to acknowledge our indebtedness to the 
Carnegie Institution of Washington for generous pecuniary assistance in 
the conduct of this investigation. 

Summary* 

• The compressibility of ice between 100 and 500 megabars is found to 
be 0.0000120 at —7.03® C., or about one-quarter of the com¬ 
pressibility of water at neighboring temperatures. It is found not to 
decrease remarkably as the pressure increases. This is probably the first 
direct determination of the compressibility of common ice which has ever 
been made. The difference between the low result and the higher value 
obtained by Bridgman through indirect calculation is probably due, at 
least, in part, to the existence of a large temperature coefficient. 

Wolcott Gibbs Memorial Laboratory. 

Cambridgb, Mass- 

Froc. Am. Acad, 47, 473 (1912;. After the present paper had been sent to the press, 
upon having his attention called to its contents, he was able to verify the above pre¬ 
diction that the compressibility of common ice probably has an abnormally high tem¬ 
perature coefficient. With the help of his and other data, he has calculated that the 
average compressibility ot icc between the zero of pressure and the melting pressure 
would be 0.000033 at o®, o 000023 at —5 0.000021 at —7 0.000019 at —10®, 0.000016 

at —15®. The compressibility at —7® is still found to be higher than that given in 
the present paper, but nevertheless the agreement is much better than that of Bridg¬ 
man’s published results. He agrees with me in thinking that the remainder of the 
discrepancy may possibly be due to a considerable softening of the ice just before melt¬ 
ing. This point is one of great interest, and will receive further experimental .study 
here. 

^ Free, Am. Acad., 49, 48, 74. 
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^Contribution prom thr Chbmical Laboratory op thb Orbgon Agricultural 

Expbrimbnt Station.] 

THE KEACTION BETWEEN SXILFUR AND CALCIUM HYDROX¬ 
IDE IN AQUEOUS SOLUTION. 

By Herman V Tartar 
Received December 25 , 1913 

Introduction. 

In a previous paper^ reference was made to the commercial use of the 
reaction between calcium hydroxide and sulfur in the manufacture of the 
“lime-sulfur” spray, an insecticide now in wide general use. At that 
time, a r^sum6 was also given of the literature on this and the analogous 
reactions of the alkali metals 

The particular difficulty which presented itself in the study of the 
reaction between sulfur and calcium hydroxide was the easy decomposi¬ 
tion of the calcium thiosulfate formed, into calcium sulfite and free sulfur. 
This decomposition obscures the primary reaction which takes place. 
Experiments, similar to those used in previous work,^ were tried and it 
was found practically impossible to combine even small amounts of cal¬ 
cium hydroxide and sulfur in heated aqueous solutions without some de¬ 
composition of the thiosulfate produced. This decomposition occurs at 
temperatures much below ioo°. After some more or less unsuccessful 
work had been done along this line, it was decided to attack tlie problem 
from a different standpoint. This will be explained in what follows. 

Experimental. 

The analytical methods employed were the same as used in former work.^ 
The meaning of the coined terms, “sulhde” vsulfur and “polysulfide” 
sulfur used here, in discussing the kinds of polysulfides, is tlie same as 
that given in an earlier paper.® It is minecessary to repeat the explana¬ 
tion at this time. 

The sulfur used was purified by recrystallization from pure carbon 
disulfide in sucli a manner tliat a fine crystal-meal was obtained. This 
was pressed free from the mother liquor and thoroughly dried at a gentle 
heat. It was finely ground in a mortar and sifted tlirough an 8o-mesh 
sieve just before using. The calcium oxide used in making the hydroxide 
was prepared by heating a sample of “J. T. Baker’s Analyzed, C. P.” 
calcium carbonate in a muffle furnace until it was completely converted 
into the oxide. The distilled water had been recently boiled to expel 
oxygen and carbon dioxide. 

Two different solutions, each containing mixtures of calcium tetrasulfide, 
pentasulfide, and thiosulfate in different amounts, were prepared by boiling 

» This Journal, 35, 1741 (1913). 

* Jour, Ind, Eng. Chem,, a, 27 (1910); This Journal, sSt (iQU)- 

• Jour. Ind. Eng. Chem., 3, 37 (1910). 
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cakium hydroxide and sulfur iu water. In each case, the sulfur was used 
in dight excess and the boiling continued for more than an hour. For 
convenience, these solutions are designated as solutions A and B. Tile 
analyses of a 20 cc. aliquot portion of solution A and a 25 cc. aliquot 
portion of solution B, are given in Table I. 

Table I.—Composition op Aliquots op Solutions Made by Boiling Calcium Hy¬ 
droxide AND Sulfur in Water. 





Total 

Free 

Sulfur 


“Poly¬ 

Thio- 

calcium, g. 

calcium 

combined as 

•‘SiUfide” 

sulfide” 

sulfate 

(Calculated 

hydrox¬ 

sulfite and 

Sample. sulfur, g. 

sulfur, g. 

sulfur, g. 

as CaO.) 

ide, g. 

sulfate, g. 

20 CC. aliquot sol. A.. i 256 

4 714 

0.360 

2 56 

none 

none 

25 cc. aliquot sol. B.. 0 866 

3178 

0.936 

2 42 

none 

none 


A 20 cc. aliquot part of solution A was transferred to a liter volumetric 
flask containing 800 cc. of an almost saturated solution of calcium hydrox¬ 
ide. The flask was then connected to a hydrogen generator and pure 
hydrogen pasvsed in until all the air had been expelled, in order to prevent 
any oxidation of the polysulfide to thiosulfate. After the removal of the 
air, the body of the flask was almost wholly immersed in water which was 
maintained at a temperature near 70°. The flask was kept in tlie water 
at this temperature for over two hours. During this time, it was gently 
shaken twice and a continuous stream of hydrogen passed in. Finally, 
the solution was allowed to cool, made up to 1000 cc. volume, and analyzed. 
For results see Expt. 1, Table II. 

A second experiment, which was simply a duplicate of Experiment i, 
was carried out. The results are also given in Table II. 

In the third experiment a 25 cc. aliquot part of solution B was trans¬ 
ferred to a half-liter* volumetric flask containing 450 cc. of an almost 
saturated solution of calcium hydroxide. The flask was then handled 
in exactly the same manner as in Expt: i, and the solution finally made 
to 500 cc. volume. The analytical data are given in Table II. 

A duplicate of Experiment 3 was performed and the results obtained are 
given as Expt. 4 in the following table: 

Table II.—Composition op Aliquots Containing Mixtures of Calcium Tetra- 

SULPIDE and PENTASULPIDE AFTER BEING HEATED IN SoLItTIONS CONTAINING 

Excess op Calcium Hydroxide. 



“Sulfide” 

“ Polysulfide ” 

Thiosulfate 

Sulfate and 

Free calcium 


sulfur, g. 

sulfur, g. 

sulfur, g. 

sulfite sulfur. 

g hydroxide, g. 

Expt. I., 

1456 

4-312 

0.520 

none 

present in excess 

Expt. 2.. 

. . 1.467 

4.286 

0.510 

none 

present in fexcess 

Expt. 3... 

0.977 

2.960 

1.030 

none 

present in excess 

Expt. 4. 

.... 0.981 

2.919 

1.025 

none 

present in- excess 


A fifth experiment was made in the following manner: Exactly 41.38 
g. of calcium hydroxide (prepared by slaking 31.32 g. of calcium oxide 
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with water) were placed in a Jena glass flask, 2 liters capadty. To this 
were added 59.4 g. of sulfur, which had been thoroughly wetted, and enough 
distilled water to make the volume somewhat greater than 500 cc. The 
flask was then connected to a hydrogen generator as in the preceding 
experiments. The mixture of calcium hydroxide, sulfur and water was 
then heated to boiling and let boil briskly for 40 minutes, when the com¬ 
bination of the calcium hydroxide and sulfur seemed to be complete. 
During this time the flask was frequently shaken and a continuous stream 
of hydrogen passed in. The flask was next disconnected and the hot 
solution obtained was filtered quickly through a glass wool plug into a 
liter volumetric flask, cooled, made up to volume and analyzed. The 
results are given in Table III. 

A duplicate of the preceding ex|>eriment was made and the results are 
recorded in Table III as Expt. 6. 

Taelh III, "Composition of SoumioNs Obtained by Boieino Calcium Hydroxide 

AND Si LFUR IN WaTER 

“Sulfide” f’olvsulfidc” Thiosulfute Total caUmni g Free calcium 

sulfur, g. sulfur, g siilfui, g (Calculated as CaO ) hydroxide, g 

Expt. 5 II 52 56 II 30 15 none 

Expt 6 II 55 35 41 II 49 30 27 none 

IHscussion of Results. 

It will be noted that in the two solutions whose composition is given 
in Table I, the *‘polysulfide” sulfur is more than three times greater than 
that of the “sulfide” sulfur. If the polysulfide present were simply the 
tetrasulfide (CaSi) it 'would be exactly three times greater, l^vidently, 
the solutions both contain a mixture of calcium tetrasulfide and penta- 
sulfide (CaSs). 

The data given in Table II show that the “polysulfide” sulfur is, con¬ 
sidering the experimental error of analysis, three times greater than the 
“sulfide” sulfur, indicating that the polysulfide present is the tetrasulfide. 
Since there w^as an excess of calcium hydroxide in each of these solutions, 
it is eirident that calcium ietraisulfidc is the lowest polysulfidc formed when 
calcium hydroxide and sulfur react in aqueous solution. 

Comparing the results given in Tables I and II, it will be seen that in 
Table II there has been an increase in the amounts of both the “sulfide” 
sulfur and the sulfur combined as thiosulfate. In each of the experiments, 
these forms of combined sulfur increased in equal amounts. The data 
presented show that the **polysulfide** sulfur in the aliquot parts from 
solutions A and J?, which was in excess of that required to form the tetrasulfide 
of the calcium combined as polysulfidc, has reacted in Experiments i, 2, 3 
and 4 with more calcium hydroxide. The results from the experiments 
just enumerated also show that the primary reaction between calcium 
hydroxide and sulfur takes place as represented by the following equation: 
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3Ca(OH)2 + loS aCaS4 + CaSaOi + 3H2O 

This reaction is analogous to that occurring with potassium hydroxide 
and sulfur^ except that with the potassium hydroxide the trisuliide 
(£283) is formed. 

In Experiments 5 and 6 the calcium hydroxide and sulfur were used in 
amounts proportionate to those required in the equation given in the pre¬ 
ceding paragraph. The analytical results show that there was but a slight 
loss of calcium and sulfur due to the formation of the more insoluble 
calcium sulfite. Since there was no uncombined calcium hydroxide 
present, all of this substance had reacted with the sulfur. This fact and 
the general relationships of the amounts of the diflFerent forms of com¬ 
bined sulfur with each other, confirm the conclusions drawn from the 
preceding experiments. 

In solutions A and B where an excess of sulfur was used in preparation, 
some calcium pentasulfide was present. This justifies the conclusion 
that a secondary reaction took place in which sulfur combined with the 
tetrasulfide to form pentasulfide. 

In conclusion, it may be well to state that a discussion of the commercial 
application of the results here reported, will soon be presented for pub¬ 
lication in the Journal of Industrial and Engineering Chemistry. 

Summary. 

1. The primary reaction between calcium hydroxide and sulfur in heated 
aqueous solution takes place as represented by the following equation: 

3Ca(OH)2 + loS —^ 2CaS4 + CaS208 + 3H2O 

2. When sulfur is used in excess, a secondary reaction occurs in which 
it combines with the tetrasulfide to form pentasulfide. 

CoitVALUS, OrBOON. 


[Contribution prom the Chemical Laboratories op Clark University.] 

SOME PHYSICAL PROPERTIES AND THE ANALYSIS OF TER¬ 
NARY MIXTURES OF TOLUENE, CARBON TETRA¬ 
CHLORIDE AND ETHYLENE BROMIDE. 

Bv JOBM F. W. SCBULZa. 

Received December 20, 1913. 

The literatme of ternary systems appears to contain only two* cases 
in which unknown ternary mixtures of organic substances have been 

* Loc. cit. 

* After this communication had been sent to the editor my attention wa.s called to 
a case in which the composition of certain ternary mixtures was ascertained by de¬ 
termining their physical properties. Shinkichi Horiba has, namely, analyzed mixtures 
of water, ethyl alcohol, and ethyl ether by determining their specific jfravities, indices 
of refraction, and specific viscosities. The original paper was published in the Memoirst 
Imperial University, Kyoto, 3, 3, p. 63, (1911), and a brief abstract of it in the 



TERNARY MIXTURES OF TOI.UENE, CARBON TETRACHLORIDE, ETC. 499 

analyzed. Schreinemakers,^ in connection with his work on the system 
phenol-water-aniline, used an anal3rtical method which was purely chem¬ 
ical. The other case is in the work of Barrell, Thomas, and Young,* 
who resorted to the laborious and inexact method of fractional distilla¬ 
tion to determine the unknown composition of certain ternary mixtures. 

The method described in this communication is based on the obvious 
principle that two measurements are necessary and sufficient to determine 
the composition of a ternary mixture. Ordinary physical properties being 
chosen, the measurements are simple and the method is very rapid, after 
the two physical properties have been fully enough ascertained for mix¬ 
tures of a given set of three substances. The tables below reproduce a 
complete set of such preliminary measurements for mixtures of toluene, 
carbon tetra<'hloridc, and ethylene bromide. These data were needed 
in this laboratory in connection with a quantitative study of fractional 
distillation. They will, I believe, prove valuable in other physico-chem¬ 
ical studies as well, particularly in connection witli the thcor}^ of liquid 
mixtures, and are, therefore, reproduced in full. It will be seen that in¬ 
stead of determining only two physical properties, which vrould have been 
sufficient for purely analytical purposes, I determined three, the speci¬ 
fic volumes, tlie boiling points, and the indices of refraction. Experience 
has taught that even in analytical work a knowledge of the third property 
is not useless. 

Ternary mixtures are now generally represented by means of an equi¬ 
lateral triangle, and in part of my work this was the mode of representa¬ 
tion employed. However, dif¬ 
ferent modes of graphic repre¬ 
sentation were employed in 
the more essential parts of the 
work. 

If, in an equilateral triangle 
(Fig. i) each of whose sides 
represents 100 units, a straight 
line be drawn from a vertex, 

A, to any point on the side 
opposite, then all points on 
the line will represent mixtures 
containing two of the compo¬ 
nents, B and C, in a fixed ratio. B 
Such mixtures may be consid- 
Chentisches Zentralhlatty 2, 7, p. 437 (1911). The method employed by Horiba is, how¬ 
ever, different in many respects from that described in the present communication and 
has yielded much less accurate results. This footnote is added in the proof. 

‘ Schreinemakers, Z, physik, Chem.. 3$, 459 (iQoo) 

* Barrell. Tholnas and Young, Phtl. Mag., [5] 37> 8 (1894) 
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ered as, made up by mixing one of the three substances, A, with vary¬ 
ing amounts of a binary mixture containing the other two substances 
B and C, in the fixed ratio just referred to. In other words, each line 
within the triangle in Fig. i may be thought of as representing all possible 
binary mixtures of the component A with a certain liquid whicli is itself 
a certain binary mixture of B and C. 

If now some physical property, say the specific volumes, were determined 
for a set of mixtures along any such line within the triangle, then the graphic 
representation may be transferred to ordinary rectangular coordinates 
as follows: The origin of the abscissa may represent o% and the farthest 
point to the right ioo% of component A, At the same time these points 
will represent, respectively, loo and o% of the binary mixtures of B and C 
involved. The ordinates corresponding to the various abscissae may 
represent the physical property on a suitable shale. Then the same dia¬ 
gram may be used with reference to a second of the straight lines within 
the triangle. Now, the abscissa will represent the same percentages of 
A as before; only the new binary mixture will, of course, have a different 
composition than in the first case. The new ordinates will give a second 
curve on the diagram. In this manner a curve may be obtained correspond¬ 
ing to each of the straight lines within the triangle. Such sets of curves 
will be shown in Figs. 3, 4 and 5 further on. On such a diagram the two 
extreme curves may correspond to the two sides AB and AC of the equi¬ 
lateral triangle, and, therefore, represent binary mixtures in the true sense 
of the term. The data corresponding to each physical property measured 
will thus be represented by a separate set of curves. 

Two sets of curves having been determined, the analysis of any ternary' 
mixture of the components A, B, and C is very simple. The two physical 
properties are measured for the unknown mixture. Assuming that we 
deal with the boiling points and the specific volumes, it is evident that 
we may have an infinite number of mixtures that have the same boiling 
point as the unknown mixture, and likewise we may have an infinite num¬ 
ber of mixtures that have the same specific volume as the unknown mix¬ 
ture. But usually only one mixture can have that boiling point and at 
the same time that specific volume. The composition of this mixture is 
determined as follows: At the level representing the boiling temperature 
of the unknown mixture a line is drawn across the curves parallel to the 
abscissa. This line will cut a certain number of curves. The percentage 
of A is read where the line cuts each curve, and, since the ratio oi B to C 
is known for each curve, the percentages of these two components are 
readily calculated. Then on codrdinate paper the per cents, of B are plotted 
as the ordinates, and the per cents, of A as the abscissae. In this manner, 
a curve is obtained representing all mixtures that have the same boiling 
point as the unknown mixture. This procedure is repeated for the specific 
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volume, and thus a second curve is obtained representing all mixtures 
having the same specific volume as the unknown mixture. The two 
curves will intersect as shown, for ex¬ 
ample, in Fig. 2. At the point of in¬ 
tersection the per cents, of A and B are 
read of, and the per cent, of C is obtained 
by diference. And this is the composi¬ 
tion of the unknown mixture. It is ob- 
vious that the accuracy of the method | 
is greatest when physical properties are ^ 
chosen that differ most widely for the 
three components. 

In order to increase the reliability of 
the method, I decided to determine, 
as already stated, not two, but three 
physical properties, namely, the boil¬ 
ing points, the specific volumes, and the refractive indices. In connec¬ 
tion with the latter, however, it was found more convenient to plot the 
angles as directly observed on a Pulfrich refractometer. 

The liquids chosen for the experiments were toluene, carbon tetra¬ 
chloride, and ethylene bromide. These liquids exhibit sufficiently wide 
differences in the three physical properties to permit of accurate analysis, 
as is evident from the following table: 

Table I. 

Substance. CtHsCHs. CCI4. C2H4Brj. 

Refractive angle at 25®. 39-366® 45367° 31-350° 

Specific volume at 25® ., . .... x .x594 0.6297 o 4593 

Boiling point under 749.0 mm. 11 o. 11 ° 76.87® 130.23® 

Great care was observed in the purification of the substances. The 
carbon tetrachloride and the toluene were Kahlbaum’s. They were dried 
over calcium chloride and distilled with the aid of a five-bulb LeBel- 
Henninger column. Only the large middle fractions that passed over 
within o.i® were taken. The ethylene bromide was made in this labora¬ 
tory. After dryiilg for several days over calcium chloride, it was dis¬ 
tilled three times with the LeBel-Henninger column. Since ethylene 
bromide absorbs moisture very rapidly from the atmosphere, care was 
taken that the distillate did not come into contact with the air. Only 
the large middle fraction that passed over within 0.2° was taken. 

The boiling points of the mixtures were determined in an Oddo ebullio- 
scope, which was connected with a 100-liter manostat tank. The mano- 
stat was connected, in turn, with a source of compressed air,.with suction, 
and with a large mercury manometer. This permitted the various boil¬ 
ing points to be observed under the same pressure. The pressure em- 
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ployed in these determinations was 749 mm* (corrected to o^), which hap¬ 
pens to be the average atmospheric pressure at Worcester. 

The refractive angles of the mixtures were found by means of an ex¬ 
cellent Pulfrich refractometer (new construction). The cup of the re- 
fractometer was kept at 25 ® by a stream of water from the same thermostat 
in which the mixtures to be analyzed were kept. The washer on the cap 
consisted of rubber which was painted over with collodion. The col¬ 
lodion was denitrated by treating the washer with ammonium sulphide. 
This made the washer elastic, and permitted the closing of the cup so 
that no measurable loss by evaporation could occur. The mixtures were 
allowed to remain in the cup for five minutes before tlie final reading was 
taken. In order to transform the angles given in my table s into the in¬ 
dices, the usual formula should be employed: n = VN® — sin* e, where 
n denotes the index of refraction, N = 1.62197, and e is the angle observed. 

The specific volumes of the mixtures were determined in 50 cc. specific 
gravity bottles at 25 

The following procedure was used in making up the desired mixtures: 
The binary mixtures corresponding to those of the base of the triangle 
in Fig. I were made up of toluene and ethylene bromide, since these were 
the less volatile components. These binary mixtures will be referred 
to below as “fundamental mixtures." Carbon tetrachloride was consid¬ 
ered as the third component, and altogether iii samples were examined, 
including the three pure substances and an evenly graded set of binai^-^ 
and ternary mixtures. The measurements are reproduced in Tables 
II to XII, inclusively, the composition of each fundamental binary mix- 
ttu*e which was mixed, with increasing proportions of carbon tetrachloride 
being given at the head of each table. 

In plotting the sets of curves for the boiling points, refractive angles, 
and specific volumes with the percentage of carbon tetrachloride as tlie 
abscissa in each case, the first two cases were found to give rather dis¬ 
appointing results; the curves, namely, ran closely together and finally 

Tabus II.—First Fundamentai. Mixture: 100% C#HtCH3, 0% C2H4Brj. 


% ecu. 

Bmling point. 

Refractive angle. 

* Specific volume. 

0 

no. II® 

39-366* 

1.1594 

9.66 

107.09 

39-650 

I.1079 

20.00 

103.87 

40 017 

1.0528 

31-21 

100.68 

40.383 

0.9996 

39.88 

97.83 

40.733 

0.9552 

49.88 

94-36 

41.300 

0.8952 

60.29 

90.72 

41.833 

O.S39I 

69.94 

87.48 

42.517 

0.7882 

80*. 04 

84.00 

43.300 

0.7344 

89.89 

80.52 

44.250 

0.6821 

100.0 

76.87 

45.367 

0.6297 
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Tablk III.—Second Fundamental Mixture: 90% CcH^CHs, 10% C^H^Bra. 

% ecu. 

Boiling pdint. 

Refractive angle. 

Specific volume. 

0 

110.80* 

39.117** 

1.0876 

9.64 

107.44 

39 450 

1 0412 

19.79 

104.07 

39 817 

0.9965 

29.93 

100 75 

40 233 

0 9501 

39.97 

97.21 

40.717 

0 9034 

49.97 

93.92 . 

41 233 

0 8596 

59.99 

90 49 

41.850 

0.8124 

69.91 

87.12 

42.533 

0.7662 

79 93 

83 71 

43 333 

0 7203 

90.14 

80 19 

44 283 

0 6739 

Table TV.—Third 

Fundamental Mixture: 80% CeHiCHs, 20% CjHiBrg. 

% ecu 

Boiling point. 

Refractive angle. 

Specific volume. 

r» 

111.61* 

38 833" 

1.0184 

10.65 

107 69 

39 250 

0 9770 

20 09 

104.17 

39 650 

0.9401 

29 84 

100 72 

40 083 

0.9021 

40.27 

96 90 

40.617 

0 8615 

50.41 

93.49 

41 183 

0 8223 

60 42 

90.03 

41 817 

0 7836 

70.24 

86.71 

42.550 

0.7451 

79.93 

83 49 

43 333 

0.7076 

90 06 

80.08 

44 300 

0.6674 

Table V.—Fourth 

Fundamental Mixture: 70% C«H»CHa, 30% C*H4Br2, 

% ecu. 

Boiling point. 

Refractive angle. 

Specific volume. 

0 

112.63° 

38.502* 

0 9507 

10,05 

108.44 

38 967 

0.9180 

20 05 

104.50 

39.400 

0.8863 

30.57 

100.41 

39 933 

0 8626 

39 93 

96 69 

40 450 

0 8220 

50.37 

93 *8 

41.100 

0.7884 

59 S4 

89.84 

41 733 

0 7583 

69 90 

86.60 

42 467 

0 7264 

79 99 , 

83 21 

43 350 

0.6930 

89 51 

79 99 

44 333 

0 6602 

Table VI.—FiFtn 

Fundamental Mixture: 6o^>c CeH^CHa, 40% CsH 4 Br 2 . 

% ecu. 

Boiling point. 

Refractive angle. 

Specific volume. 

0 

113.80* 

38 083* 

0 8785 

9 70 

109 37 

38 583 

0 8543 

19.91 

104.79 

39 117 

0 8289 

29,89 

100 64 

39 667 

0 8040 

40.06 

96 52 

40 333 

0 7781 

49-95 

93.00 

40 967 

0 7537 

59 99 

89.47 

41.683 

0 7293 

70.03 

86.14 

42.467 

0 7035 

79.90 

82 99 

43.333 

0.6790 

89.60 

79 79 

44.350 

0.6533 
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V. 


Tabia VIL—Sixth Fdndamsntai, Mixnms: 50% C<HtCHt, 50% CiH«Brt. 


% ecu. 

Boiling point. 

Rofrnctive angle. 

Specific volume. 

0 

115.05** 

37.600* 

0 8113 

9.87 

109.87 

38.167 

0 7935 

20,34 

104.60 

38.817 

0.7744 

29.82 

100.63 

39.383 

0.7573 

39 87 

96.33 

40.100 

0.7386 

50,06 

92.51 

40.850 

0.7199 

59 90 

88.68 

41.650 

0.7026 

69.93 

85,62 

42.417 

0.6865 

79 95 

82.61 

43.350 

0.6658 

90.15 

79.70 

44 350 

0.6472 

TABun VIII. — SavKNTO Fundamental Mixture: 40% CeHsCHa, 60% CjHiBn.. 

% ecu. 

Boiling point. 

Refractive angle. 

Specific volume. 

0 

116 68° 

36 933° 

0 7390 

9,80 

no.71 

37 633 

0 7283 

19.91 

105 12 

38.350 

0 7170 

29 85 

100.27 

39.083 

0 7061 

40.06 

95 91 

39 867 

0.6952 

49-94 

92.46 

40 683 

0 6840 

59 87 

88.68 

4« 517 

0 6734 

69.93 

85 37 

42.400 

0.6625 

79.91 

82 42 

43 333 

0.6515 

90.06 

79 48 

44 367 

0.6398 

Table IX. — Eighth Fundamental 

Mixture: 30% CoHsCHa, 70% CiH4Br5. 

% ecu. 

Boiling point. 

Refractive angle. 

Specific volume. 

0 

118.54° 

36.133® 

0.6699 

10. II 

HI 39 

36 967 

0.6660 

19 76 

105 32 

37.833 

0 6618 

29.71 

lOO 01 

38.700 

0 6577 

39 99 

95.42 

39 600 

0 6537 

50 05 

92.00 

40.617 

0 6494 

60.16 

88.03 

41 450 

0.6455 

69 95 

84.99 

42 367 

0.6414 

79.88 

82 12 

43-350 

0.6373 

89 52 

79 49 

44.350 

0.6333 

Table X^^Ninth 

Fundamental Mixture: 20% 80% C*H4Bra. 

/% ecu. 

Boiling point. 

Refractive angle. 

Specific volume. 

0 

I2I .04® 

35.033“ 

0.6002 

9.88 

II2 .51 

36.083 

0.6032 

20.03 

105.33 

37 • 167 

0.6059 

30.47 

99 55 

38.217 

O.608S 

40,14 

94-79 

39.250 

O.6118 

49‘93 

90.95 

40.267 

0.6146 

59.85 

87.69 

41.317 

0.6177 

^.92 

84.51 

42-333 

0.6207 

86. II 

81.61 

43.383 

0.6236 

89'a3 

79-33 

44.367 

0.6264 
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Tabxe XI.—Tenth Fundamental Mixture: 10% CeHsCHj, 90% C2H4Br2. 

%ca 4 . 

Boiling point. 

Refractive angle. 

Specific volume. 

0 

124 33 ® 

33 550“ 

0.5310 

10.21 

113-49 

34-917 

0.5408 

20 . 21 ’ 

105.04 

36.300 

0.5508 

29.96 

98.98 

37.583 

0.5604 

39.91 

94.31 

38.783 

0.5701 

50.02 

90.23 

40.017 

0.5801 

60.15 

87.05 

41.167 

0 5911 

69.99 

GO 

42.267 

0 6000 

80 17 

00 

43 367 

0 6102 

89.95 

79.17 

44 367 

0.6193 

Table XII. — Eleventh Fundamental Mixture: 0% C«ILCHa, K)o% C 2 H 4 Bri 

% ecu. 

Boiling point. 

Refractive angle. 

Specific volume. 

0 

130 23® 

31 350® 

0 4593 

10 62 

114 96 

33 333 

0.4765 

20 27 

104.97 

■H J83 

0 4940 

29.86 

98 34 

36.750 

0 5101 

39 85 

93.25 

38.300 

0 5274 

49 90 

89 50 

39.717 

0.5445 

60.02 

86.35 

41 033 

0 5616 

70 64 

83.70 

42 200 

0 5787 

80 02 

00 

43 367 

0 5964 

90 13 

78 90 

44.383 

0 6187 


crossed. It was suggested that the curves might appear better distributed 
if ethylene bromide were considered as the third component, and were, 
therefore, plotted as the abscissa. I therefore undertook to recalculate 
all the values so that each curve should correspond to ascertain ratio of 
toluene to carbon tetrachloride. The calculation was carried out in tlie 
following manner: Let x == per cent, carbon tetrachloride, y ~ per cent, 
ethylene bromide, and z = per cent, toluene. In the present sets of curves 
we have z/y = %C«H6CH8/%C2H4Br2. Let this ratio be denoted by A. 
What is needed is the ratio zjx ~ %C6H6CH8/%CCl4. Let this ratio 
be denoted by B. Then y == BjAx and z = B%, But + y + « = 100. 
Therefore, x = 100/(1 + BjA + J 5 ), z ^ Bx and y = z/A. Let, for ex¬ 
ample, the problem be to calculate a set of data for the boiling-point curve 
of mixtures containing toluene and carbon tetrachloride in the ratio B «= 
9:1. We substitute, in the equation just given, this value for B, while 
for the ratio A we use consecutively the values 9 : i, 8 : 2, 7 : 3, 6 : 4, 
5 • 5i 4 ’ 3 * 7» 2 : 8, and i : 9, corresponding to the ratios of the curves 

that have been found experimentally. This will lead to a series of values 
for X and y. Now at the value of x found for a certain ratio A^ say 9:1, 
we read oflF the boiling point on the curve corresponding to this ratio. 
Evidently this boiling point must also correspond to the value y found 
for the same ratio. Hence we plot the boiling point as ordinate and y 
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as the abscissa. Thus, the boiling points for the whole series of x^s are 
read and re-plotted against the corresponding ^s. This will give us the* 
curve where B = zfx = %C6H5CH3/%CCl4 * 90/10. By thus assigning 
to B consecutively the values 8:2,713, etc., we obtain the boiling points 
Table XIII. —^Values for the Boiling-Point Curves. 

Percentages of C2H4Br2 (‘'third component’*). 

% CtHi 0 %. 10 %. 20 %. 30% 40%. 50 %. 60%. 70% 80%. 90%. 100%. 

%CCU* »C. ®C. ®C. ‘‘C. «C. ®C. ‘‘C. ®C. ®C. ®C. ®C. 

too/o IIO.II lIO.Sl 111.62 112.65 113.77 115.05 116.69 ^18.56 121.00 124.43 130.2^ 

90/10 106.98 107.80 108.79 109.95 111.28 112.78 114.60 116.85 119*83 123.81 

80/20 103.87 104.77 105.88 107.25 108.63 110.28 112.39 114.98 118.51 123.15 

70/30 100.74 101.70 102.84 104.25 105.99 107.80 IIO.II 113.02 116.97 122.40 

60/40 97*50 98.58 99.85 101.45 103.18 105.20 107.79 111.06 115.54 121.57 

50/50 94*21 95*39 96.77 98.47 100.26 102.44 105.28 108.96 113.69 120.59 

40/60 90.82 92.18 93.70 95*50 97,57 99*87102.70106.68112.02119.57 

30/70 87.48 88.98 90.65 92.53 94.71 97.32 100.48 104.61 110.30 118.62 

20/80 84.00 85.65 87.50 89.51 91.85 94.67 98.10 102.46 108.60 117.50 

10/90 80.50 82.26 84.33 86.58 89.05 92.01 95*63 100.40 107.03 116.34 

0/100 76.87 78.81 81,06 83.61 86.35 89.46 93.18 98.10 105.21 115.00 
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Table XIV.—Valubs for the Specific Volumes 
P ercentages of CtH4Brs (''third component”). 

0%. 10%. 20%. 30%. 40%. 50%. e0%. 70% 80%. 90% 100%. 

too/o 1.1595 1.0890 1.0190 0.9489 0.8790 0.8092 0.7395 o 6701 0.6002 0.5305 0.4596 

90/10 1.1043 1.0405 0.9765 o 9124 0.8484 0.7844 0.7194 0.6545 o 5896 o 5244 
80/20 1.0530 0.9940 o 9348 0.8755 0.8164 0.7572 0.6979 0.6381 o 5788 o 5190 

70/30 1.0000 0.9463 o 8922 0.8382 0.7847 0.7309 o 6770 0.6222 o 5680 0.5139 

60/40 0.9463 0.8977 0.8496 0.8012 0.7529 o 7043 0.6558 0.6065 0.5575 o 5086 

50/50 0.8932 0.8502 0.8067 o 7638 0.7205 0.6772 0.6337 0.5903 0.5470 0.5031 

40/60 0.8420 0.8035 o 7654 0.7278 0.6893 O 6510 0.6125 o 5740 0.5360 o 4980 

30/70 0.7873 0.7550 0.7222 o 6897 o 6572 0.6246 0.5918 0.5585 0.5257 o 4923 

20/80 0.7349 0.7072 06800 06527 06249 0.5971 o 5696 o 5421 o 5146 04870 
10/90 0.6820 o 6599 0.6378 0.6155 0.5933 O 5711 0.5489 o 5262 o 5040 0.4816 

0/100 o 6300 o 6130 o 5958 0.5789 o 5620 o 5450 0.5280 o 5109 0.4939 o 4768 0.4596 



Fig. 4. 
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Table XV.—^Values por The Repractive Angles. 
Percentages of toluene (“third component"). 


% CC14 

% CsHdBri 

09 J. 

10%. 

20 %, 

30 %. 

40 %. 

50 %. 

60 %. 

70 %. 

80 %. 

90 %. 

100%. 

100/0 

45 - 37 “ 

44.26“ 

43^30® 

42.52° 

41.86“ 

41.28® 

40.78* 

40.34“ 

39-98“ 

39.66® 

39.37 

90/10 

44-39 

43-42 

42 63 

42 00 

41.46 

40.96 

40-54 

40-17 

39-87 

39.60 


80/20 

43-33 

42-58 

41.98 

41.45 

41.02 

40.62 

40.30 

40.01 

39-77 

39.56 


70/30 

42.20 

41.68 

41*25 

40.88 

40.56 

40.28 

40.04 

39-83 

39-67 

39.51 


60/40 

41.01 

40.74 

40.50 

40.28 

40.10 

39.93 

39-80 

39-67 

39-56 

39.46 


50/50 

39-73 

39.70 

39.67 

39-64 

39.61 

39.57 

39-53 

39-49 

39-44 

39.40 


40/60 

38.32 

38.62 

38.85 

3901 

39.10 

39.19 

39-26 

39-30 

39-32 

39.34 


0 

0 

36.80 

37.47 

37.97 

38-35 

38.60 

38.81 

38.98 

39.10 

39-20 

39.28 


20/80 

35.13 

36.20 

37.05 

37-65 

38.08 

38.42 

38.69 

38.90 

39-07 

39.23 


10/90 

33.22 

34-89 

36.06 

36-89 

37-53 

38.02 

38.39 

38.70 

38-95 

39.17 


0/100 31.25 

33-5« 

35.03 

3613 

36.94 

37.60 

38.08 

38.49 

38.83 

39.11 




Pig. .■»• 
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required for all tlie other curves in the new set, where ethylene bromide 
is regarded as the third component, that is, as the substance mixed with 
various binary mixtures of toluene and carbon tetrachloride. These 
boiling points are reproduced in Table XIII and graphically in Fig. 3. 

Similarly recalculated values of the specific volumes are reproduced 
in Table XIV and Fig. 4. In the case of the refractive angles it was found 
♦ necessary to recalculate the original results, using toluene as the “third 
component.’* The angles so obtained are reproduced in Table XV and 
Fig- 5 - 

In order to facilitate the reproduction of the curves, the values, calcu¬ 
lated as just explained, were carefully plotted on a large scale, and the curves 
smootlied. The data tabulated below are those read off from the smoothed 
curves. In the tables, the percentage of the “third component” is given 
by the first horizontal line, while the first vertical column of figures gives 
the ratios of the “fundamental mixtures” corresponding to the several 
curves. 

In order to test the availability of these data for analytical purposes, 
eight mixtures were prepared by carefully weighing the components, and 
tlien analyzed by the metliod outlined above. It was found that the 
curves representing respectively, mixtures of the same boiling point, 
the same specific volume, and the same refractive angle do not all intersect 

BOiLihG pomrs 
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in exactly one point, as they shotild* This is obviously due to slight errors 
in the {M:edetennined curves, or else to errors in observing the ph3rsical 
properties of the mixtures analyzed. However, the three points of inter¬ 
section lie very close to one another. The point representing the true 
composition invariably falls on the specific-volume curve. This indicates 
that the pre-determined specific-volume curves are the most acciuate, 
as might be expected. Consequently, the values for the* mixtures 
were read in each case at the intersection of the specific-volume curve with 
the boiling-point curve on the one hand, and with the refractive-angle 
curve on the other hand. The mean if these two values was taken as the 
composition of the mixture. 

The results of the eight consecutive analyses are reproduced below. 
In each case I give the boiling point, the refractive angle, and the specific 
volume as found for the mixture. The column under V -f- R represents 
the percentage of the components as shown by the intersection of the spe¬ 
cific-volume curve with the refractive-angle curve, while the column under 
V + T represents the values for the intersection of the specific-volume 
curve with the boiling-temperatme curve. 

Tabi.s XVI.— Mixture 1 

Boiling point under 749 mm. . . 55° 

Refractive angle at 25 ®. ... 43 84° 

Specific volume at 25®., o 6325 





Pound. 

True com- 

DiflF 


V-f R. 

V + T. 

Mean. 

position. 

Vo 

% ecu. 

. 85.20 

84 80 

85.00 

84 93 

+0 07 

% . . 

. 10 80 

II 05 

10.92 

10 93 

—0 01 

% CtH*. 

. 4.00 

4 -15 

4.08 

4.14 

—0.06 


Tablb XVII.- 

—Mixture 2 



Boiling point under 749 mm... 



86.73" 


Refractive angle at 25 ®. 



42.117 


Specific volume at 25®. 



0 6800 





Pound. 

True com¬ 

Diff. 


V-f R. 

V + T 

Mean. 

position. 

% 

%CCl 4 .. 

66 35 

66 55 

66.45 

66.38 

-j-0.07 

% C*H 4 Br 2 . 

. 18.25 

18.15 

18.20 

18.13 

-ho. 07 

% CtHs ... . 

. 15-40 

15.30 

15-35 

15.49 

—0.14 


Tabee XVIII.—Mixture 3. 


Boiiing point at 749 mm . 97 • 38 ® 

Refractive angle at 25 ®. 39 93 “ 

Specific volume at 25®. 0.7593 



V + R. 

V + T. 

Pound. 

Mean. 

True com¬ 
position. 

Diff. 

% 

% ecu. 

. . .. 36.45 

37.50 

36.98 

37.04 

—0.06 

% CrfI,Br,. 

29.55 

28 75 

29 15 

29.14 

-ho 01 

% CtH,. 

. 34.00 

33 75 

33.87 

33 82 

-ho.05 
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Table XIX.— Mixture 4. 


Boiling point at 749 min . .. , 



103 5 *" 


Refractive angle at 25 ® . 



.37 77” 


Specific volume at 25®. 



0 6356 




Bound. 

True com- 

Difl. 

V + R. 

V4-T. 

Mean. 

position 

% 

%CCl4.. . 22.50 

23 00 

22.75 

22 88 

—0. 13 

%C2H4Br2.. 57.80 

57 50 

57 65 

57 54 

4*0. II 

%CiH$ .19.70 

19.50 

19 60 

19.58 

4*0.02 

Table XX. 

—Mixture 5. 



Boiling point at 749 mm 



109.83'’ 


Refractive angle at 25® 



39 330 


Specific volume at 25®. 



0.8941 




Pound. 

True com- 

Diff. 

v-f R. 

v-f T 

Mean 

position 

%- 

% CCI4 .. 2 20 

1.65 

I 9.25 

I 89 4*0.035 

% CjHiBr, . . 4 20 

4.55 

4.375 

4.47 —0 095 

% CiHa ... . 93 60 

93 80 

93 700 

93 64 4*0 060 

Table XXT 

— Mixture 6. 



Boiling point at 749 mm 



Ill 21 ;® 


Refractive angle at 25®. . 



35 125® 


Specific volume at 25 ® . 



0.5374 




Pound. 

True com- 

Diff. 

V + R. 

v-f T. 

Mean. 

position. 

%. 

%CCl4.. . 8.15 

8 10 

8 12 

8 13 

-fo.oi 

% C>H4Brj- 79 55 

79.10 

79.33 

79 59 

-fo 26 

% C,H,. 12 30 

12 80 

12 55 

12 28 

—0 27 

Table XXII.—Mixture 7 



Boiling point at 749 mm... 



112.5° 


Refractive angle at 25 ®. . . 



34 64° 


Specific volume at 25®. 



0.5202 




Pound. 

True com- 

Difif. 

V 4 -R. 

V -f T. 

Mean. 

positioB. 

%. 

% CCI4. 11.60 

H.75 

11.675 

II. 15 

4-0.52 

% CaH4Brs. 82 6o 

82.50 

82.55 

82.90 

-’O.35 

% C,H,. 5 80 

5 75 

5.775 

5.95 

~o.i 7 

Table XXIII.—Mixture 8. 



Boiling point at 749 mm. 



122.23® 


Refractive angle at 25 ® . 



0 

0 


Speci6c volume at 25®. 



0.4980 



Pound. 

True coiu* 

Diff. 

V 4 -R. 

V-f T. 

Mean. 

position. 

%. 

% CCI4. 4,0 

3.90 

4 00 

3 49 

—0 51 

% C2H4Br2. 91 60 

91.80 

91.70 

9^ 85 

4*0 15 

% C7H1. 4.30 

4 30 

4.30 

4 66 

4-0 36 


These results show that the method is quite accurate. The largest 
error occurs when the percentage of ethylene bromide is very great. 
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Evidently the curves are not very accurate in this region. The inaccuracy 
may be due to tlie fact that ethylene bromide takes up moisture from the 
atmosphere with extreme rapidity. This, of course, would affect the 
physical properties of the mixtures rich in this component to a consider¬ 
able extent. But, as the analyses show, the errors even in that region 
do not exceed half a per cent. Since the completion of the work I have 
fiuther used the method in a large number of cases, with similarly satis¬ 
factory results. 

It seemed desirable to see how the curves would appear if drawn accord¬ 
ing to the Roozeboom method of representation, in equilateral triangles. 
Figs, 6, 7, and 8 represent, respectively, curves of equal boiling points, 
of equal refractive angles, and of equal specific volumes. 

In conclusion, I wish to express my most sincere gratitude to Professor 
M. A. Rosanoff, at whose suggestion and under whose guidance this work 
was carried out. My thanks are also due to my friend, H. M. Potter, 
Assistant Professor of the Oklahoma Agricultural and Mechanical College, 
for a great deal of assistance in the experimental work. 

WcmcKSTSB, Mass 


NOTE. 

An Evident Boiling Rod--We have found the following forms of boil¬ 
ing rods very effective and having several advantages over the boiling 
capillaries and other means usually employed to prevent bumping. Crush 
a small piece of an alundum crucible or of a porous porcelain plate in a 
mortar to small particles about one-half millimeter in diameter. The 
material should not, however, be finely powdered. Place this coarse 
powder in a small porcelain crucible and heaH it red hot over the blast 
lamp. Heat one end of a small glass rod 10-12 centimeters in length 
until it softens and dip it into the alundum particles, which will adhere to 
the rod. Heat the rod again and repeal two or three times until a suitable 
amount of alundum particles have gathered on the end of the rod. Finally 
heat the rod in the lamp until the particles adhere to the glass. Cool 
slowly and rub off any loose particles by rubbing the porous end through 
the fingers in a cloth or towel. 

Another form of rod can be prepared by fusing one end of a narrow rect- 
angular or trianglar piece of alundum or porous procelain into the end of 
a glass rod and bending the end of the rod in such a manner at the joint 
that the piece of alundum wiU lie on the bottom of the beaker or flask. 
The size of the plate can be varied and for .some purposes larger plates 
may be used but for quantitative work it is best to have the piece as small 
as possible, because porcelain plates or alundum absorb acids and generally 
require repeated washings with hot water before they become neutral 
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to the taste or to litmus. The boiling rod should be put in the solution 
when it reaches the boiling point, not before. Gregory Torosstan. 

Clbvblano, Ohio. 


CORRECTION. 

Page 228, line 4, should read . .7 = 1.530-1.535; .”. 

Page 228, line 26-7, should read . .parallel to the a-7 plane”. 

George W. Morey. 
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THE PREPARATION AND PROPERTIES OF CERTAIN METH- 
OXYLATED CARBINOLS, OLEFINS AND KETONES, DE¬ 
RIVED FROM TRIMETHYLGALLIC ACID. 

By Makston Taylor Bogbrt and Robbrt Mslyns Isham. 

Received December 29 , 1913 . 

1. Introductory. 

In secondary and tertiary carbinols of types I and II, the introduction 
of methoxyl groups in place of one or more of the hydrogens of their 
L C6H6.CH(0H)R. II. C6H6.C(0H)R2. 

phenyl nuclei causes interesting alterations in their properties. 

As compared with triphenyl carbinol itself, von Baeyer and Villiger,^ 
Kauffmann,^ and others have shown that methoxylated triphenyl carbinols 
exhibit increased halochrpmism and increased basicity, and are more 
easily reduced to the corresponding methoxylated triphenyl methane. 

Hell® attempted to prepare carbinols of type III by the action of the 
Barbier-Grignard reagent itpon anisic aldehyde and upon /?-methoxy- 
III. CH80.C»H4.CR(0H)CH2 Ri (R = H or CeHa). 
benzophenone, but found that th| expected carbinols were so unstable, 
that when the magnesium compounds were hydrolyzed with dilute acid, 
the corresponding olefins (IV) were obtained, and not the carbinols at all. 
IV. CH3O.C6H4.CR : CH.Ri (R = H or CeH^). 

The instability of these secondary and tertiary carbinols, he attributed 
to the influence of the para methoxyl group. He noted also that anisyl 
phenyl propene and other methoxylated olefins of similar structure, do 
not give dibromo addition products when treated with bromine, but 
yield preferably monobromo substitution products (V), apparently by 
V. CH80.C6H4,C(C6H6) : CBr.CHa. 

^ Ber ., 35, 3013 (1902). 

^ Ibid ., 38, 2702 (1905); 4*» 4423 (1908); 45» 766 (1912); 46, 3779, 3788 (1913). 

» Ibid., 37, 225, 457, 1429, 4188 (1904)- 
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loss of HBr from an antecedent unstable dibromide. This instability of 
the dibromide cannot be referable, however, solely to the methoxyl group, 
since diphenyl propene shows an analogous behavior with bromine. 

Having had occasion to carry out certain other syntheses with methyl 
trimethylgallate, a compound which is easily prepared in any desired 
amount, it was deemed worth while to study the carbinols and olefins 
obtainable therefrom, in the expectation that additional data bearing upon 
the influence of the methoxyl group would be secured, as the group is one 
of peculiar interest because of its frequent occurrence in natural products. 
Our results agree, in the main, with those obtained by previous workers 
in this field and, in addition, we have observed that the presence of the 
methoxyl groups in the phenyl nucleus of compounds of type VI ma¬ 
terially heightens the reactivity of the halogen. 

VI. C 6 H 5 .C(R)(CH 2 R)C 1 . 

3,4,5-Trimethoxytriphenyl carbinol exhibits strong halochromism, and 
is very easily reduced to the trimetlioxytriphenyl methane. It is more 
basic than triphenyl carbinol, but less basic tlian /?-methoxytriphenyl 
carbinol. In other words, the w-methoxyl groups reduce the basicity 
of the />-methoxyl compound. 

Experiments were carried out for the preparation of the following five 
carbinols of type VII by the Barbier-Grignard reaction, namely: (i) 
VII. (CH,0)8C6H2.C(0H)(CH2R)2 (R = H or a radical), 
trimethoxyphenyl dimethyl, (2) trimethoxyphenyl diethyl, (3) trimethoxy- 
phenyl dipropyl, (4) trimethoxyphenyl diisoamyl, and (5) trimethoxy¬ 
phenyl dibenzyl. When the magnesium compound was hydrolyzed with 
dilute acid, the following results were obtained: (i) gave chiefly olefin, 
although there was evidence of an unstable intermediate carbinol; (2) 
gave both carbinol and olefin, tlie former being very unstable; (3) and (4) 
gave olefin only and no carbinol; while (5) yielded a stable carbinol. The 
carbinol chlorides of (2) and (5) were quite unstable, readily losing HCl 
to give the olefiin. By the action of dry hydrogen cliloride upon an ether 
solution of either of these carbinols at the product was not the chloride, 
but the olefin. Klages^ describes the chloride of phenyl diethyl carbinol 
as a colorless oil, which loses hydrochloric acid when heated alone or with 
pyridine, giving the corresponding olefin. Evidently the introduction 
of the methoxyl groups materially increases the instability of both the 
carbinol and the chloride. Edages* failed to obtain any reaction between 
phenyl dibenzyl carbinol and hydrogen chloride under conditions similar 
to those under which we obtained the chloride from the trimethoxyphenyl 
dibenzyl carbinol, so that the only conclusion to be drawn from the two 
1 Ber „ 36, 3692 (1903). 

* Ibid ,, 37,1456 (1904). 
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cases is that the methoxyl groups appear to increase the mobility of the 
carbinol hydroxyl. 

In harmony with the observations of Hell, alluded to above, it was 
found that every one of the five olefins obtained by these reactions formed 
an unstable dibromo addition product, whicli lost hydrobromic add with 
production of a monobromo substitution product. 

In an attempt to prepare the ^-trimethoxyphenyl / 3 -lactic add by 
reduction of trimethylgalloyl acetic ester witli activated aluminum, we 
obtained instead the corresponding trimethoxy cinnamic acid, showing 
that the intermediate secondary carbinol must have been unstable under 
the conditions of the experiment, losing a molecule of water to form the 
unsaturated acid, in the same way that the above tertiary carbinols lose 
water to form the olefins; and here, too, the methoxyl groups appear 
largely responsible for the instability of the carbinol. 

Nencki,^ Mannich and Hahn,* and others, have obtained ketones of 
type VIII by the application of the Friedel-Crafts reaction to trimethyl 
pyrogallol; but of the isomeric type IX, the only one we found in the 
literature at the time this work was undertaken was the 3,4,5-trimethoxy 
acetophenone prepared by Mauthner® from trimethylgallic aldehyde by 
OCH, OCH, 




the action of diazQ methane, and from trimethylgalloyl acetic ester by 
hydrolysis with dilute sulfuric add. We have succeeded in obtaining 
Mauthner’s compound, and a number of others of this type (IX), by 
taking the olefins secured in our Grignard reactions and treating them 
with ozone, according to the Harries*method: 

(CH80)8C6H2.CRj : CHR + O3 + HaO* 

(CHaO)gC«H2.CRiO + OCH.R + HgOa 
The action of the ozone on the olefins with the longer chains was quite 
slow, in some cases 20 hours' treatment being insufficient to complete 
the reaction. ^ 

From the trimethoxy acetophenone, the corresponding chalkone (X) 
was prepared by condensation with benzaldehyde; and from the tri¬ 
methylgalloyl acetic ester and resordnol, the trimethoxyphenyl umbellif- 
crone (XI). 

^ Ber ., 27, 2738 (1894)- 
44, 1542 (1911). 

* J , prakt . Ckem.t (2] 82, 275 (19x0). 
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2 . Experimental. 

Trimethylgallic acid, (3,4,5) (CH30)8C6H2.C0()H, w^as pre^ 
methylation of gallic acid with dimethyl sulfate and sodium 
in aqueous solution, essentially as described by Graebe and Martz, 
by Perkin and Weizmann,® purifying the crude acid by recrystallization 
from very dilute acetic acid, in presence of boneblack. As thus prepared, 
it formed colorless needles, melting at 168®,^ in agreement with the results 
recorded by other investigators. Yield of pure acid, 65%. 

^ Gazz , chitn, ital ,, 18, 2I5 (1888). 

* Ber,, 30, 2330 (1897). 

* Hei:tzig and Pollack, Monaish., 23, 700 (1902); Graebe and Martz, Ber,, 36, 215 
(1903). 

< Ber., hoc, cit,; Ann., 340, 221 (1905). 

Ann., 340|219 (1905)- 

* /. Chem, Soc., 8», 1655 (1906). 

^ The melting points recorded in this paper were all taken with AnschtiU standard 
«hort-scale thermometers unless otherwise stated. 
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—^Two grams of ethyl trimethylgalloyl acetate and 0.77 gram resorcinol 
were dissolved in 15 cc. 73% sulfuric acid at The solution rapidly 
turned a deep orange, and on standing over night deposited a mass of 
yellowish crystals. Ice was added in considerable quantity, the mixture 
left at o® for an hour, the crystals were filtered out, washed with water, and 
recrystallized from alcohol. The umbelliferone was thus obtained sis a 


1 J. Chem. Soc., 95, 254 (1909)- 

* Loc, ciL 

• Perkin and Weizmann, loc. cit. 

♦Compare Von Pechmann and Duisbcrg, Ber., x6, 21:26 (1885); Von Pechmann 
and Hanke, Ibid., 34, 356 (1901); Von Kostanedci and Weber, Ibid., 2907 (1893). 
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colorless micro-crystalline solid, sintering at about 245®, and melting 
with decomposition at about 253®. 

o .2144 g. substance: o 5162 g. CO2, o .0959 g. HzO. Calcd. for CisHwOe: C, 65 83%; 
H, 4 94 %* Found* C, 65 53%; H, 5 00%, 

j, 4 , j-Trimethoxycinnamic Acid {Methyl Sinapinic Acid)^ (CH30)8C8H2.- 
CH : CH.COOH.—^Ten grams trimethylgalloyl acetic ester were dis¬ 
solved in 150 cc. 95% alcohol and 7 grams activated aluminum^ added. 
A lively reaction ensued, with production of hydrogen, which was at first 
largely absorbed. After standing for two days, the mixture was filtered 
and the insoluble aluminum alcoholate washed with alcohol Upon 
concentration of the alcoholic filtrate, a colorless oil of geranium-like 
odor remained which could not be brought to crystallization. It was 
therefore dissolved in dilute alcohol and saponified by warming for four 
hours with dilute sodium hydroxide solution. The alkaline solution was 
acidified with dilute hydrochloric acid, evaporated to dryness at 100®, 
the residue extracted witli absolute alcohol, the alcoholic extract con¬ 
centrated to crystals, and the crystals recrystallized from benzene. Color¬ 
less needles were obtained, melting at 126.8®. Yield, 5 grams. 

o 2176 g. substance: o. 4796 g. CO2. o 1160 g. H2O. Calcd. for CizHwOs: C, 60.30%; 
H, 5 88 %. Found: C, 60.11%,; H, 5 93 % 

Gadamer^ obtained this acid by direct methylation of sinapinic acid, 
and called it, therefore, methylsinapinic acid. It was later prepared by 
Mautliner* from the trimethoxybenzaldehyde by the Perkin reaction. 
Although our product melts about 3® higher, it was found to be identical 
with the product of Gadamer and Mauthner. A solution of tiie acid in 
chloroform rapidly decolorized a similar solution of bromine. 

Syringic Acid, (3,5)(CH30)2C6H2(OH)(4)COOH(i),—Thirty grams tri- 
methylgallic acid were added slowly, with constant stirring, to 150 grams 
20% fuming sulfuric acid, the temperature being kept below 40®. The 
gallic acid dissolved with production of a deep red solution and with 
evolution of heat, and at the same time the characteristic aromatic odor 
of syringic acid became apparent. The solution w’^as kept at 40® for 30 
minutes, and on cooling it set to a crystalline mass. An equaUvolume 
of water was added, the mixture let stand for eight hours, and the crystals 
were then filtered out, washed with cold water and dried. Yield, 25 
grams. Recrystallized from water, it was obtained in colorless needles, 
melting at 204®. Gfaebe and Martz^ give the melting point as 204® 
(corr.). 

0.2010 g, substance: 0.4024 g. CO*, 0.0949 g. HjO. Calcd. for C»HioO»: C, 
34 - 54 %; 5 05%. Found: C, 54 59%; H, 5*22%. 

1 Compare Wislicenus, J. prakt. Chem,, [2] 54, 54 (1896). 

* Arch. Pharm,, 235, 109 (1897); 30, 2331 (1897). 

^lbid„ 41, 2531 (1908). 

* Ann., 340, 220 (1905). 
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Ten grains of the acid were suspended in 70 cc* methyl akohol and dry 
hydrogen chloride passed in until all was dissolved and the solution thor<- 
oughly saturated with the hydrogen chloride. It was then allowed to 
to stand for 30 minutes, evaporated to dryness, and the residue freed from 
hydrogen chloride by repeated evaporation with methyl alcohol. The 
re^dual brownish crystalline mass, recrystallized from water, gave beauti¬ 
ful colorless needles of the hydrated ester, melting at 83-4®. Dehydrated 
at no®, the anhydrous ester melted at 106-7®. Yield of anhydrous 
ester, 8 grams. These melting points agree with the observations of 
Graebe and Martz.^ 

Two grams of S3nringic acid and two and a half of sodium chromate 
were dissolved in 100 cc. of water by warming, and dilute sulfuric acid 
was added slowly to slight excess. An immediate evolution of carbon 
dioxide resulted. When cold, the solution was extracted with chloroform, 
the chloroform evaporated, and the residue recrystallized from acetic 
acid. The characteristic yellow needles of 3,5-dimethoxyquinone were 
obtained, melting sharply at 255°, this melting point being unaltered 
when the substance was mixed with an equal amount of 3,5-dimethoxy¬ 
quinone prepared in a different synthesis. 

3 , 4 ,S-Trimethoxytriphenyl Carbinol, (CH80)8C6H2.C(C6H6)2.0H. - 5.2 
grams magnesium turnings were placed in a flask connected by means of 
a brominating tube with a return condenser. Dry ether was added to 
cover these turnings, then 40 grams of brombenzene, and finally a smalt 
crystal of iodine. In a few minutes, a vigorous reaction began, which 
was moderated from time to time by external cooling, and was completed 
by warming for an hour at 100®. After cooling, a suspension of 18 grams 
of finely powdered methyl trimethylgallate in 100 cc. of dry ether was run 
in slowly. The mixture was let stand for several hours to complete the 
reaction, after which the magnesium compotmd was decomposed by the 
addition of ice and dilute sulfuric acid, the carbinol separating at once 
as a white, granular solid. Washed with ether and recrystallized from 
alcohol, it was obtained in colorless elongated hexagonal crystals, melting 
sharply at 189®; insoluble in water, nearly insoluble in ether, slightly 
soluble in ligroin, rather easily soluble in methyl or ethyl alcohol, acetic 
acid, chloroform or benzene. Yield of carbinol, 25 to 27 grams. 

0.1971 g. substance: o 5452 g. COa, o 1113 g. HaO. Calcd. for CiaHtaOi; C, 
75 42%; H, 6.28%, Found: C, 75-39%; H, 6.29%. 

This carbinol exhibits marked halochromism, dissolving in concentrated 
sulfuric add with production of a deep red solution. Examined by the 
method of von Baeyer and Villiger,* its basicity lies considerably below 
that of />-methoxytriphenyl carbinol. While triphenyl carbinol itself 

^ Loc. cU, 

® Bet ., 35, 3021 (1902). 
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requires 4,3 cc. of alcohol, per millimole, to discharge the color of.the 
sulfuric-acetic solution, and ^-methoxytriphenyl carbinol requires 26.9 
cc,, the 3,4,5-trimethoxytriphenyl carbinol requires only 15.4 cc. Prom 
these figures, the relative basicity of the three carbinols would appear to 
be jf>-methoxytriphenyl : trimethoxytriphenyl : triphenyl = (>.3 : 3,6 . i. 
The presence of the w-methoxyl groups therefore seems to reduce the 
basicity of the p-methoxyl group in such carbinols. 

3 ,4,5-Trimethoxytriphefiyl Methyl Chloride, (CH30)aCbH2.C(C6H6>2Cl.~ 
Five grams of the carbinol were suspended in 50 cc. dry ether, the whole 
coo ed to o’^, and dry hydrogen chloride passed in until all w’^as in solution, 
and the solution thoroughly saturated with the gas. The deep red solu¬ 
tion which resulted was dried over calcium chloride, filtered off, the filtrate 
concentrated and cooled to 0°. The chloride separated in elongated 
prisms, which were w^ashed with dry ether and dried. Yield, 3 grams. 
Recrystallized from dry’' ether, colorless crystals were obtained, melting 
quite sharply at 110°. 

o 5000 substance: o ig28 g* AgC'l Calcd for CkIImOjCI CI o 
Found: Cl, 9 54‘/(- 

It is readily soluble in ligroiu, ether or benzene; in alcohol it dissolves 
with hydrolysis. On standing in the air, it rapidly assumes a reddish 
color, as it is very sensitive to moisture, A small amount was shaken 
for a minute with water, filtered quickly, the filtrate acidified with nitric 
acid and silver nitrate added. A heaw precipitate of silver chloride 
resulted. 

3,4,3•‘Trimethoxytriphenyl Methane, (CH30)8C6H2.CH('C6H6)2. ”■ Two 

grams of the carbinol were suspended in 15 cc. of absolute alcohol and 
dry hydrogen chloride pa,ssed in to saturation. The resulting deep red 
solution was heated for a short time under a reflux condenser, the alcohol 
distilled off, and the yellow residue purified b}" crystallization from alcohol. 
Pine, colorless needles were obtained, melting at 133°. Yield, 1.6 grams. 

o 2334 g. substance 0.6768 g. C()2. 0.1411 g. HjO Calcd forCj^HKOi C V} <W'l\ 
H, 6 58%. Found, C, 78 88%; H, 6 

It is insoluble in water, but readily soluble in alcohol, ether, chloroform 
or benzene. 

This easy reduction of the carbinol was scarcely to be expected in the 
face of the results recorded by Kauffmann.^ The latter found that when 
triphenylcarbinol was boiled for an hour with alcoholic hydrochloric acid, 
it was only partially reduced, and concluded from other results that a 
methoxyl group in the para position facilitated but little such a reduction, 
while in the meta position it had possibly a slight hindering effect. 

In the above reduction, we observed no resinification.® 

^ Ber,, 38, 2702 (1905) ; 4i» 44^3 (x9o8h 
2 Compare Kauffmann and Pannwitz, Ber„ 45, 766 (1912). 
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3,4fS-TnmethoxytHpheHyl Pyrryl Methane^ (CH 80 ) 8 CeH*,C(C 6 H§)*.C 4 - 
—^Xwo grams of the carbiaol and 0.7 gram of pyrrole were dissolved 
in 10 cc. of glacial acetic acid by warming, and the dirty green solution 
heated for 15 minutes under a reflux. On cooling, no crystals separated, 
90 ihe acetic acid and excess of pyrrole were removed by distillation under 
diminished presstue, and the sticky green residue was extracted with boil¬ 
ing ligroin, considerable resinous material remaining undissolved. The 
ligroin extracts, on evaporation, deposited first some resin, and finally 
rosettes of white prisms of the pyrryl compound. These latter were sep¬ 
arated mechanically and recrystallized from acetic add, giving colorless 
hexagonal crystals, melting at 155° (imcorr.). Yield, 0.7 gram. 

0.4263 g. substance: 12.45 cc. N2 (21® and 763 mm, over H2O). Calcd. for 
C^nHiiOsN: N, 3.26%. Found* N, 3.35%. 

The compound is readily soluble in alcohol, acetic acid, chloroform or 
benzene; less soluble in methyl alcohol or ligroin; and insoluble in water. 

Attempts to avoid resinification by shorter boiling with acetic add 
were unsuccessful, as complete condensation could not be accomplished 
in less than 15 minutes’ heating, whereas much longer boiling caused entire 
resinification.^ 

3 , 4 tS-Trintethoxy-a-fneihyl Styrene^ (CH80)8CeH2.C(CH8) : CH2.—^38 
grams of methyl iodide, dissolved in dry ether, were allowed to act upon 
6.3 grams magnesium turnings. The reaction was vigorous, with nearly 
complete solution of the magnesium. When this reaction was over, a 
suspension of 20 grams of methyl trimethylgallate in 100 cc. of dry ether 
was added slowly. The mixture was allowed to stand for several hours, 
and the magnesium compound was then decomposed by ice and dilute 
sulfuric add. The ethereal layer was separated, washed with water, 
dried over caldum chloride, filtered, and the filtrate evaporated. There 
remained a yellowish oil, which was probably the impure carbinol, since 
it was only partially volatile with steam, while the styrene itself is quite 
easily volatile. 

All attempts to bring this oil to crystallization having failed, it was 
distilled under diminished pressure. At 193^, and a pressure of 40 mm., 
a colorless oil passed over and soon solidified to a colorless crystalline 
mass. Yield, 12 grams. 

Some of this product was subjected to a steam distillation. It passed 
over completely, solidifying in the receiver to colorless needles, melting 
sharfdy at 37^. These were separated, dried and analyzed, with the 
following results: 

0.2S67 g, substance: 0.7249 g. CDs, 0.2000 g. H|0. Calcd. for C»HifOt: C, 
69.24%; H, 7*69%. Found: C, 69.09%; H, 7 74%* 

The substance is readily soluble in alcohol, ether, acetone, acetic add, 

* Compare Patzevitch, Inaug, Dissert., Grenoble, 191 x. 
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chloroform, Hgroiti or carbon disulfide. In chloroform solution, it de¬ 
colorizes the calculated amount of bromine, but on attempting to remove 
the solvent, hydrobromic add is removed also, leaving a brown oily 
residue. 

This st)rrene is isomeric with the naturally occurring elemicin, and witli 
the isoelemicin obtained by Semmler^ by distilling elemicin over sodium. 

3,4,5-Trtmeiltoxy Acetophenone, (CH80)8C6H2.C0.CH3.““ 'Six grams of 
the above styrene were dissolved in 25 cc. of 70% acetic acid, the solution 
placed in a Peligot tube, warmed to 50^®, and ozone passed through it for 
four hours. The solution gradually assumed a deep reddish brown color, 
and the presence of formaldehj^de in the escaping gases was indicated by 
the odor and by the Schiff reagent. The solution was then transferred 
to a distilling flask and subjected to distillation under diminished pressure. 
After the removal of the acetic acid, a light yellow oil distilled over at 
220-4® and 40 mm. pressure. Some tar remained in the flask at the close 
of the distillation. The yellow oil soon solidified to a light yellow crystal¬ 
line mass. Recrystallized from ligroin, it was obtained in colorless glisten¬ 
ing needles, melting at 78®. Yield, 2.2 grams. 

o 1976 g. substance* o 4544 g. CO2, o 1171 g IT/) Calcd foi CnHnOi C, 
62 87H, 6.66^'J Found, C, 62 70S , H, 6 59'/( 

This ketone was fiTvSt obtained by Mauthner,^ by tlie action of diazo 
methane upon trimethylgallic aldehyde, and also by the hydrolysis of 
trimethylgalloyl acetic ester. He describes it as melting at 72®, or 6® 
lower than oiu product. The identity of the two, however, was established 
by the preparation of the />-nitrophenyl hydrazone, which Mauthner 
describes as particularly characteristic. As prepared from our product, 
this derivative was found to agree in all respects with Mauthner’s. 

p-Nitrophenyl Hydrazone, —0,2 gram of the ketone was dissolved in 
4 cc. of 50% acetic acid and a solution of 0.2 gram of />-nitrophenyl hy¬ 
drazine in 4 cc. of 50% acetic acid was added. On warming, the hydrazone 
separated in brown needles, which were filtered off when the solution was 
cold, washed with dilute acetic acid, and recrystallized from alcohol, 
giving brown needles, melting at 195-6® (uncorr.). 

3f4^5-Trimethoxy Chalkone, (CH80)aC6H2.C0.CH : CH.CaHs.-Half a 
gram of the above acetophenone and 0.25 gram of benzaldehyde were 
dissolved in 10 cc. of alcohol, and 2.5 cc. of 45% potasvsium hydroxide 
solution added. On standing for some time, yellow needles began to 
separate from the solution. The mixture was left over night, and the 
separated chalkone then filtered out, w^ashed, and recrystallized from 
alcohol. Pale yellow needles were obtained, melting at 78 8.5® Yield, 
0.4 gram. 

‘ Ber., 41, 1769, 1918 (1908). 

2 J prakt Chem., [2] 82, 275 (1910). 
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0,1*97 g* substance: 0.3447 g. C 0 *» 0.0704 g. H* 0 . Calcd. for CiiHa04: G, 
T*-49%; H, 6.03%. Found: C, 73,46%; H, 6.04%. 

Bargeilini and Avriitin^ have prepared recently the isomeric 2,4,5-tri- 
sxiethoxy dialkone. 

34 , 5 -Trimethoxyphenyl Diethyl Carbinol, (CH80)aC6H2,C(CtH8)a.0H.— 
The necessary Barbier-Grignard reagent was prepared from 6.3 grams 
<rf magnesium turnings and 29 grams of ethyl bromide in dry ether. It 
was acted on by 20 grams of methyl trimethylgallate suspended in 100 cc. 
of dry ether. After the first vigofous reaction was over, the mixture was 
allowed to stand for four hours. The magnesium compound was then 
decomposed, as usual, with ice and dilutj sulfuric acid, the ether layer 
separated, washed with water, dried over calcium chloride, and evaporated 
to dryness. A light yellow oil remained which partly solidified to a crystal¬ 
line mass. These crystals were separated, washed with ligroin, and re¬ 
crystallized from ligroin. As thus obtained, they formed beautiful, blunt, 
colorless needles, melting at 74^, and decomposing with loss of water at 
147®. Yield, 6 grams. 

0.1995 g- substance; 0.4831 g. COj, 0.1543 g. HjO. Calcd. for C14HMO4; C, 
66.15%; H, 8.68%. Found: C, 66.03%; H, 8.60%. 

The substance is easily soluble in methyl or ethyl alcohol, ether, acetone, 
chloroform, benzene or toluene; moderately soluble in ligroin; insoluble 
in water. It is quite unstable and passes into the olefin so readily that 
its isolation and purification were matters of considerable difficulty. 
In decomposing the above magnesium compound there was always ob¬ 
tained a mixture of the carbinol and olefin. 

3 -(j, 4 ,S-Trifnethoxypkenyl)-pent€ne( 2 ), (CHgO)8CeH2.C(C2Hfi) : CH.CH3, 
was separated in quantity from the mother liquors from the crystal¬ 
lization of the preceding carbinol. These ligroin mother liquors were 
combined, the ligroin distilled off, and the residual yellow oil distilled 
under diminished pressme. At 210-20® and 40 mm. pressure, a pale 
ydlow oil passed over. On rectification, the oil was obtained practically 
colorless, and of the same boiling point as before. Yield, 12 grams. 

This olefin resulted also from the following experiment: three grams of 
the carbinol were dissolved in 30 cc, of ether, the solution cooled to o® 
and saturated with dry hydrogen chloride. The ether was then removed 
at low temperature, the residue taken up with fresh ether, dried over 
calcium diteide, and the ether again evaporated. This residue con¬ 
tained no chlorine, and proved to be identical with the pefttene described 
above. 

The following analyses and experiments were conducted with the prod¬ 
uct of the first method of preparation. 

> Gaet, ch 4 m, Hal,, 40, II, 346 (1910). 
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0.2739 K. substance: 0.7121 g. CO®, o 2057 g. HaO. Calcd. for CuHaoOa: C, 
‘71.19%; H, 8 47% Found: C, 70 82%; H, 8.35%. 

The substance is easily soluble in alcohol, ether, ligroin, chloroform or 
benzene; insoluble in water; «d = 1*53600; d 0 = 1.0462. 

From the equation 


— I 

n* + 2 


M 

dt 


= MR, 


the observed molecular refraction is 70.37; while that calculated from the 
Briihl-Conrady tables is 67.9. The compound thus shows an exaltation 
in molecular refraction of 2.47, corresponding rather closely to the ex¬ 
altation of 2.3 shown by isapiol,^ a body of somewhat similar structure: 


(CH, 0 ) 3 C 6 Ha.C.CH CH, 

I 

Call* 


(CHjOja C«H.CH : CH CH, 

/ \ (Isapiol) 

O CHa.O 


It should be noted that this exaltation is considerably greater than was 
to have been expected from the observation of Eisenlohr,* who states 
that the exaltation from a molecule of the general structure 



lies in the neighborhood of 0.45. 

The behavior of this olefin with bromine is much like that of the styrene 
already described. Two grams of the pentene and the calculated amount 
of bromine were brought together in chloroform solution. The bromine 
was absorbed and the solution remained momentarily colorless; but on 
standing hydrobromic acid was given off quite rapidly, the color of the 
solution passing through reddish violet to a final dirty green. On evapo¬ 
rating the chloroform, there remained a dark green oily residue which was 
not further examined. 

SAiS-Trimethoxy Propiophenonc, (CH30)8C6H2.C().C2H6.—Eight grams 
of the above pentene were dissolved in 25 cc. of 70% acetic acid and 
ozone passed through the warm solution for four hours. A deep reddish 
brown solution resulted, and the presence of acetic aldehyde was indicated 
in the escaping gases. This solution was then distilled under reduced 
pressure. After the removal of the acetic acid, a heavy yellow oil passed 
over at 210® and 40 mm. This oil solidified to a brownish crystalline mass 
on standing. It was recrystallized from ligroin and then appeared in 
glistening colorless needles, melting at 53.5®. Yield, 3.4 grams. 

0.2014 g. substance: 0,4740 g. CO®, o 1290 g. H2O. Calcd. for Ci2Hi604: C, 
^4 30%; H, 7 14% Found: C, 64 19%; H, 7.15%. 

The compound is easily soluble in alcohol, ether, chloroform, acetic 
acid or benzene; moderately soluble in ligroin; insoluble in water. 

^ Eykmann, Ber,, 23, 863 (1889). 

* "Spectrochemie organischcr Verbindungen,*' Stuttgart, 1912. 
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p^Nitrophenyl Hydrazone. —0.2 gram of the above ketone and a similar 
amount of /?-nitroplienyl hydrazine were ea^ dissolved in 4 cc. of 50% 
acetic acid, the two solutions mixed and the mixture warmed for 30 min¬ 
utes at 100®. The hydrazone separated in dark reddish brown crystals. 
When the solution had been thoroughly cooled, the separated hydrazone 
was filtered out, washed with acetic acid, and recrystallized from alcohol. 
It was thus obtained in dark reddish brown needles, somewhat resembling 
chromic anhydride, and melting at X83-4®. Yield, 0.22 gram 

0.1627 g. substance: 16.65 cc- Nj (21° and 773 5 mm. over HjO). Calcd. for 
C,.H« 0 ,N,; N, 11.70%. Found: N, 11.57%. 

4 " (3f4>5 “ Tfimelhoxyphenyl) - hepteneij), (CH80)3C6H2.C(CH2.C2H6):- 
CH.C2H5. —The necessary Barbier-Grignard reagent was prepared from 
6.3 grams of magnesium turnings and 40 grams of normal propyl iodide, 
and 20 grams of methyl trimethylgallate were condensed with it in the 
manner already described in the preceding pages. The magnesium com¬ 
pound was decomposed with ice and dilute sulfuric acid, the ether layer 
separated, washed, dried, and evaporated. The light yellow oil which 
remained could not be crystallized, so it was distilled under diminished 
pressure. It distilled almost completely at 215-8® at 40 mm. pressure, 
as a pale yellow oil. 

0.1877 g. substance: o.^ooi g. CO?, o 1530 g. HjO. Calcd. for Ci«H840i: C, 
72.72%; H, 9 09%. Found. C, 72 68%; H, 9 06%. 

= 1-52877; dao == 1.0300. Molecular refraction: observed, 79.12; 
calculated, 77.12. Here, too, considerable exaltation is evident. 

The heptene dissolves in alcohol, ether, ligroin, acetic acid, chloroform 
or benzene; but is insoluble in water. With bromine, it shows a behavior 
similar to that of the pentene already described. 

No carbinol at all was encountered among the products of the above 
reaction. 

3,4,S-Trimethoxy Butyrophenone, (CH30)3C6H2.C0.CH2.C2H6.—Seven 
grams of the above heptene were dissolved in 35 cc. of dilute acetic acid, 
the solution warmed, and ozone passed through it for 15 hours, by which 
time it no longer decolorized a bromine solution. The solution was then 
subjected to distillation under reduced pressure. After the acetic acid 
was removed, a heavy, yellow oil distilled over at 218-20® and 40 mm. 
pressure. This oil slowly solidified to a crystalline, somewhat oily mass. 
Yield, 4.5 grams. 

Great difficulty was experienced in purifying this ketone, as it is easily 
soluble in methyl or ethyl alcohol, ether, chloroform, carbon tetrachloride, 
ligroin, carbon disulfide, acetone, ethyl acetate, ethyl bromide, p3Tidine, 
benzene or toluene. Prom dilute methyl alcohol, or dilute acetic acid, 
it tends to separate as an oil. It was finally obtained in long, colorless 
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needles from dilute methyl alcohol, melting at 51-52.5®, which were still 
somewhat impure. 

p-Nitrophenyl Hydrazone ,—Equal weights (0.5 gram of each) of the 
ketone and of ^-nitrophenyl hydrazine were each dissolved in lo cc. of 
50% acetic acid, tlie solutions mixed, and the mixture warmed at 100® 
for 30 minutes. A heavy, red oil separated and gradually solidified to a 
crystalline mass. The separated hydrazoiie was removed, washed with 
dilute acetic acid, and recrystallized from alcohol. Dark brownish red 
needles were obtained, melting sharply at 160®. Yield, 0.6 gram. 

0.1263 g. substance: 13 1 cc. N2 (21 5® and 756 mm over H^O). Calcd. for 
Ci»H2»OtN : N, II Found: N, ii 40 %. 

5-i3f4f5-Trimethoxyphenyl)-2y8-dimethylnon€ne(4), (CH3)2CH.CH2.CH:- 
•C[C6H2(0CH3)8]CH2.CH2.CII(CH3)2.—The reaction was carried out in 
the usual way, employing 6 grams of magnesium turnings, 47 grams of 
isoamyl iodide, and 18 grams of methyl trimethylgallate. After decompos¬ 
ing the magnesium compound witli ice and dilute sulfuric acid, the ether 
layer was separated, washed, dried, and evaporated. A yellow oil re¬ 
mained which deposited a few crystals on standing. The addition of 
ligroin caused a considerable increase in the quantity of these crystals. 
They were filtered out, washed with ligroin and dried. Yield, 3.5 grams. 
Recrystallized from benzene, the substance was obtained in colorless 
rhombohedral crystals, melting at 109-10®, and showing no sign of de¬ 
composition at 265®. It distils unchanged at 218° and 40 mm. pressure. 

I. o.2cx>3 g. substance: 0.4148 g. CO ,0 1117 g. H2O. 

II. 0.1983 g. substance: o 4103 g. CO2, 0.1031 g. H2O. 

Ill o. 1914 g. .substance: 0.3981 g. CO2, o kxx) g. H2O. 


Found. Carbon, %. Hydrogen, % Oxygen. %. 

1. 56.48 6 19 - 

II. 56. q8 5 77 

III. 56 74 5 -79 - 


Average. 56 72 5 92 37 -36 


Analysis I was run oti undistilled material, II and III on tlie distilled. 
These results correspond quite closely to the formulas CwHuOe and 
CigHieOe*. 

Carbon. Hydrogen. Oxygen. M. W 


CulfuOc. 56.7 5.5 37 8 254 

CuHmO,. 56,3 6.2 37.5 256 


Cryoscopic molecular-weight determinations in benzene solution gave 
the following results: 

I. 0.5026 gram undistilled material, in 17.5735 grams benzene, gave 
a freezing-point depression of 0.629°. Super-cooling = 0.43°. M. W. = 
228.5. 
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II. 0.5005 gram distilled material, in 17*5735 grams benssene, gave a. 
freezing-point depression of 0.537®. Super-cooling « 0.21®. M. W. * 
260.6. 

Average of the above determinations, 244.6. 

The substance is easily soluble in alcohol, ether, chloroform, or benzene, 
difficultly soluble in ligroin or water. Its aqueous solution is neutral 
to indicators, and with dilute neutral potassium p^manganate solution 
in the cold is entirely consumed. It does not decolorize a chloroform 
solution of bromine. Warmed with phosphorus pentachloride, a reaction 
occurs. Attempts to form an oxime or a phenylhydrazone failed. The 
identity of the compound is still imdisclosed. 

The nonene itself was found in the ligroin mother liquors from the 
above crystals. It is the chief product of the reaction, no carbinol having 
been encountered. These ligroin mother liquors were evaporated to dry¬ 
ness and the residual yellow oil distilled under diminished pressure. At 
235-7® and 40 mm., a light yellow oil passed over. Yield, 12 grams. 

o 2224 g. substance: o 5030 g. CO2, o 1949 g HaO Calcd. for C, 

72 72%; H, 9 Found. C, 72 71, H. 9 71%. 

Observed molecular refraction, 96.03; molecular refraction as calculated 
from the Briihl-Conrady tables, 95.53. Tins exaltation of 0.50 agrees 
quite closely with the figure of 0.45 found by'Eisenlohr' for compounds 
of this type. 

The action of bromine upon a chloroform solution of the nonene was 
similar to that recorded for the preceding olefins. An attempt to split 
the nonene with ozone, in the hope of getting the corresponding valero- 
phenone, was discontinued because the oxidation proceeded so slowly 
that even after passing ozone through the solution for 20 hours, it still 
decolorized bromine. 

3 ,4,S-Trifnethoxyphenyl Dibenzyl Carbinol, (CH30)3C6H2.C(CH2.C6H5)2.- 
OH.—^The reaction was carried out as described for the other carbinols, 
using 6.5 grams magnesium turnings, 35 grams benzyl chloride and 20 
grams methyl trimethylgallate, in presence of dry ether. After decompos¬ 
ing the magnesium compound with ice and dilute sulfuric acid, tlie ether 
layer was separated, washed with water, dried witli calcium chloride^ 
and concentrated. On cooling, the carbinol separated practi^lly pure. 
Recrystallized from methyl alcohol, it formed elongated prisms, melting 
at 116-7®. Yield, 22 grams. 

o 2011 g. substance, o 5611 g. CO2. 0.1245 g. H2O. Calcd. for C, 

76 2%; H, 6 88%. Found: C, 76 11%; H, 6 88%. 

It is readily soluble in methyl or ethyl alcohol, chloroform or benzene, 
sparingly soluble in ligroin or ether, and insoluble in water. Unlike most 

^ Loc, cti 
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of the carbinols described in the foregoing pages, this one is quite stable, 
showing no tendency to decompose even when heated above 350®. 

jf4fj-Trimethoxy-a-benzyl Stilbene, fCH3^^))3C6H2.C(CH2.C6H5) : CH.- 
C^Hs.—Ten grams of the carbinol were suspended in 50 cc. of dry ether, 
the whole cooled to o® and saturated with dry hydrogen chloride. The 
carbinol dissolved. After allowing the resulting colorless solution to stand 
for a few minutes, the ether and hydrogen chloride were evaporated at 
low temperature, the residue dissolved in fresh ether, this ether solution 
dried with calcium chloride, and the ether driven off again. A viscous 
light yellow oil remained which, after standing for several weeks, finally 
crystallized. Recrystallized from ligroin, it formed colorless rhombo- 
hedral crystals, which melted sharply at 93°. Yield, 8 grams. 

This product, instead of pn>ving to be the expected chloride, turned 
out to be the stilbene. It contained no chlorine. 

o 2fx)3 g substance: o 5841 g Ctb. o K H2O. Calod for C24n240 C', 

80 : II. 6 67 Found C. 70 07* <, II. , 

It is readily soluble in alcohol, ether, chloroform, carbon disulfide or 
benzene, moderately soluble in ligroin or pyridine, insoluble in water. 
It distils with slight decomposition at 320*^ under a pressure of 20 mm. 

When this stilbene and the calculated amount of bromine were brought 
together in chloroform solution, the color of the bromine immediately 
disappeared, but on attempting to evaporate the chloroform there was a 
copious evolution of hydrogen bromide and only a cherr>^-red tar remained. 

In view of the considerable stability of the carbinol, and the evident 
instability of the dibromide, the production of the stilbene in the above 
reaction is probably to be ascribed to the intermediate formation of the 
cliloride, with subsequent elimination of hydrogen chloride. 

3Ai5'Trimcihoxy Desoxyhenzoiny {CH^i ))3C6H2.CO.CH2.C6ll6.— Five 
grams of the stilbene were dissolved in 35 cc. of 70% acetic acid,^ the 
solution transferred to a Peligot tube immersed in a bath at 70°, and 
ozone passed through it for three hours. The solution gradually turned 
a reddish brown color and a strong odor of benzaldehyde was noticed. 
The acetic acid was finally distilled off under diminished pressure and the 
brown residue crystallized from methyl alcohol. Beautiful, colorless 
needles were obtained, melting sharply at 99°. Yield, 2 grams. 

o 1994 g: substance: o 5223 g CO 2 . o 1129 g H 2 O. Calculated for Ci7His()4 C, 
71 32%; H, 6.29%. Found: C, 71 42*^; H, 6 29*^? 

It is readily soluble in methyl or ethyl alcohol, ligroin, ether, chloroform 
or acetic acid, but is insoluble in water. 

p-Nitrophenyl Hydrazone, —This was prepared by sei^arateh' dissolving 
equal amounts (0.2 gram of each) of the ketone and of p-nitrophen}d 
hydrazine, each in 4 cc. of 50% acetic acid, mixing these solutions and 
* Compare Otto, Ann. chim. phys., [8] 13, 77 (1908), I>. R P No. 97.620 
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warming the mixture. The hydrazone separated in orange needles. 
When the mixture had cooled thoroughly, the crystals were filtered out, 
washed with dilute acetic acid, and recrystallized from alcohol. Fine 
orange needles resulted, which sintered at 185® and gave a clear melt at 
194.® Yield, 0.19 gram. 

o 1147 g. substance, 10 15 cc N2 (21° and 773 5 mm. over H2O). Calcd for 
C28H2»06Nr N, 9 97%. Found: N, 10 00% 

3. Summary. 

1. The study of methoxylated carbinols has been extended by an in¬ 
vestigation of a series of carbinols obtained by the action of various mag¬ 
nesium reagents upon trimethylgallic ester. 

2. The 3,4,5-trimethoxytriphenyl carbinol has been found to be more 
strongly basic than triphenyl carbinol, but less so than p-methoxytriphenyl 
carbinol. 

3. The trimethoxyphenyl dialkyl carbinols are generally unstable, 
losing water readily to form the olefin; whereas the trimethoxyphenyl 
dibenzyl carbinol is quite stable. 

4. The action of isoamyl magnesium iodide upon trimethylgallic ester 
appears to follow a somewhat abnormal course, giving an unidentified 
by-product, in addition to the olefin. 

5. Trimethoxyphenyl-diethyl and -dibenzyl meth}d chlorides are very 
unstable. 

6. A series of olefins of the type (CH80)3C6H2.CR : CHR have been 
prepared, and it has been shown that these substances do not form stable 
dibromides. Certain of these hydrocarbons show marked exaltation in 
molecular refraction. 

7. A series of new 3,4,5-trimethoxyphenyl ketones has been obtained 
and examined. 

8. New syntheses are recorded of 3,4,5-trimethoxy cinnamic acid, of 
syringic acid and of 3,4,5-trimethoxy acetophenone. 

OXG\NXC IrABOKATORY, COLUMBIA UnIVBRSXTY 

Nuw York. 

SOME ORGANIC PREPARATIONS. 

By h. P. Kybiaxzdbb. 

Received January 2, 1914. 

During the past three years we have had the occasion to use many 
organic reactions, and as the result of our study, we have been able to 
improve some of them. 

The substances prepared and described are mainly related to the 
synthesis of the unsattirated hydrocarbons with conjugated double 
bonds, which of late years have become so important in the synthetic 
production of rubber-like masses. 
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Aldols. —These’ compounds have been known for quite a long time. 
They are usually prepared by condensing the aldehydes alone, or in mix¬ 
ture with other aldehydes, by means of alkaline bodies, especially car¬ 
bonates. The best method known is that described by Grignard and 
Abelmann,^ which consists in treating an ethereal solution of an alde¬ 
hyde or a mixture of aldehydes with a solution of potassium hydroxide 
and stirring in the cold. 

Aceihutyraldol CH3.CH(OH).CH(CH2.CH3).CHO.— This substance, as 
far as known to us, has not been prepared before. It is easily prepared 
by Grignard and Abelmami’s^ method. t6o g. freshl)- prepared acet¬ 
aldehyde and 250 g. freshly distilled normal butyraldehyde are dissolved 
in 600 cc. ether. The solution is cooled to below 5® and treated slowly, 
while the condensation liquid is being stirred vigorously, with a 10^^ solution 
of potassium hydroxide. In all, about 70 cc. of the alkaline solution are 
used, the addition of which takes about 45 minutes. The liquid is stirred 
during the condensation continuously, and the temperature of the reac¬ 
tion mixture is never allow^ed to go above 10°. A good temperature is 
When it is observed that the liquid has no api)reciable tendency 
to warm up, the reaction is assumed to be at an end. The aldol solution 
is separated from the alkaline layer, shaken several times with a little 
saturated sodium bicarbonate solution and dried over calcium chloride. 
After evaporating off the ether, the residue is distilled in vacuo from an 
oil batli. We have thus obtained 214 g. acetbutyraldol, boiling up to 
110® at 24 mm. A redistilled sample boiled at 102-104® in the neighbor¬ 
hood of 20 mm. AcetbutjTaldol is insoluble in water, but dissohxs 
readily in ether and alcohol, 

Aceialdolf CHa.CHOH.CHa.CHO.—This substance is easily obtained 
by using Grignard and Abelmann’s method, although these authors 
have not described its preparation. In another article, Grignard and 
Reif^ describe the preparation of acetaldol by treating an ethereal solu¬ 
tion of acetaldehyde with an aqueous solution of sodium sulfite in the cold. 
In Grignard and Abelmann's process, which we have applied to the prepa¬ 
ration of acetaldol, the results were excellent—the temperature of conden¬ 
sation being about 7®. Using acetone as diluent instead of ether, we 
have obtained very good yields of exceptionally good aldol. It might 
be supposed that in this latter condensation there might be some hydra- 
cetylacetone also formed, by the interaction between acetaldehyde and the 
acetone. On decomposing tlie aldol into the unsaturated derivative 
however, we could obtain very little, if any, ethylidene acetone, which 
tends to prove that in this condensation there is no appreciable fornia- 
» BulL soc chim ., [4] 7, 638 (1910) 

^Ibid 

^ BulL soc chim ., [4J i, 114. 
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lion of hydracetylacetone. The amount of acetone use'd as diluent was 
less than twice tiie volume of acetaldehyde taken. 

In our further study of the aldol condensations, we have been able to 
dispense with the use of solvents altogether. 

One of the drawbacks in these condensations is the fact that the alde¬ 
hydes and aldols are usually very sensitive towards the alkalies, so that 
there is more or less resinification during the reaction. The older ex¬ 
perimenters avoided this trouble, partially, by using weak alkaline com¬ 
pounds to effect the condensation; while of late the tendency has been to 
use strong alkalies in presence of inert organic solvents, which latter ex¬ 
tracted continually the sensitive compounds from the sphere of action 
of the alkali. 

It is noted by many that, in carrying out these condensations, the end 
of the reaction is judged by the appearance of a light yellow color in the 
aldol liquid. It has been our experience that this color is a sign of the 
formation of higher condensation products afid resins. For a good aldol 
formation it is necessary that the liquid should be perfectly colorless. 

A. F. McLeod,^ in a paper on the condensation of acetaldehyde with 
formaldehyde states: ‘‘With calcium or sodium hydroxide solution of 
0.1% either no condensation, or, only a very slow condensation of acet¬ 
aldehyde occurred.'* 

We have found, however, that it is very easy to condense acetaldehyde 
to acetaldol with amounts of sodium hydroxide equivalent to about o i 
0.3% of the aldehyde used. 

I kilo freshly prepared acetaldehyde, in a long-necked 2-liter flask, is 
cooled to below 5®. The thermometer bulb must be within the liquid 
to be condensed, and the temperature carefully controlled during the re¬ 
action. To the cold acetaldehyde are now carefully added 5 cc. of a 
10% sodium hydroxide solution, and tlie condensation carried on at 
4*~5®. The reaction mixture must be kept in brisk motion during the 
whole of the operation. After a short time, 5 cc. more of the alkali are 
added, and the process repeated, until in all about 20-25 cc, of the io% 
sodium hydroxide solution have been added. This is perfectly soluble 
in the aldehyde-aldol. The addition takes about 20 minutes. The re¬ 
action liquid is then kept shaking at 4-5 ® for an hour more, after which 
it is made slightly acid with tartaric acid. The aldol is filtered from the 
salt, and distilled in vacuo from an oil bath, whose temperature is raised 
slowly. It was thus easy to obtain about 50% of the theoretical yield 
of acetaldol, the boiling point of which, on redistillation, was found to 
be 80® at 20 mm., and 72® at 12 mm. Part of the aldol is decomposed 
back into acetaldehyde during the distillation, as it has often been ob¬ 
served; otherwise the yield in non-distilled aldol varies between 70-80% 

1 r. 1 ,717 (1907). 
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of the theoretical. It may be possible by increasing the time of reaction 
to obtain higher yields of aldol. The side products, such as higher con¬ 
densation products and resins, do not amount to more than i% of the 
aldehyde used, neither is there any crotonaldehyde formed. It might 
be noted here that the addition of some organic solvent, such as ether, 
facilitates the filtration of the aldol from the sodium tartrate. 

For the control of the temperature during the condensation of the 
acetaldehyde it is advisable to have a freezing mixture ready. For most 
reactions it is not necessary to distil the aldols; it is sufficient to separate 
them from the free aldehydes by heating them for a short time tn vacuo. 
As the rate of aldol condensation is a function of the concentration of 
the alkali, it stands to reason that the time of reaction can be varied 
by varying the amount of alkali used. In fact, an experiment willi o. 12% 
of sodium hydroxide- percentage on the basis of aldehy’^de used- -gave 
only 34% of distilled aldol, during a reaction of about one hour. 

The method described above would be applicable to the preparation 
of the higher members of the series as these are, according to Grignard 
and Abclmann, relatively more stable in presence of the alkalies. 

Unsaturated Aldehydes and Ketones. 

These substances are usually obtained as by-products in the corre¬ 
sponding aldol condensations. They are also formed on heating the 
hydroxyaldehydes or hydroxy-ketones. We have been able to vsimplify 
the dehydration of tliese last named substances by generalizing known 
methods. The dehydration is effected by heating the aldol compounds 
with traces of a strong acid such as sulfuric acid or substances generally 
known as dehydrating catalytics, such as aluminum phosphate. 

Crotonaldehyde, CH3.CU : CH.CIIO. —M. Del^pine’s^ method of pre¬ 
paring this substance by treating paraldehyde witli concentrated sulfuric 
acid is not very attractive. The method described by Grignard and 
Reif,'* which consists in heating aldol in a flask provided with a column, 
is extremely slow and consequently tiresome. As a rule, the preparation 
of crotonaldehyde has not been very eas)^ Using, however, a catalyst, 
aldol can be easily dehydrated into crotonaldehyde. 

The crude'aldol from about 2500 g. acetaldehyde was put in a three- 
liter flask provided with an eight-bulb Young's column. The aldol was 
then treated with about 10 g. powdered aluminum phosphate and heated 
to boiling. The decomposition products boiling above 80"^ were collected 
for crotonaldehyde. The lower fractions contain acetaldehyde. The 
temperature of the distilling vapors soon attained the maximum of 100-- 
105°. No appreciable residue was left in the flask, which, if present, 
is due to the resins formed in the aldol condensation. 

^ Compt . Rend ., 147, 1316 (1908). 

2 Bull . soc . thim ., [4I i, 114. 
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The distillate was saturated with calcium chloride, the organic liquid 
dried quickly over calcium chloride and fractioned through a column. 
We have been able to obtain 1225 g. crotonaldehyde, boiling at 98-102® 
C., or about 60% of the theoretical yield on the acetaldehyde originally 
used. It is easy by this method to dehydrate over a kilo of aldol in less 
than three hours. 

Ethylidene Acetone, CHa-CH : CH.CO.CHs. —This substance also is 
said to be formed on long heating of hydracetylacetone. It is also ob¬ 
tained on heating the latter substance with acetic anhydride.^ It is 
easily prepared catalytically: 

400 g. hydracetylacetone—CH8.CH(OH).CH8.CO,CH8—are treated 
with two drops of concentrated sulfuric acid and distilled from a flask 
provided with a column. The distilling vapors attain the maximum 
temperature of about 120® There is some acetone and acetaldehyde 
in the low boiling fractions. The distillate is treated with potassium 
carbonate, the organic layer dried over the same drying agent and frac¬ 
tioned through a column. Ethylidene acetone boils at 122®. In a 
similar way mesityl oxide can be prepared from diacetone alcohol by 
using aluminum phosphate or better still, sulfuric acid—a few drops 
of the acid to a kilo of the ketone alcohol (compare Moritz Kohn),* 

The diacetone alcohol we have prepared by using barium hydroxide 
as the condensing agent. The alkali was put in a Soxhlet apparatus 
and the acetone boiled on a steam bath for several days until the liquid 
stopped boiling. A little tartaric acid was added to the acetone at the 
beginning of the reaction, in order to neutralize any barium hydroxide 
carried down from ,the Soxhlet apparatus, either mechanically or in solu¬ 
tion. A. Hoffman* uses calcium hydroxide for condensing acetone to 
diacetone—alcohol. Barium hydroxide being a stronger alkaline sub¬ 
stance, comparable in its alkalinity to tlie alkali hydroxides, increases 
the rate of condensation. 

Glycols of the Hydrocarbons* 

These substances are usually prepared by the reduction of the corre¬ 
sponding hydroxy-aldehydes and hydroxy-ketones with aluminum amal¬ 
gam. In some cases they have been prepared by the reduction of ketone 
alcohols with sodium amalgam. We have discovered that dihydroxyl 
compounds can be easily obtained by the electrol)rtic reduction of the 
corresponding aldol bodies. Since our discovery, we have seen a patent,^ 

1 Ber., 25, 3166. 

* Chem. Zentr., 19x3, II, 577 

* This Journal, 31, 722. 

* Eng. Pat. 940 of Jan. 13, 1913; see also C. A., 7, 3242 and Soc, Chcm. Ind,, 19x3, 
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assigned to the Farbenfabriken of Elberfeld, which deals with a method 
identical with ours. The reduction is effected as follows: 

Butandiol-Ifj, CH8.CH(0H).CH2.CH20n.—Twenty-five grams of acet- 
aldol, distilled in vacuo^ were dissolved in loo cc. of water, and then treated 
with a cold solution of lo cc. concentrated sulfuric acid in 20 cc. of water. 
The solution thus made served as the cathode liquid and was poured 
within tlie porous cup of an electrolytic cell. The anode liquid consisted 
of a 10% aqueous sulfuric acid. The electrodes were made of lead. 
The cathode consisted of a spiral through which cold water was kept 
running. The effective cathode surface was 125 cm^. Tlie aldol solu¬ 
tion within the porous cup was kept in motion by a mechanical stirrer 
moving within the loops of the lead spiral. The temperature of the cathode 
liquid during electrolysis was below 15°. The aldol solution was elec¬ 
trolyzed for 4 hours and 30 minutes, at a potential of 4 volts and a current 
strength of about 6 amperes— NDioo = 5 amperes. After electrolysis 
the cathode liquid w^as neutralized and satmated with potassium car¬ 
bonate, and extracted five times with a mixture of ether and alcohol. 
The ether-alcoholic solution was dried over potassium carbonate, the 
solvents distilled off and the residue fractioned in vacuo. We collected 
18 g. substance boiling between 105 and 120® at 20 mm. The major por¬ 
tion of the glycol distilled over at 110-114® th^ same pressure. The 
total high boiling residue was less than 2 g. The glycol, distilled at ordi¬ 
nary pressures, boiled at about 205®. The yield of glycol was therefore 
nearly 70% of the theoretical. For most purposes, the crude aldol, 
obtained after treatment in vacuo to free it from acetaldehyde, can be elec¬ 
trolyzed directly in a 10-15% aqueous sulfuric acid as a 20% aldol solu¬ 
tion. The yields vary between 40-50% of the theoretical. 

Ketone alcohols can be reduced in a similar manner to the corresponding 
dihydroxy-compounds. Thus, an aqueous solution of crude methyl-2- 
butanon-3-ol-i, made by the condensation of metliylethylketone with 
formaldehyde, gave about 35%/ of methyl-2-butandiol-i,3, on electro¬ 
lyzing in a 10% sulfuric acid solution, as with acetaldol. 

Aldols are also easily reduced to the glycols in a manner similar to 
Zelinsky and Ujedinoff's' reduction of hydracetylacetone to pentaiidiob 
2,4. The acetaldol, being reduced in this way, gave over 80% of pure 
butandiol-1,3. 

Pinacone, (CH3)2C(OH).C(OH)(CH3)2.—This substance is easily pre¬ 
pared by the methods of Holleman,* or Richard and Langlais,^ which con¬ 
sist in treating acetone with magnesium amalgam. 

As calcium is so closely allied to magnesium in many of its reactions, 

^ /. prakt. Chem.t 84, 545 (1911). 

2 Rec. trav. Mm,, 25, 206 (1906). 

» Bull sac. Mm,, [4] 7, 454 (1908). 



536 


h. p. xnxAxmm* 


we have attempted to reduce acet<me to pmaeoue with calcium amalgam. 
As, however, calcium oxide is a strongly alkaline substance as compared 
with magnesium oxide, the side products obtained in the reduction are 
more abundant. H. D, Law and F. M. Perkin^ have observed that metallic 
calcium acting on acetone at ordinary temperatures induces the formation 
^of mesityl oxide together with higher condensation products. At higher 
temperatures the amount of high condensation products increases corre¬ 
spondingly. 

43 g. calcium were amalgamated with Boo g. mercury. The amalgama¬ 
tion required long heating because of a layer of calcium oxide on the sur¬ 
face of the metal turnings. The cold calcium amalgam was treated with 
400 cc. of acetone and the mixture boiled for more than 24 hours on the 
steam bath. The flask was shaken occasionally in order to break the 
amalgam. Because of this massive lump tlie amalgam had not all reacted. 
The reaction mixture was treated with 45 g. water, boiled, filtered, and the 
precipitate extracted twice with boiling acetone. The liquid was dis¬ 
tilled until the vapors attained the temperature of 95®. The residue wavS 
treated with 100 cc. water, inoculated with a crystal of pinacone hydrate 
and left in the ice-chest. The liquid was filtered off from the crystals, 
the latter were washed with cold water, then with benzol and dried by 
pressing between filter papers. The pinacone hydrate thus obtained 
weighed about 50 g. The yield of the substance was therefore more than 
20% of the theoretical. 

We have tried to carry out this reductiom in presence of an inert organic 
solvent but the results were poorer, if anything. 

Because of the relative cheapness of production of calcium as compared 
with magnesium, the study of this reduction of acetone with calcium 
amalgam to pinacone might be worth while. 

Condusions* 

Aldol condensations can be effected by means of the alkali hydroxides, 
even in the case of aldehydes which are very sensitive towards these hy¬ 
droxides. Where weak alkalies have heretofore been used, these can be 
replaced by the alkali hydroxides, only in the latter case the amount of 
the condensing agent must, naturally, be much smaller. The relative 
amounts of the different alkalies can be determined by comparing their 
dissociation constants. 

Aldols and ketone alcohols can be reduced to the corresponding di- 
hydroxy-compounds electrolytically in a sulfuric acid solution, preferably 
at a lead cathode, or in a way similar to Zelinsky and Ujedinoff’s reduc¬ 
tion-method of hydracetylacetone to pentandioh2,4. 

Pinacone can be obtained by the reduction of acetone with calcium 
amalgam. 

^ Chem, Zmtr., 1908, (I), 1610. 
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In conclusion, I wish to express my thanks and indebtedness to my 
•cdleague, R. B. Barle, for assistance in the study of these reactions and 
many valuable suggestions 

Cambkidos, Mass. 


THE PREPARATION OF DIGLYCERIDES.’ 

By R. R. Rbnshaw. 

Received January 2, 1914. 

The preparation and isolation of the diglycerides is an unusually difficult 
task, for several reasons. In the most fruitful methods of preparation, 
there is always obtained a mixture of the di- and triglycerides, as well 
.as free fatty acids and possibly small quantities of the isomeric diglycerides. ^ 
These products do not differ greatly in solubility or crystallizability, 
and some of them are exasperatingly alike in these properties. The 
melting points of all of them are close together, and some have double 
melting points. The problem is complicated, too, on account of consider¬ 
able disagreement in the data afforded by tlie literature.® 

The following methods for the preparation of the 2,3-diglycerides are 
theoretically possible: 

I. By the direct action of the fatty acid on glycerol or the mono- 
glycerides at higher temperatures.'* It has been supposed that the 1,3- 

^ Presented in part at the forty-fifth general meeting of the American Chemical 
Society, Washington, 1 ). C, Dec. 28, igii. 

* It is txissible that the diglyceride may also form with the free acid present stable 
double compounds. Griin and Schacht (Ber.. 40, 1786 (i907))» tiave isolated from the 
action of myristic acid on glyccr>’l disulfate a compound to which they have assigned 
the formula CaHi(OH)((^COCi3H27)2 + 2C13H57COOH. 

^ A typical example is illustrated in the glycerides of stearic acid 

vStearic acid melts at 69 2"^. It is readily soluble in ethyl ether, and in cold petro¬ 
leum ether. 

i-Mono$tearin melts at 73® (Guth, Z. physiol. Chem., 26, 83 (1902)); 78® (Kraft, 

34 > 4343 (1903)). It i;» sparingly soluble in cold ethyl ether and in cold petroleum 
•ether. 

2.3- Distearin melts at 72.5° (Gtith); 76® and remelts at 58®, and after several 
months’standing at 74.5 ® (Griin, Ber .36,2286 (1905)); 38, 1781 (1907)); 76.5® (Hundes- 
hagen, J. prakt. Chem., 28, 219). It is sparingly soluble in cold ethyl ether and in 
cold petroleum ether. 

1.3- DLstearin melts at 74.5® (Guth); 78.2® vGrun and Theimer, Ber., 38 » i 995 
(1907)). The author has confirmed the latter. This glyceride is sparingly soluble in 
cold ethyl ether, and in cold petroleum ether 

Tristearin melts at 71 to 71.5® and rcmelts at 55® (Guth) It is sparingly soluble 
in cold ethyl ether, and in cold petroleum ether. 

The same relationship as regards solubility holds for these substances in other 
solvents. 

* For the preparation of the stearins by this method, see Berthelot, Vol. 2, p. 67; 
Hundeshagen, /. prakt. Chem., 28, 227 (1883). 
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diglyceride was the one always formed by this method to the exclusion 
of the 2,3-modificatiQn. The writer, however, feels certain that at least 
a small amount of the 2,3-isomer has been obtained by means of this pro¬ 
cedure by Hundeshagen.^ In addition to these two isomers, there is 
always present varying amounts of free acid and the mono- and triglycer¬ 
ides. This mixture gives extreme difficulty in its separation, and it was 
not investigated. 

2. By the double decomposition between 2,3-dihalide propanol and two 
molecules of a salt of the fatty acid. This method, using dibromo and 
chloropropanols and the sodium and potassium soaps, has been applied 
by Guth^ with apparently great success. It was, therefore, tried in an 
attempt to prepare 2,3-distearin in quantity for another research. Ex¬ 
actly the conditions laid down by Guth were followed, namely, highly 
purified 2,3-dibromopropanol and sodium stearate were heated in sealed 
tubes in the ratio of one to a little more than two mols for seven hours 
at 140 to 150®. A mixture of substances was obtained, which could be 
recrystallized repeatedly from a hot, fairly concentrated solution of pe¬ 
troleum ether with practically no change in the melting point.* It was 
finally separated into three fractions and a residue. The fractions eventu¬ 
ally proved to be stearic acid, distearin, and tristearin. A number of varia¬ 
tions as to temperature and time of heating were tried. At temperatures 
sufficiently high to cause an appreciable reaction, there were always found 
considerable portions of stearic acid and some tristearin. At higher 
temperatures, 180 to 200®, large quantities of the latter substance were 
obtained. Under the best conditions, the method is very unsatisfactory,, 
because, when any amount of diglyceride is obtained, tristearin is also * 
formed. As the two substances are almost identical in solubility, the 
mixture is very difficult to separate to a satisfactory degree. In addition 
to the products indicated, there was also found in the most soluble por¬ 
tion, the residue, a substance containing bromine and stearic acid. This. 
was not identified. 

The most likely explanation for the presence of stearic acid seemed to» 
be, of course, that the bromohydrin dissociates giving hydrobromic acid. 
An experiment proved that such was the case, and that at the tempera¬ 
ture of a thymol bath, it breaks up completely into two molecules, and that 
one of them is hydrobromic acid. This dissociation is evident even .at. 
lOo®, though very slight. From the facts indicated, it would appear that 
the following reactions occur: 

^ Loc, cU., cf. note i, page 541 in the experimental part of this paper under the^ 
preparation of distearin. 

* Loc, cit. 

• Cf. Hundeshagen, Loc. cit, p. 228. 
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I. 

CH,Br 

1 

CHgOSt 
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1 

CHBr 4- 2NaOSt 

J 

1 

—► CH OSt 4 - 2NaBi 

1 
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CH*OH 

1 

CHiOH 
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CHaBr 
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CH,Br 
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CHBr 4 - heat 

1 

I 

—► CHv + HBr 


1 

CH,OH 

1 ^ 
ch/ 

III. 

NaOSt 4 - HBr 

—► Host 4 - NaBr 

IV. 

CH,OSl 

CHjOSt 

1 


CHOSt 4 ~ Host 
! 

1 

-► CHOSt 4 “ HaO 

1 


1 

CH2OH 

1 

CHsOSt 


Since sucli large quantities of the stearic acid were formed, it would 
seem likely that considerable amounts of epibromohydrin would also 
be present, and that it would act with the stearic acid as follows: 

V. CHsBr CHjBr 

I 

+ Host — CH OH 

I 

CH,St 

This reaction, or the action of only one molecule of stearic acid in I, 
would explain the presence of a substance containing bromine and stearic 
acid. One would then also expect the formation of some of the 1,3- 
isomer, as follows: 

VI. CHjBr CHiOvSt 

1 I 

CH OH 4 - NaOSt — CH OH -f NaBr 

1 I 

CH,OSt CHaOSt 

None of this substance was isolated, nor does the writer believe that 
more than traces of it were formed. It should be remembered, though, 
that in a mixture of compounds, resembling each other so closely in solu¬ 
bilities and melting points, it would be an exceedingly difficult matter to 
isolate it, if present only in small amounts. 

The 2,3-diiodopropanol was prepared and tried. This is a compara¬ 
tively unstable substance, and experiments showed that it is not at all 
serviceable for the object in mind. 

Experiments with the lead soaps on the dibromide proved more success¬ 
ful, largely on account of the low melting point of the former, thus allowing 
the action to be carried out at lower temperatures. Nearly 20% of di¬ 
stearin could be obtained from these materials, fairly free from tristearin 
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and hence comparatively easily purified. This proved to be the best pro¬ 
cedure so far investigated. 

3. By the action'of salts of fatty acids on 2,3-dihalide propyl am¬ 
monium halide, with the subsequent elimination of the amino group with 
nitrous acid. 

2,3-Dibromopropyl ammonium bromide was prepared, and was heated in 
solution and in a dry state with sufficient amount of the sodium or the 
lead soap to react with three bromine atoms. A charring occurred when 
these substances were heated alone. Whei\ heated in solution, a fair 
amount of decomposition took place, but relatively large quantities of 
stearic acid were formed, with only a small amount of an amino compound. 

4. By the action of Twitchell’s reagent on the i-monochlorohydrin 
with the subsequent elimination of the halogen, and 

5. By the action of the acid anhydrides on epibalide hydrins with the 
subsequent elimination of the halogen. 

These methods were not investigated because the halogen in the distearyl* 
halidehydrin seems to be very firmly boimd. Griin and Theimer^ write 
as follows concerning this: “Das Chlor [im distearyl chlorohydrin], 
erwies sich als so fest gebunden, dass es durch feuchtes Silberoxyd erst 
unter Bedingungen, bei denen gleichzeitig Esterverseifimg erfolgt, elim- 
iniert wird. Dementsprechend wurde auch, durch tagelanges Schiitteln 
der benzolischen Losung mit Silbercarbonat, Chlor nur spurenweise 
abgespalten.” 

They succeeded in getting partial elimination of the halogen, by heating 
the substance some hours with silver nitrite and a trace of acid in a current 
of hydrogen. The yield was not given, but it appears that tlie distearin^ 
required a number of recrystallizations for purification. These methods, 
therefore, do not seem to be as fruitful as the lead soap procedure. 

Some new diglycerides have been prepared with collaborators, and their 
description will be the subject of a future communication. 

Experimental Part. 

Action of Sodium Stearate on 2,3-DibromopropanoL —Highly purified: 
stearic acid, having a neutralization value of 197 and melting at 65^70®, 
was used in all of this work. Samples of this were dissolved in absolute- 
alcohol, and the solution poured into an alcoholic solution of sodium ethyl¬ 
ate (from the calculated quantity of metallic sodium), the soap solution* 
boiled, filtered, and the soap dried in a vacuum at 110®. The dibromo- 
propanol was prepared and purified according to the method of Michael: 
and Norton.* 

Only a few typical examples of the many experiments will be given.. 

^ Ber., 3$, 1794, 1907. 

* Bid,, a6, 86. 
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I, Duplication of the experiments of Guth.^ Twenty grams of the so- 
dium stearate and 6.5 grams of the dibromopropanol were sealed in a glass 
tube and heated at 140-150'® for seven hours, with frequent shaking, in 
an air bath. The product was extracted with boiling petroleum ether, 
and the extracted matter separating on cooling was recrystallized from 
the same solvent three times without appreciable change of melting point. 
The material was then dissolved in a large volume of ethyl ether, and the 
solution filtered before deposition was complete. Under the high power 
microscope, a few long needle crystals were observed, mixed with a con¬ 
siderable quantity of thin plates, and what appeared to be translucent 
amorphous material. The material was again dissolved in a large volume 
of ethyl ether, and an equal volume of petroleum ether added. After 
standing a short while, bunches of very fine needle crystals began to form. 
The rate of the crystallization increased rapidly and the form of the new 
crystals seemed to be different. It was later found that the material de¬ 
posited in the latter part of the crystallization was composed largely of 
thin plates and ill-formed nodules. As there had been no intimation 
of a complex reaction taking place in this metathesis by the previous woiker, 
the miter first supposed that the deposition of the crystals was too rapid 
for the building up of the needle form. Subsequently it was found that 
three distinct substances were present, and attempts were made to separate 
the needle crystals just before the other forms began to separate rapidly. 
Sometimes when the filtering was delayed too long, the disturbance of 
pouring the product on the filter would cause a very rapid separation of 
the non-needle formed substances. Even with the procedure indicated, it 
was found very difficult to separate the plates from the needles completely. 
In all, nineteen recrystallizations were made before a product was ob¬ 
tained completely free from plates. The substance crystallizes in spherical 
^'ggregates of long, thin needles, from ethyl ether and from petroleum ether, 
melting at 78.2® (corr.) and remelting within 30 minutes at the same 
temperature.* 

Saponification number for distearin i79 8 

Found. ... . . 183 oandiSi o 

Guth's compound crystallized in prismatic plates from petroleum ether 
and had a melting point of 74.5°. The product obtained by the writer 
is evidently 2,3-distearin, for Griin and Theimer have obtained® a distearin 
melting at 78.2® (corr.) by a method that leaves little doubt as to its 
^ hoc, cit 

* Hundeshagen (/. prakL Chem., 28, 228 (1883)), has minutely described the separa¬ 
tion of a distearin which he detained by action of stearic acid on glycerol His de¬ 
scription so strikingly describes the product obtained by the writer tliat it is believed 
that Hundeshagen succeeded in getting the 2,3-isomer, although he found a melting 
point of 76.5®. 

• Ber, 40, 1995 (1907) 
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constitution. They treated i-mcmochloroprcq;>andioi with concentrated 
sulfuric add and stearic add, and isolated the dilorodistearin formed, 
and then by heating with silver nitrite and a trace of add in a current 
of hydrogen procured the distearin. 

The samples of plates separated from the distearin were fractionally 
recrystallized. There was finally obtained a homogeneous product 
melting at 71.5“ (corr.) and remelting at 55®. Equal quantities of these 
crystals and purified tristearin were dissolved in ether and the ether evapo¬ 
rated. The residue melted at 71.5° (corr.).^ 

Saponification number for tristearin. 189 i 

Found. i9i.oaad 192 o 

From the filtrates from the first crystallizations a considerable quantity 
of stearic acid, and a small quantity of a substance containing combined 
stearic acid and bromine was obtained. 

2. Ten grams of soap and 3.5 grams of the dibromopropanol were heated 
at 180-200® for twelve hours, in a sealed tube, with occasional shaking, 
the melt extracted with a large quantity of ether, ^ and the residue of soap 
and sodium bromide separated by fractional solution in water. From 
the weight of the latter, (2.8+ grams) it was found that only 85% of the 
bromine was eliminated. The fatty portion yielded a large quantity of 
tristearin and smaller portions of distearin and stearic acid. 

3. Forty-two grams of soap and 15 grams of the dibromopropanol were 
heated 72 hours at 130-135®, Due to an accident the sodium bromide 
was not weighed, but the greater portion of the soap was recovered un¬ 
changed, and the quantity of fat obtained was too small to make the 
utilization of this low temperature practicable. All three substances 
were formed, stearic acid, tri- and distearin, the relative proportion of 
the latter, however, was larger than when higher temperatures were used. 

Many other variations of the experiments showed that the method was 
far from desirable. Probably the best procediue is to heat the materials 
for four hours at 150® with constant shaking, though even under these 
conditions the yield is small and the product is contaminated with much 
tristearin. ^ 

Dissociation of Dibronwhydrin .—^The dissociation of dibromohydrin 
at the temperature of the thymol bath was earned out by Dr. Heath of 
this laboratory as follows: Weighed samples of the freshly distilled 
dibromohydrin were dropped into a Victor Meyer molecular weight 
apparatus, and the gas collected over mercury. Previous experience 
had shown that concordant results could not be obtained by collecting 
it over water. The data afforded by this experiment showed that the di¬ 
bromohydrin had been completely split up into two molecules. On open- 
* If a small volume of ether is used, material quantities of unchanged soap dis¬ 
solve in the resulting concentrated solution of fat. 
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ing the apparatus, very strong fumes of hydrobromic acid could be noted. 

Experiments were made to determine if this dissociation occurred at 
lower temperatures. Hydrogen evolved from zinc and hydrochloric 
acid was passed through the following purification train: aqueous potas¬ 
sium hydroxide, concentrated sulfuric acid, solid potassium hydroxide, 
and phosphorus pentoxide. The gas from the phosphorus pentoxide 
tube was divided, and each portion passed through a tube containing 5 
cc, of dibromohydrin immersed in ice-water, then through a condenser 
tube also immersed in ice-water, and into a tube containing a phenol- 
phthalein solution made a distinct pink with sodium hydroxide. The gas 
was allowed to run for one hour in order to remove any free acid that the 
dibromohydrin might contain. The phenolphthalein was not appreciably 
decolorized, however. At the end of this period, one of the tubes con¬ 
taining the dibromohydrin was placed in boiling water. The pink phenol¬ 
phthalein solution through which this portion of gas passed was practically 
decolorized within one hour, while the pink sliade of the solution through 
which the other portion passed had not visibly changed. A similar 
experiment run at 150® gave very rapid decolorization of the phenol¬ 
phthalein solution. It seems clear, then, that even at 100®, very slight 
quantities of hydrobromic acid are evolved from the dibromohydrin. 

Dibromohydrin itself reacts acid. If a small quantity of it is added to 
water containing slightly pink phenolphthalein, the latter is rapidly de¬ 
colorized, and one may, from time to time, add portions of sodium hydrox¬ 
ide to pink, and the color will in each case disappear. To litmus, the 
material gives only a faint acid tint immediately, but on standing a short 
while, a very pronounced red color appears. 

The extent of dissociation in aqueous solutions of dibromohydrin will 
be investigated. 

Experiment with 2,j'Diiodopropanol .—This substance was tried instead 
of the corresponding bromine derivative in the hope that the decomposi¬ 
tion could be brought about at lower temperatures and thus prevent the 
formation of any amount of the tristearin. It was prepared a*s follows: 
25 grams of iodine and 10 grams of allyl alcohol were stirred in a beaker 
for some time. A considerable heat was evolved, and after about an hour, 
the contents solidified. The cake was pressed out on a porous tile, mashed 
up in a mortar with dilute solution of sodiiun hydroxide until perfectly 
white, washed with water, sucked dry on a filter, and finally waslied with 
petroleum ether. The product was obtained as beautiful, long, silky 
needles, by the slow addition of petroleum ether to its solution in carbon 
disulfide. It is markedly unstable, undergoing spontaneous decomposi¬ 
tion at ordinary temperatures. An extra fine sample of these needle 
crystals, in a glass-stoppered amber bottle, was placed in a dark cupboard. 
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After three weeks the bottle contained a dark, thick liquid and some crys¬ 
tals of iodine. 

The action of silver stearate on this iodide in aqueous alcohol at slightly 
elevated temperatures was not fruitful. A solution of the diiodide in 
benzene was dropped very slowly into a boiling solution of sodium stearate 
in amyl alcohol. Nothing of a fatty nature but stearic add was isolated 
from the reaction flask. Similar results were obtained when xylene was 
substituted for the amyl alcohol and the benzene. On fusing with soap, 
hydriodic acid and iodine were eliminated. 

Action of Lead Stearate on 2,3-Dibromopropanol, —Lead stearate (20 
grams) and dibromopropanol {5.5 grams) were heated in a pressiue bottle 
four hours with constant shaking in an air bath at 122®. The melt was 
extracted with ether, filtered, alcohol added and the solution titrated with 
sodium hydroxide solution to neutrality to phenolphthalein. 12.20 cc. 
of the solution containing 0.0354 gram of sodium hydroxide per cc. were 
needed, indicating the presence of about 3.0 grams of stearic acid. Four 
grams of fat were separated from the soap. This was not pure distearin, 
however, and several recrystallizations were needed to purify it. If all 
the stearate had been converted into distearin, 16 grams would have been 
obtained. It is likely, then, that the yield is nearly 20%, though that 
amount can not be conveniently isolated, as its separation from tristearin 
can never be made sharp. 

Experiments at higher temperatures yielded more distearin, but ttie 
difficulty of eliminating the increased quantity of tristearin more than offset 
the advantage. 

Action of Lead* and Sodium Soaps on 2,3-Dibromopropylantmonium 
bromide, —^This bromide was prepared, for the writer by Mr. R. R. Stevens 
as follows: The allyl amine was obtained from allyl isothiocyanate by 
boiling the latter with 20% aqueous hydrochloric acid according to Gabriel 
and Eschenbach.^ The calculated quantity of hydrobromic acid was 
added to the amine and the resulting hydrobromide converted into 2,3- 
dibromopropylammonium bromide by the direct addition of bromine. 
This substance melted at 170.2® (corr,). 

Fusion with lead stearate was not fruitful. This substance seemed to 
act catalytically on the carbonization of the amino compound. 

Four and one-half grams of dibromopropylammonium bromide were 
dissolved in 50 cc. of propyl alcohol, toluene poured in until the amine 
started to precipitate (150 cc.), and 15 grams of soffium stearate added. 
After boiling 25 hodrs, the solution was decanted from the precipitated 
salt, evaporated under diminished pressure, and the residue dissolved in 
alcohol and ether, and alcoholic potassium hydroxide added to neutrality. 
Acidity, calculated to stearic acid, indicated that 7.9 grams of that sub- 

* Ber„ 30,1124 (1897)- 
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staiioe were present. The soap was filtered off, the filtrate evaporated 
and the residue purified by a number of recrystallizations from absolute 
ether and from aqueous alcohol. There was thus obtained a few tenths 
of a gram of a substance which separated from alcohol as a voluminous 
precipitate resembling precipitated aluminum hydroxide. It gave a 
strong qualitative test for nitrogen and a rather weak one for bromine, 
but its ether solution did not yield a precipitate with alcoholic platinic 
chloride or with hydrogen chloride. Neither did its alcoholic solution 
give a precipitate with alcoholic silver nitrate. A Dumas nitrogen de¬ 
termination on a small sample gave 2.64% nitrogen. Another small 
sample (m. 88-90®, uncorr.) prepared in a similar manner, gave 2.69% 
nitrogen. The amino diglyceride would give 2.25% nitrogen. It is 
possible that the products obtained were mixtures, though no evidence 
for that fact could be obtained by use of the microscope or from the change 
of character on recrystallization. The analyses agree with the theoretical 
values for stearylbromoglyceryl-dipropyl amine, but the formation of 
this does not seem likely. 

WKSt.BVAK UNIVVMITV, 

Miodlbtowm. Conn 

[CONTRIBtTTlONS PROM THE ShEFEIELD CHEMICAL LABORATORY OF YaLE UNIVERSITY.) 

RESEARCHES ON PYRIMIDINES. LXVIII. THE STRUCTURE 
OF RITTHAUSEN'S DIVICINE. 

By Trbat B Johnson and Carl O. Johns. 

Received January 9, 1914 

In a recent publication' from this laboratory were recorded some new 
speculations regarding the origin gf purines in plants. Attention was 
called to the most interesting fact that the nitrogenous substance divicine, 
which Ritthausen* obtained from vicine of vetch seeds by hydrolysis with 
sulfuric acid, may be a pyrimidine compound. In fact, the formula 
C4H7O2N4, which was assigned to the base by Ritthausen, differs from 
that of a diamino-derivative of uracil (II), or its isomer 2,5-diamino- 
4,6-dioxyp)rrimidine (III) by only one hydrogen atom. The low per¬ 
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centage of hydrogen, and the significant carbon and nitrogen ratio of i : i, 
exclude the possibility of the base being an acyclic compound. Since 
pyrimidines of this type have never been observed to occur in nature, it 

' Johnson, This Journal, 36, 337. 

* For literature references see paper by Johnson, Loc cit. 
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wa$» therefore, of the greatest importance, from a biochemical standpoint, 
to compare critically the properties of these two p3rrimiditte bases with 
those of Ritthausen’s divicine.^ This has now been done, and the de¬ 
scription of the interesting relationships, which the work has revealed, 
forms the subject of this paper. 

We wish to call attention first to the analytical results obtained by 
Ritthausen, which are recorded in this investigator's last paper on divicine.® 
These, together with the theoretical values for carbon, hydrogen and 
nitrogen in divicine and 4,5-diaminouracil are recorded in Table I, below. 

Table I. 

Calculated f<xr Calculated for 

aHrOtNi. C4 HiOsN4. 


c. 33.5 c. .. 33-8 

H. 4.8 H. 4.22 

N. 39-^6 N. 39.4 


Values Obtained by Ritthausen. 


Percentage of C. 

Percentage of H. 

Percentage 

32 

91 

00 

00 
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While the analytical data are of interest, on the other hand, it is apparent 
from inspection that one cannot safely conclude, from the results, whether 
divicine is to be represented by formula €41170^4 or C4H6O2N4.* The 
high i^rcentage of nitrogen and the carbon and nitrogen ratios of i : i 
afford evidence of a pyrimidine compound. The substance is evidently 
uot ethylene diurea^ (glycouril, IV) and its stability, in the presence of 

^ It is of especial interest to note here that Kutscher (Z. pkysioL Chein.^ 38, 176 
(1903)) believed he obtained an oxydiaminopyriraidine from yeast nucleic acid, by 
decomposing this acid at a high temperature with sulfuric acid. This observation has 
previously received attention from this laboratory and Johnson and Johns (Amer, 
Chem. 34i 554) actually found that 2,5-diamino-6-oxypyrimidine agreed in its 
chemical bdiavior, so far as they were able to judge from comparative teats, with 
Kutscher’s unknown base. 

* J. prakt, Chem., 59 * 4^2 (1899)' 

* It is important to call attention here to the fact, that this formula of Ritthausen's 
C4H7 C)sN 4 is impossible unless it be doubled, because it does not conform to the prin¬ 
ciple that the number of atoms of odd valence in a carbon compoimd must be an even 
number. 

* Ber., 19, 2477- 
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alkali* exdudes the possibility of its being a hydantoin derivative con¬ 
taining an acid amide grouping as represented by formulas V, and VI. 
NH — CH — NHv NH — CO 



(IVj 

NH — C.NH 

I 

CO 


or 


HzNC 

II 

N-CHCONH 

(V) 

NH - CNHu 

I I 

CO I 


NH - - CHCONH2 
(VI) 


NH — C CONH2 


Ritthausen has also summarized, in his last paper on divicine.' further 
results of his work on this base and gives a series of precipitation and color 
reactions which are characteristic of divicine. These tests are recorded 
verbatim in Table II, below. Some of these te.sts are unique and un¬ 
doubtedly specific for certain types of compounds. 

We have now applied all ttiese tests of Ritthausen’s with both the 2,5- 
diamino- and the 4,5-diaminopyrimidines (III) and (II), respectively, and 
have made the interesting observation that 4,5-diaminouracil (II) responds 
jxisitively to every one. In fact, the agreement in chemical behavior 
is so perfect, that one would actually be justified in concluding that this 
pyrimidine and divicine are identical. On the other hand, as will be ob¬ 
served by inspection of Table II, the isomeric 2,5-diamino-4,6-dioxy- 
pyrimidine (II), failed to respond to all of Ritthausen’s tests. This base is 
also far less soluble in water than divicine. Furthermore, it is so sus¬ 
ceptible to oxidation that it is practically impossible to isolate it in a pure 
condition. It is of interest to note, in this connection, that both of tliese 
pyrimidines were isolated by Traube* in the form of their stable sulfates. 
He writes as follows regarding the 2,5-diaminopyrimidine (III): “Der 
Amidokorper bildet einen gelblichen, pulverigen, in Wasser kaum los- 
lichen Niederschlag, der sich in feuchtem Zustande an der Luft rasch 
dunkelroth f^bt,’' 

The three most characteristic tests of the ten applied by Ritthausen 
with divicine (Table II) are i, 3 and 4. The reduction of silver salts to 
metallic silv'er is a characteristic behavior, which is in accord with previous 
observations, and is a very strong argument, from a chemical standpoint, 

I I 

that Ritthausen was dealing with an orthodiamine H2NC = CNH2. 
The observation that befth of our pyrimidine bases give the same 
' Loc. cit, 

* Ber., 26, 2556; 33, 1382 



RitthaiMtn’s £>«8criptloa ^ Diyicke,* ^•kaTior of 2,6 • DIosy • 4,5 - cUandnopyTiiiitdiiie, Behavior of 4,6 - Dioxy - 2.5 • diamkiopyiimidtQe, 
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characteristic blue solutions as Ritthausen’s divicine, when combined 
in aqueous solution with phosphomolybdic acid, is especially sig¬ 
nificant, because both of the p5rrimidines (II), and (Til) contain an amino 
group in the 5-position of the pyrimidine ring. This observation and 
those of our former co-workers I^ewis and Nicole!^ have aroUvSed a new 
interest in the practical utility of these acids as color reagents^ for certain 
types of organic compounds. That the 5-amino group functionates 
in these pyrimidine reactions is supported by further evidence which will 
be discussed in a future paper from this laboratory. It appears probable, 
therefore, from a consideration of the experimental evidence, that Ritt- 
hausen*s dma'nc is identical with 4,5-diarainouracil (II). There remained 
to be developed, however, a reliable test by which such a constitution 
could be easily established. We are now able to state that this can easily 
be accomplished by heating divicine with urea. We find that 4,5-diamino- 
uracil (II) is converted quantitatively into uric acid (VII) when heated 
with urea at 170 -180°. The interaction of divicine with urea with forma¬ 
tion of this purine (VII) would establish beyond doubt the structure of 
tlie base. 
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Experimental Part. 

NH — CO 

I I ^ 

2/)-Dio\ v-4yiy-diaminopyrimidivc {4,;^-Diaminouracil), — 

NH — C NHi 

This pyrimidine was prepared from its sulfate, which was synthesized 
according to the directions of Traube.* The salt was finely pulverized 
and then mixed with just enough water to make a thin paste. The sul¬ 
furic acid was then exactly neutralized by triturating the paste with the 
required amount of normal sodium hydroxide solution. • The free pyrimi¬ 
dine was obtained as a light gray powder. This was separated by filtra¬ 
tion, washed with water to remove sodium sulfate and finally with alcohol 
and etlier. The p)rrimidine was then dried at 75® and used for our ex¬ 
periments without further purification. An attempt to purify the base 
by crystallization from water was not successful because the pyrimidine 

* J Bioi Chem.f x6, 369. 

® Folin and Macallum, J, Biol, Chevi., n, -’65; Folhi and Henis. Ihtd , 12, 2^9; 

Hi 

® Loc cit. 



tmtAT B. JOHNSON AND CARD O. 


SSO 

txodergoes pBrtial deoompositioo when warmed with water and sepacwtos 
in an amcophous conditkm. When sulfuric acid is added to an aqueous 
solution c& the base the corresponding sulfate separates immediately. 

NH —CO 

I I 

4,6-Dioxy-2t5-diaminopyriimdine, HaNC CHNHa.^Th^ sulfate of 4,6- 

N-CO 

dioxy-2,5-diaminopyrimidine was prepared according to IVaube’s* di¬ 
rections by dissolving the ammonium salt of 2-amino-4/)-dioxy-5-isonitroso- 
pyrimidine in dilute sulfuric acid and then saturating the solution (while 
warm) with hydrogen sulfide. This treatment was continued until the 
reduction was complete. The crude sulfate was then separated by filtra¬ 
tion and washed with water and alcohol. The free sulfur which was pres¬ 
ent was then removed by washing with carbon disulfide and the salt finally 
washed with ether and dried at 75°. The free pyrimidine base was then 
liberated according to the same procedure as applied in the case of the 
4,5-diaminopyrimidine. The pyrimidine was washed in turn with water, 
alcohol and ether and then dried at 75®. This base is much more un¬ 
stable than the isomeric 4,5-diaminopyrimidine and if exposed to the air, 
while moist, it rapidly undergoes oxidation becoming purple. Its aqueous 
solution rapidly becomes colored, finally assuming a brilliant potassium 
permanganate color. 

The Conversion of 2,6-Dioxy-4,s-‘dtaminopyrmiidine into 2,6,8’Tri- 

NH — CO 

.1 I 

ovypurmc or I’ric Acid, CO C NH\ .--One gram of 2/)-dioxv- 

! I! /C^> 

NH — C.NH^ 

4,,5-diaminopyrimidine and I gram of urea were pulverized together 
and the dry mixture then heated in an oil bath at 170-180® for one hour. 
The brown residue which was obtained was then dissolved in hot, dilute 
sodium hydroxide solution and the solution filtered. On acidifying 
with dilute hydrochloric acid there was an immediate precipitation of 
imic add. This was washed with water and alcohol and dried at iSd®. 
The weight was i gram. The formation of the purine is so smooth that 
extremely small quantities of the pyrimidine can be identified irt iHik 
manner. ' 

Calculated for Ci,H,OsN,: N, .s.t.3.t'4; found: N. .t.t 19 ^. 

New Haven, Conn • 
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A study of the literature has shown that, when chloroanil or bromoanil 
is treated with an alkaline hydroxide, the product is chloroanilic acid, 
or bromoanilic acid^ with a single exception observed by Kehrmann,* 
who, while obtaining chloroanilic acid with alcoholic potassium hydroxide 
in the cold, found that when hot the product was metadiethoxydichloro- 
<}uinone. Experiments of our own also with bromoanil led in every case 
to bromoanilic acid; but Torrey and Hunter^ observed that, when iodoanil 
was treated with alkalies, the product frequently was not iodoanilic acid; 
and this difference in the behavior of chloroanil and bromoanil, on the 
one hand, and iodoanil, on the other, is so interesting that we have studied 
it in detail in our continuation of their work. 

The products obtained by the action of alkalies on iodoanil differ ac¬ 
cording to the conditions of the reaction. By the action of sodium hydrox¬ 
ide on iodoanil, suspended in a mixture of 30 cc. of water and 15 cc. of 
alcohol, a sodium salt is formed, which looks like sodium iodoanilate, 
and, like it, crystallizes with water in dark purple prisms terminated at 
each end by two planes at an obtuse angle, leaving, however, when dried 
a purplish black residue instead of the brownish purple anhydrous sodium 
iodoanilate. On acidification a substance is precipitated, which crystal¬ 
lizes from hot toluene in red needles, in tlie cold in rhombic plates con¬ 
taining toluene of crystallization. This might be a description of iodoanilic 
acid, and, altliough a careful comparison reveals slight differences, such 
as a tendency to spindle forms in the needles, and truncation of the ob¬ 
tuse angles of the plates, neitlier of which appear in iodoanilic acid, tliese 
are rattier differences in habit, such as might be caused by the presence 
of an impurity, than real differences in crystalline form. In view of these 
marked similarities ver>'^ convincing arguments are necessary to show 
that we have a new substance and not somewhat impure iodoanilic acid, 
especially as most various reagents convert it into iodoanilic acid or some 
.of its derivatives. 

Our reasons for believing it to be a new compound are the following: 
(i) The new product contains about one and a half per cent, more iodine 
than iodoanilic acid, and, as six agreeing analyses were obtained from 
six different preparations crystallized from one to four times from toluene, 

^ The work described in this paper formed part of a thesis presented to the faculty 
of Arts and Sciences of Harvard University for the degree of Doctor of Philosophy by 
^mer Keiser Bolton. 

* Stenhouse, J. Chem, Sac., 8, 6 (1870); Graebe, Ann,, 263, 16 (1891). 

* J, prakt, Chem,, 39, 318 (1889). 

* This Journai., 34, 702 (1912). 
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it can hardly be that the excess of iodine was due to an impurity, (a) We 
next tested for an impurity, and, as this must raise the percentage of 
iodine, the only probable ones were sodium iodide and iodoanil. A 
specimen of our salt, therefore, was decomposed with enough dilute 
sulfuric acid to precipitate most of the organic matter, and the filtrate 
tested for an iodide, when it gave a trace of a red precipitate (pjpobably 
only silver iodoanilate) but, even if it were in part silver iodide, the amount 
was very far from enough to account for the difference in the percentages. 
As the precipitate with sulfuric acid dissolved completely in water, no 
iodoanil could be present. This solution was then boiled for a few min¬ 
utes, which converts the substance completely into iodoanilic acid, and 
after precipitating this with an excess of dilute sulfuric acid the test for 
iodide was repeated with the same negative result as before. No sodium 
iodide or iodoanil, therefore, was present. 

(3) This last experiment seems to us to give a conclusive proof of the 
nature of the compound, for starting with a substance containing 66.50% 
of iodine we have converted it by boiling with water into iodoanilic acid, 
which contains only 64.78%, and this lowering of the amount of iodine 
has been accompanied by no setting free of any compound containing 
iodine. The only explanation we can find for tliese observations is that 
the substance is the hemiether of iodoanilic acid, I,[C«l2(0H)02]20, and 
by taking up one molecule of water it is converted into iodoanilic acid 
with its smaller percentage of iodine. Such a hemiether might well 
show a marked resemblance to the acid with only slight differences as 
described above, and would undergo the change to the acid with a great 
variety of reagents. 

(4) The salt to be expected from the hemiether [C6l2(0Na)02]2O 
would contain 5.68% of sodium, the sodium iodoanilate 10.55%, 
so that it seemed analyses of this sodium salt would settle the 
question. The material used for analysis was made direct from 
iodoanil and sodium hydroxide, and on acidification gave our hemi¬ 
ether. The results of 3 analyses agreed with those for sodium iodoanilate 
as nearly as could be expected from a substance so unstable that we could 
purify it only by washing with alcohol, but in spite of this it cannot be 
sodium iodoanilate, as determinations of the water of crystallization 
showed that our salt contained 9.95, 9.96%, the iodoanilate 20.12, 20,25%, 
so that, although the sodium determinations tell against the hemiether 
hypothesis, the amounts of water furnish us another strong argument 
in favor of it. To reconcile the twb we feel obliged to assign to tiie salt 
the somewhat improbable formula, II, [C6l2(0Na)0(0H0Na) fcO, in 
which one molecule of sodium hydroxide has been added to one of the 
quinone oxygens; and we do this in face of a serious objection based 
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on the color of the salt, which as a hemiacetal ought to be lighter than 
the free acid, whereas it is darker—^purple instead of red. 

(5) The hemiether begins to decompose at 215° (uncorr.), iodoanilic 
acid at 205® (uncorr.); but if our substance were impure iodoanilic acid, 
it would melt below, not above, the pure substance. The five arguments 
just given seem to us to prove that our compound is the hemiether of 
iodoanilic acid. 

The hemiether passes with great ease into iodoanilic acid, or its de¬ 
rivatives; water, or sodium hydroxide, gives two molecules of the acid; 
acetic anhydride diiododiacetoxyquinone; aniline, dianilinoquinone 
by saponification of the hemiether followed by replacement of the hy¬ 
droxyls by aniline radicals and the atoms of iodine by hydrogen (two 
interesting exhibitions of the loosening effect of quinone oxygen). 

When the sodium hydroxide acting on the iodoanil was dissolved in 
50 parts of alcohol to 10 of water, a different result was obtained from 
that given by the previous experiments with 15 of alcohol and 30 of water, 
for, on adding an acid, a product was precipitated, which decomposed 
between 160® and 180®, and contained the ethoxy group. In our opinion 
this is diiodohydroxyethoxyquinone (monoethylether of iodoanilic acid), 
III, C 6 l 2 (OH)(OC 2 H 5 )() 2 , although the formula, IV, [C6l2(OC2H5)02)20, 
must also be considered, according to which it is the ethyl ether of the 
hemiether formed when less alcohol is present. Most of our observations 
agree equally well, or rather equally badly with either of these formulas, 
showing, however, a slight preference for III, but there is one which seems 
to us to pronotmee distinctly in favor of III, so we have adopted it, al¬ 
though we cannot claim that it rests on a very secure foimdation. This 
single observation, that we cannot bring into harmony with IV, is the 
formation of what seems to be diiododiethoxyquinone, C6l2(OC2H6)2()2, 
by the action of ethyl bromide on the silver, or potassium, salt of our 
substance. The observations telling in favor of III but not excluding 
IV are the following: Although the percentages of iodine for the two 
formulas differ by 1.3%, we could not decide between them in this way, 
as our results covered the whole interval. The specimens most frequently 
crystallized, however, and, therefore the purest, came nearest to III; 
and yet, if IV were correct, this could be explained on the supposition 
that the hemiether was slowly converted into the hydroxyl compound 
by the water in the solvent—[C6l2(C2H50)02]2(^ to C^hiC^HhO) (110)02 
as observed with the hydroxyhemiether; but such a reaction should be 
accompanied by a change in properties, and, as none was observed, its 
occurrence is very doubtful, so that tlie best explanation of the phenomena 
is that the change in compOvSition was due to purification and that III is 
the true formula. This view is supported by the fact that analyses of the 
silver salt and of the free substance prepared from the hemiacetal gave 
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results agreeing with III, since both these products should be especially 
pure. 

The most striking derivative of our compound was a bluish black 
potassium salt, which was stable enough to be crystallized from alcohol, 
and could be prepared by the action of potassium hydroxide on the free 
acid or on iodoanil itself. The analyses of this salt gave results nearly 
2% too low for the amount of iodine in Cel2(OC2HB)(OK)02, and in order 
to make them agree with III it is necessary to assume one molecule of 
water in the salt, which seems improbable, since it was dried at loo®. 
Unfortunately we could not test this assumption by experiment, as the 
substance began to decompose at higher temperatures. On the other hand 
the percentages found agree with those calculated for the salt of IV, 
[C 6 l 2 ( 0 C 2 H 5 )( 0 H 0 K) 02 ] 20 . This formula is certainly a strange one, 
yet it will be remembered that we were driven to adopt a similar one in 
studying the hydroxyhemiether, although such a salt, being related to 
the hemiacetals, ^ould be lighter in color than the quinone, and in both 
cases it was darker, here black from an orange-red quinone. On the other 
hand, with III we should expect a darker salt from the frequent auxo- 
chrome effect of salt formation. Again, if a hemiacetal, the salt should 
have but a slight stability, whereas it can be crystallized from alcohol 
without decomposition. Of the two rather doubtful hypotheses, there- 
fcoe, it seems to us the presence of water required by III is the more 
probable. 

Aniline acting on the free substance converts it easily into the salt 
C6I2(C6 HbNH)( 0HNH2C8H5)02, which gives with adds the dark blue 
diiodoanilinohydroxyquinone, Cel2(C«HBNH)(0H)02, whereas potassium 
hydroxide gives the salt of the unaltered substance. If IV is correct, 
the feeble aniline must then have split the hemiether to form the aniline 
salt of the substituted quinone, while the stronger potassium hydroxide 
has produced no such decomposition. With III no such anomalous 
assumption is needed, since both aniline and potassium hydroxide simply 
convert the substances into the corresponding salts. 

Acetyl chloride converts the potassium salt into the free acid instead 
of an acetyl compoimd, which perhaps agrees better with IV than with 
III, especially as a similar observation was made with the hydroxyhemi¬ 
ether, but, as this is the only case in which IV is to be preferred, we think 
that the discussion just given justifies our adoption of III. 

The formation of this diiodohydroxyethoxyquinone is not out of har¬ 
mony with the appearance of the hemiether of iodoanilic acid in the ex¬ 
periments with less alcohol, as each reaction consii^ in the formation 
of an ether, the iodine compound reacting with the sodium salt present 
—C«l2(0Na)202 when water is the fuincipal solvent, but with alcohol 
NaOCsHfi. 
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It Is a curious fact that, whereas the potassium salt C 6 l 2 f 0 C 2 H 5 )( 0 K )02 
is obtained easily from either the free acid or from iodoanil, the same 
method with sodium hydroxide converted the free acid into sodium 
iodoanilate, and with iodoanil produced an unmanageable solution, 
from whidi there was little chance of isolating an unstable salt. This 
striking difference between the behavior of sodium and potassium hydrox¬ 
ides is undoubtedly explained by the slight solubility of the potassium 
salt, which removed it at once out of tlie reach of further action, whereas 
the sodium salt was found to be freely soluble, when at last we succeeded 
in making it by the action of sodium chloride on the silver salt. 

In the action ol sodium or potassium hydroxide on iodoanil the product 
was sometimes the salt, sometimes the iodoanilate, and at others diiodo- 
diethoxyquinone, which was the invariable product, when alcohol was 
the only solvent, while with methyl alcohol the reaction went further, 
giving the salt of the hemiacetal of diiododimethoxyquinone. It will 
be interesting to determine whether this greater tendency toward the 
formation of the methyl than the ethyl hemiacetal appears in other cases. 

In getieral, then, oiu* work has brought out two peculiarities in the be¬ 
havior of iodoanil with alkaline hydroxides, a tendency toward the replace¬ 
ment of two of its para halogen atoms by different radicals, of which we 
can find no case with chloroanil or bromoanil, and a tendency toward the 
replacement of halogen by the etlioxy radical, of which only one cavse^ with 
chloroanil has been recorded, or toward the analogous formation of the 
hemiether. Too much weight should not be put upon these negative 
results, however, until a more extended study of chloroanil and bromoanil 
has been made. We have found only one explanation for these differences 
in effect between iodine and the other halogens, which we give for what it 
may be worth. According to this the sodium ethylate in the alcoholic 
sodium hydroxide first forms a diethoxydihalogenquinone, w^hich is after¬ 
ward saponified more or less completely by the sodium hydroxide. The 
amount of saponification will depend on the loosening effect of the negative 
radicals present upon the ethyl groups, and, if the slightly negative iodine 
is present, after one of the C2H6C) groups has been converted into NaO, 
the presence of tlie sodium in the molecule may well neutralize completely 
the loosening effect of the iodine, halting the reaction at the diiodohydroxy- 
ethoxyquinone, whereas with the much more negative chlorine, or bromine, 
the sodium would be unable to overcome the loosening effect, so that both 
ethoxy groups would be saponified. 

Our experiments with aniline have thrown some light on the comparative 
reactivity of different radicals in tliese substituted quinones. The hydroxy 
group assists the replacement of an ethoxy group in the para position, 
C6l2(C2Ha0)(H0)02 gave C6l2(CaH5NH)(H0)02, but an ethoxy group pro- 
' Kehrmann, 7 . ptakt. Chem , 39, 318 (1889) 
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duces no such effect on a second in the para position, aniline showing no 
action with C6l3(C3H50)s08. The acetoxy group is more easily replaced 
than the hydroxy or ethoxy group, as C6l2(CjH60)(C2H808)02 gave in the 
cold Cel3(C2H60) (C«H 5 NH) 02 ; and, since it gives, when hot, Cel2(C«H8NH)2- 
O21 it seems as if the anilino group must loosen the ethoxy group. 

The retention of iodine in the ring, when aniline converts the diiodo- 
ethoxyacetoxyquinone into diiododianilinoquinone is certainly strange, 
because the diiodoanilinoacetoxyquinone and the hemiether of iodoanilic 
acid both give dianilinoquinone (free from iodine), when treated with 
aniline. 

A study of the colors of these compounds shows that in the qpinones 
with oxygen radicals the salts are more deeply colored than the flee qui- 
nones; [C6l2(0H)02]20 and C«l2(C2H60)(0H)02 are red, their salts black. 
With a nitrogen radical exactly the reverse is the case, the quinone being 
more deeply colored than the salt; CJ2 (C«HbNH)( 0H)02 is navy blue, 
the salts red. This seems to be a rule of general application with para- 
quinones containing halogens, since the three halogen anilic acids are 
lighter colored than their salts, while the chloro-' or bromoanilamic^ 
acid is black, its ammonium salt brown. 

In these compounds also the color is deeper, when the two para positions 
are occupied by different radicals, than when they carry two radicals of 
the same sort. 

Different radicals. The same radical. 

CtIi(CjHjO)(OH)Oi, red CnliCCsHbOjiOi, orange-red 

C,I,(C,H, 0 )( 0 Caii 0 ) 02 , red C,I,(OC,H, 0 ), 0 ,, yeUow 

C!l,(C,H^j(C,HdSfH) 0 ,, blue C,I,(C,H»NH), 0 ,, brown 

CJ,(OH)(Cll 5 NH) 0 ,, black ^ C,I,( 0 H), 0 , orange-red 

We have been able to find only two well marked cases of this kind in the 
literature. C«Br*( 0 H)(NH,) 0 * is almost black, while C 6 Brt(NHi)*C)ji is 
brownish red and bromoanilic add reddish. C$H2(OH)(C,HiNH)C)a Ls 
blue, C«H2(C6 HsNH)!C> 3 reddish brown and C«H2(0H)20i dark yeUow. 

Experimental. 

Action of Sodium Hydroxide on lodoanil. —^I'he product obtained differs 
with the amount of alcohol present. We shall begin our account of these 
reactions with the case, where the quantity of alcohol is small. 

The Hmniether of lodoawUic acid, [C6l2(0H)02],0.—^Ten grams of 
iodoanil,* suspended in a mixture of 15 cc. of alcohol and 30 cc. ol water, 
were treated with 15 cc. of a 50% aqueous solution of sodium hydroxide. 
A reaction accompanied with evolution of heat took place at once, formbig 
a deep brownish red solution and giving off a disagreeable penetrating 

‘ ^dmaan, Ann., 48,321. 

* Stenhouse, Ibid., 91,313. 

* Prepared as described in This Jooxnai., 96,305 (1914)- 
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*smell* The addition of dilute sulfuric acid at this point threw down 
an orange-red precipitate of the hemiether, which was washed with water, 
until a putple color in the filtrate showed that the substance was beginning 
to dissolve, after which it was crystallized twice from toluene (Analysis I). 
A better way of preparing the substance consisted in shaking the solution 
»of the iodoanil in the sodium hydroxide for several minutes, when the 
sodium salt of the hemiether began to crystallize, and, after the deposition 
was complete, it was filtered out, washed with alcohol (in which it was 
practically insoluble) and then dissolved in a small quantity of water, 
acidified with dilute sulfuric acid, and purified as described above. The 
substance was dried at loo®; II, III, IV. 

Subst., I, 0.2066; II, 0.2124; III, o. 23,^8, IV, 0.2312. Agl, 02550, 0.2616, 0.2896, 
0.2835. 

Calculated [Cj2(0H)02l2(>* 1,66.30 C«Ii(0H)t402, 1 . 64.7K 

Found. I, I, 66.72; II. 66.58; III, 66.96; IV. 66.28 

Attempts to determine the amount of toluene of crystallization gave no 
results worth recording, because it was held so loosely that it was impossible 
to dry the cry.stals with certainty. It seemed to amount to 3 or more 
molecules. 

To determine whether the high percentages of iodine obtained were due 
to a new compound (the hemiether), or to iodoanilic acid containing an 
impurity richer in iodine the following tests were made with a specimen 
of the substance. The only probable impurities of this sort are iodoanil 
•and sodium iodide. To test for sodium iodide the substance was treated 
with 25 cc. of water in tlie cold, after which the undissolved portion was 
filtered out, and what had dissolved precipitated by the addition of nitric 
acid. Silver nitrate then gave only an insignificant precipitate, which 
was evidently silver iodoanilate from its red color. As the presence of 
over 5% of sodium iodide would be necessary to raise the percentage of 
iodine from 64.78 in iodoanilic add to the 66.50% found, it is evident 
that the cause of the high percentage of iodine is not sodium iodide. The 
residue from this treatment with water was then dissolved in more water, 
and upon filtration no insoluble residue was obtained, showing the absence 
*of iodoanil. To detect any sodium iodide, which might have escaped the 
ifirst test by imprisonment in the crystals, the complete solution was 
boiled until the substance had been converted into iodoanilic acid, which 
was then precipitated by acidification, and the filtrate treated with silver 
nitrate, giving, as before, nothing but a very slight red precipitate of silver 
iodoanilate. Our substance, therefore, was free from an impurity of sodium 
iodide or iodoanil. 

Properties of the Hemietker of Iodoanilic Acid .—It crystallizes from warm 
toluene in red needles, often spindle-shaped, which we believe to be free 
^romtohiene of crystallization; but the crystals deposited, after the solu- 
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tion has grown cool, differ ftbm these, as they are orange-red, diatnond- 
shaped plates with the obtuse angles truncated, and ccmtain toluene of 
crystallization, which is given off rapidly on exposure to the air, leaving 
a salmon colored powder resembling litharge. On longer exposure to the 
air the substance turns brownish black, but this change does not take 
place, if it is kept in a desiccator. It begins to decompose at 215 ® (uncorr), 
therefore 10® above the decomposition point of iodoanilic acid. It is solu¬ 
ble in water forming a ptirple solution like that of iodoanilic acid, and is 
thrown out of this solution by the addition of sulfuric, or hydrochloric 
add; boiling with water converts it into iodoanilic add. It is much more 
soluble in alcohol than in water, and the solution shows a strong red color, 
in this respect also resembling iodoanilic acid; soluble in ether, acetone, 
ethyl acetate, glacial acetic add, nitrobenzene, or aniline; nearly insoluble 
in cold, more soluble in hot chloroform, carbon disulfide, benzene, or 
toluene; essentially insoluble in naphtha, whether hot or cold. Toluene 
is the best solvent for it. Cold strong hydrochloric acid or sulfuric acid 
has no visible effect on it, but when heated an orange solution is formed, 
which remains unchanged on cooling. Hot, strpng nitric acid oxidizes 
it vigorously with separation of iodine. Dilute sodium hydroxide forms 
a reddish purple solution. 

Action of Hot Water on the Hemiether. —^Two grams of the substance 
were warmed with water until they had dissolved completely, and tlie 
solution was then kept just bdow the boiling point for five minutes. 
After cooling, sulfuric add was added, and the salmon colored predpitate 
crystallized twice from toluene and dried at 100®, when an analysis proved 
that it was iodoanilic acid, C«Ii{0H)202, I, 64.78. Found, 65.03. The 
iodoanilic add thtfs prepared resembled the hemiether closely, for, when 
dissolved in hot toluene, it gave long, thin, red needles (although no spindles) - 
and at a lower temperature red, diamond-shaped plates containing very 
loosely attached toluene of crystallization (but not truncated on the ob¬ 
tuse angles). These left a salmon-colored powder identical with that 
from the hemiether, if dried at ordinary temperatures, but the powder 
was red if heat was used. The rhombic crystals darkened if exposed to* 
the air for some days, but remained unaltered in the desiccator. The 
iodoanilic acid decomposed at 205 ® (uncorr.), but this point was not definite 
enough to be used to distinguish it from the hemiether, so that in all our 
work we resorted to analysis of the free acid, purified as described above,, 
in order to identify iodoanilic acid. 

Sodium Salt of the Hemiether of Iodoanilic acid, 
[C8l2(0Na)0(0H0Na)]20.—Owing to the very slight stability of the salt 
its preparation could not be achieved from the hemiether. Tbus, xsigrams^ 
of the hemiether suspended in 20 oc. of water gave with 4 cc. of xo% 
sodium hydroxide solution a deep purple liquid, which was sodium iodo-*^ 
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anilate (Qil2(0H)202, I, 64.78, Found, 65.20). The same result was^ 
obtained, if enough sodium hydroxide was used to precipitate the salt, 
at once (C6l2(0H)202, I, 64.78, Found, 65.06). The sodium hydroxide, 
therefore, has split the hemiether into two molecules of iodoanilic acid; 
and it wa^ the same with potassium hydroxide in the proportion of 4 
molecules to one (C6l2(0H)202, I, 64.78. Found, 65.35). Nor were we 
more successful when we avoided an excess of alkali by using one gram of 
the hemiether suspended in a saturated solution of it, and adding potas-. 
sium hydroxide, so as to have one molecule for each molecule of the hemi¬ 
ether in this gram of it, but the alkali, instead of forming the monopotas¬ 
sium salt, converted the hemiether into potassium iodoanilate, until it 
was exhausted. 

As, therefore, there was no hope of forming its salt from the free hemi¬ 
ether, we turned our attention to the compound obtained directly from 
iodoanil and sodium hydroxide, which must be the salt of the hemiether, 
because this substance is obtained from it by acidification. It was pre¬ 
pared as follows: Ten grams of iodoanil, suspended in a mixture of 15 cc. 
of alcohol and 30 cc. of water, were treated with 15 cc. of a 50% solution 
of sodium hydroxide. The iodoanil passed slowly into solution with evolu*' 
tion of heat, but upon shaking the liquid vigorously for several minutes 
the sodium salt began to separate, and seemed to be completely formed 
after standing for half an hour, when it was filtered out, and washed with 
alcohol to remove sodium hydroxide and iodide, then warmed with benzene 
to dissolve any imchanged iodoanil, after which it was air-dried for analysis. 

This very unsatisfactory purification was all we could use owing to the 
instability of the salt. Boiling with water for a few minutes converted' 
it into sodium iodoanilate (C6l2(0H)202, I, 64.78). Found, 64.90, while 
on longer boiling an odor of iodine was observed. Two crystallizations 
from alcohol and water also gave the iodoanilate (C6l2(0H)202, 1 , 64.78. 
Foimd, 65.24) and washing with warm alcohol reduced its iodine by 10%. 
Salt of the Hemiether Air Dried .—Subst., 0.4364, 0.4984. Loss at 100®, 0.0434, 0.0406. 
Calculated [Cj2(0Na)0(0H0Na)]20.5H20; H2O, 913. 

Pound: HtO, 9.95, 9.96. 

Sodium Iodoanilate Air Dried. —Subst., 0.3926, 0.4750. Loss at 100®, 0.0792, 0.0962 
Calculated CJ,(0Na)2026H20: HjO, 19.86. 

Found: HjO, 20.12, 20.25. 

The sodium iodoanilate, therefore, contains twice as much water as the 
salt of the hemiether. 

Salt of Ike Hemiether dried at loo*". 

Calculated ICel 2 ( 0 Na) 0 ( 0 H 0 Na)] 20 : Na, xo.34; I. 57 09. 

Found: Na, 9,85, 9.90, I, 55.90. 

These results are as good as could be expected from a salt, which could 
be so little ptuified. C«l2(0Na)202 requires Na 10.55, I 5^*24, so that 
the refeults would have to be much nearer to decide between these two 
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fontitilfts, but with otir other obdenretions thejr do eetab&sh the peotdiar 
foirmiila given above, as explained in the introduction. 

Properties of the Sodium Salt of the Hemieiher of lodoanilic Add .—It 
crystallizes in purple prisms terminated at each end by two planes at an 
obtuse angle. At loo^ it loses its water of crystallization, and is converted 
into a black powder with a tinge of purple. It dissolves freely in water, 
and the solution might be mistaken for one of potassium permanganate; 
boiling this solution converts it into sodium iodoanilate; the salt of the 
hemiether is practically insoluble in alcohol, but decomposed by it when 
warm. Crystallization from a mixture of alcohol and water converts 
it into iodoanilate. An excess of sodium hydroxide precipitates it from 
its solutions. 

These properties are essentially the same as those of sodium iodoanilate, 
except that when anhydrous it is dark brownish purple instead of black. 

Action of Aniline on the Hemieiher of lodoanilic Acid ,—Two grams of 
the hemiether dissolved in alcohol were treated with aniline drop by drop, 
until there was no further precipitation, and the light salmon colored 
product was washed with alcohol and dried in vacuo. 

Calc. C«Ii(0HNHiC6H6)202 I, 43 82 Found. 43 34, 

According to this analysis it is aniline iodoanilate, but its properties throw 
some doubt on this conclusion. The light salmon color is strange for 
an iodoanilate, and so are the facts that dilute sulfuric acid has no action 
on it, and sodium hydroxide very little in the cold; both, however, give 
lodoanilic acid if hot. More experimental work, therefore, is needed, 
before its nature can be considered settled. 

If the hemiether was warmed with aniline it dissolved more quickly 
than in the cold, and the dark brown liquid deposited scales, which, after 
the addition of a little alcohol, were filtered, and washed with alcohol, 
when they were recognized as dianilinoquinone by the absence of halogen, 
the diaracteristic purple scales, and the carmine-red color with strong 
sulfuric acid, identical with the properties shown by a specimen of dianilino* 
quinone prepared in the usual way. 

Diiododiacetoxyquinonet C«Ij(C2Ha(02)202.—^This substance was formed 
when 2 grams of the hemiether were mixed with acetic anhydride in the 
proportion of i molecule to 5, and the mixture wanned, until all the 
hemiether had gone into solution. A yellow solid was deposited as the 
liquid cooled, which was freed from most of the acetic anhydride by 
standing on a porous plate in vacuo over potassium hydroxide. It was 
then crystalliz^ several times from a mixture of 3 parts naphtha and 
pne part of benzene, and dried in vacuo. 

Calculated Cil2(C3HiC)a}30s: I, 53-34- Found: 

Properties of Dmdodiacetoxyqmnow —It crystallizes from benzette and 
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iiapl]jd|| in brilliant square yellow plates, which begin to decompose at 
ipo^’jWing oflf violet vapors, and melt at 270® (imcorr.). It is easily soluble 
in al M ioh ethylacetate, glacial acetic acid, carbon tetrachloride, benzene, 
or t^ene, essentially insoluble in naphtha. Cold water saponifies it 
slowly, warm water quickly into iodoanilic acid; cold dilute sodium hy¬ 
droxide saponifies it immediately. 

That this substance was a derivative of iodoanilic acid and not of the 
hemiether was shown by the fact that it was identical in every respect 
with a specimen prepared earlier from acetic anhydride and iodoanilic 
add. 

Calculated C6l2(C4Ha0a)20j* 1,53*34* Found: 53*5J* 

When the sodium salt of the hemiether was treated with acetyl chloride 
we obtained the free hemiether. 

Calculated [CJaOHOala: 1,6632 Found- 66.58. 

This experiment seems to show that acetyl chloride does not act easily 
on the hemiether. 

Action of Hot Sodium Hydroxide on lodoaniL —If the mixture of sodium 
hydroxide and iodoanil was boiled for a minute, the product was sodium 
iodoanilate. 

Calculated I, 64 78 Pound os 25 

Diiodohydroxy ethoxy paraquinone^ C6l2(0H)(0C2H6)02.—^I'en grams of 
iodoanil were suspended in 50 cc. of alcohol, and treated in the cold with 
10 cc. of a 50% solution of sodium hydroxide all in one portion. Upon 
shaking, the iodoanil went into solution rapidly with evolution of heat, 
and the greenish black liquid gave off a disagreeable penetrating smell like 
that observed in the preparation of the hemiether; three to foiu* times its 
volume of water was then added, when upon acidification with dilute 
sulfuric acid a reddish orange precipitate was thrown down, which was 
washed with water till the filtrate began to turn purple, and then crystallized 
three times from naphtha. The diiodohydroxyethoxyquinone was dried 
at 80® for analysis. 

In preparing this compound it is necessary to add the whole of the 
sodium hydroxide at once. If, instead, it is added in small portions at a 
time with shaking after each addition, tlie orange-red precipitate ob¬ 
tained on acidification did not crystallize from naphtha in the clusters 
of red needles, which show that the reaction has gone normally, but in 
small crystals, or sometimes it separated in an amorphous state. vSuch 
a product was separated by cold alcohol into two portions, the more 
soluble of which was the monoethylether, while the residue after crystalliza¬ 
tion from hot alcohol melted at 185® showing that it was the diiodo- 
diethoxyquinone. 
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Aoalyves of dUodobydroxyethaKyquitKMie^ 

Subst., 0 . 9300 , 0 . 1836 , 0 . 91 IQ, 0 . 9076 , 0 . 9508 . Agl« O. 965 S, 0 . 90 ^ 3 , 0 . 9389 ;i,% 2348 , 
Q. 2 S 22 . Calc. (CcItOCsHiOt]iO: I. 61 . 78 ; CJtOHOCtHfOs: I, 60 . 42 . 

I, 62.47; n, 61.59; III, 61,02; IV, 61.14; V, 60.82. 

The qiecimens used in I and II were crystallized 3 times, those in III 
and IV 6 , that in V 8 times. 

Properties of Diiodohydroxyethoxyqtdnone *—It crystaUizes from, naphtha 
in rosettes of brilliant long red needles, which after several days exposure 
to the air lose their luster and turn reddish black, but remain unchanged 
in the desiccator. It begins to decompose at 160®, but does not melt com¬ 
pletely till 180® (uncorr.). It is soluble in alcohol, ether, chloroform, tetra¬ 
chloride of carbon, glacial acetic acid, carbon disulfide, benzene, toluene, 
ethylacetate or nitrobenzene, almost insoluble in cold, soluble in hot 
naphtha; water in the c6ld dissolves it slowly forming a purple scdution, 
in boiling water it dissolves easily, but if the solution is boiled a short time 
decomposition takes place attended with separation of iodine and the for¬ 
mation of a dark brown solution. Strong hydrochloric acid produces 
no visible effect on it; strong sulfuric acid dissolves it with a dark brown 
color; strong nitric acid, if gently wanned, decomposes it with separation 
of iodine. The action of alkalies is described in detail in the following 
sections. 

Potassium Salt of Diiodohydroxyetltoxyquinone^ Cfll2(OK)(OC3Hft)()2H2(). 
—Two grams of the monoethyl compound were treated in the cold with 
an excess of a 10% solution of potassium hydroxide, when, after standing 
for several minutes, a black mass was precipitated, which, although nearly 
insoluble in the excess of alkali, imparted a pink color to the liquid. The 
solid was freed from potassium hydroxide by washing with a small quantity 
of water, until it began to dissolve, after which the wa.shing was (xintinued 
with a few drops of alcohol, and the^purification concluded by crystalltza- 
tion from alcohol twice for I and III, four times for II. 

Sitbst., 0.2298, 0.1566, 0,6758, Agl, 02284. 0.1552; KsSOi, 01206 Calc, for 
CcbOKOCjHgO*: 1 ,55 42; K. 8.54; for Cfl^OKOCsHsOzH^O I. .wj-i; K, 8.21; 
for [C.l 2 (OK)(OC 2 H 0 O(OKOH)l,O- I, 54 K. 8.17 Found I. I, 53 7Ji; 

• II. 53*57; Ki III. S 01 . 

It was impossible to determine experimentally, whether water of 
crystallization was retained at 100®, as it decomposed slowly, when 
heated to higher temperatures. 

The same compound was also obtained as follows: Ten grams of 
iodoanil, suspended in 80 cc. of alcohol, were treated with 20 cc. of a solution 
of 1$ grams of potassium hydroxide in 100 cc. of alcohol. The iodoanil 
dissolved immediately, and after being heated just below* boilti^ for 
several minutes the solution changed from dark reddish purple to blaidcisli 
purple. It was then allowed to stand at rest, and, if the experiment had 
succeeded, the solution was converted in a few minutes into a mass of 
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blad^|vstals» which were washed with a little alcohol, and then after 
wasKB with successive portions of benzene, until no more color was 
remlHf, were recrystallized three times from alcohol, and dried at 100^. 

Sub4||P-^028, 0.1896, 02356. 0.3752; Agl. 0.2022, 0.1888, 02328; K2SO4, 00632. 

^Calc. for C«I, 0 C,H. 0 K 0 ,H, 0 ’ I. 53 33 ; K. 8 21. Found: I, 5388. 5 ^ ^ 2 , 
53 39; K, 7.56. 

This formation of the potassium salt direct from iodoanil cannot be 
recommended as a method for its preparation, since the conditions, under 
which it takes place, are so delicately balanced that the process frequently 
miscarries. If the first solution of the iodoanil was greenish instead of 
reddish black, tlie product was more or less contaminated with either 
potassium iodoanilate {C«l2(0H)202, I, 6478; foimd, 63.98) or diiodo- 
diethoxyquinone, which was precipitated as an orange-red compound, 
sometimes the only product of the reaction, identified by its melting point 
186® after several crystallizations from alcohol. 

Properties of the Potassium Salt of Dhodohydroxyethoxyquinone, —It 
crystallizes from alcohol in bluish black needles, which are black after 
drying. It dissolves freely in water forming a dark solution much like 
that of potassium permanganate, which is not alkaline to test paper, and 
does not become so even after boiling for several minutes. Potassium 
hydroxide precipitates it from this solution, even when present in com¬ 
paratively small amount, but on warming the mixture potassium iodo¬ 
anilate is formed. It is slightly soluble in cold alcohol, freely in hot; 
insoluble in ether, chloroform, naphtha, l>enzene, or toluene; essentially 
insoluble in cold nitrobenzene, or aniline, but dissolves on warming; 
soluble in acetone, ethylacetate, or glacial acetic acid. Alcohol is the 
best solvent for it, as crystallization from this substance is not attended 
by perceptible decomposition. Dilute acids set free the diiodohydroxy- 
ethoxyquinone. Strong nitric acid acts on it with sufficient violence to 
set it on fire. With alcoholic sodium ethylate the black salt forms a 
yellow solution, from which acid throws down a white precipitate evi¬ 
dently a hemiacetal, since it turns orange-red on gentle warming with 
dilute sulfuric acid. 

AUefnpts to Make the Sodium Salt.- -None of our attempts to make the 
sodium salt by tlie methods, which had furnished the potassium «:alt 
easily, led to the desired result. Thus when tlie free substanct* was 
treated in the cold with a few drops of a io% solution of sodium hydroxide, 
sodium iodoanilate was formed (C«l2(0H)205, I, 64.78; found. 65 -h)* 
The same result was obtained, when the substance was heated with 
successive small portions of dilute sodium hydroxide (found, 64.99). 

Ttn grams of iodoanil suspendisd in 50 cc. of alcohol and gently warmed 
with a 5 cc. of a saturated dcoholic solution of sodium hydroxide gave a 
greeni^ black solution, from which water threw down a precipitate of 
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dBododiethoxy’()itkatie, idetttIBed by its rndtinj; point, iM**. 
cdcohdl was usoji as the solvent, much heat was given out by the 
and water added to the hot solution precipitated diiododimetiuny^Hme 
recognized by its orange-red color and melting point 195*’; but if til^Wu* 
t»m was cooled, and then acidified, a white precipitate vras oboE^, 
shown to be the diiododimethozyquinonediniethylhemiacetal of Tmxey 
and Hunter^ by its scfiubility in sodium hydroxide solution, and the great 
ease with whidi heat, or a dilute add converted it into the diiadodi- 
methoxyquinone mdting at 195°. 

We &ially succeeded in preparing a pure sdution of the sodium salt by 
treating the silver salt wi^ sodium chloride, but we did not obtain it in 
the solid state. 

Silver Salt of Diiodokydroxyetkoxyqmnone C6lt(OAg}(OC3Ht)Oi .—K 
q>ecimen of the potassium salt which had been crystallized once from 
alcohol, was dissolved in water, and treated with a solution of alver 
nitrate until there was no further predpitation. The brown solid thus 
obtained was washed by decantation, until it was free from silver nitrate, 
and^dried on a porous plate in a desiccator. 

Sttbst, 0.3136; Agl, 0.1894. [CJiOCiHiOAgOHO]K>: I. 47.38, C«IiOC,H|OAkOi, I, 
48.19. Pound; 48.16. 

A specimen dried at 100® turned somewhat purple, which was evi¬ 
dently due to decomposition, as it contained 1% more iodine than the salt 
analyzed above. 

Properties of Ote Silver Salt of Ditodohydroxyethoxyqmnone. —It is a 
brown solid, which is somewhat decomposed, if dried at 100®. It is very 
slightly soluble in water forming a light purple solution; insoluble in cold 
alcohol, barely soluble in hot. Cold dilute nitric add does not act on it, 
but when hot decomposes it with formation of silver iodide. Potamium 
hydroxide does flot act in the cold, bht on warming gives a brownish red 
solution and silver oxide. Ammonium hydroxide dissolves it easily 
forming a red solution. Potassium chloride gives silver chloride and the 
potassium salt recognized by its bluish black color and solubility in alcdKd; 
soditun chloride in saturated .solution acts in the same way. The soluthm 
ai the sodium salt was dark purple. It was more soluble in aloohol 
than the potassium salt. 

When the silver salt was heated with ethyl bromide in a sealed tube at 
xoo® for 6 to 8 hours, silver bromide was formed, and the other product, 
which was orange-red, was freed from the excess of ethyl Ivomide by 
spontaneous evaporaticm, and then trystallized 7 times from akohd, 
when it showed the melting point 183®. The amount left was too smalt 
for further crystallization, or anal3rsis, but we think it safe to infer that it 
was diiododiethaacyquuKnm whidi melts at t86®. lheqtM»i% todoaililie 

> This JomtNAL, 34,703 (1913). " 
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bxM also in these experiments. When the potassium salt was 

heated to 100^ for 36 hours with ethyl bromide, a little diiododiethoxy-^ 
quinone was formed, but the yield was exceedingly small. 

An aqueous solution of the potassium salt (C6I2OC9H&OKO2) gave, after 
standing an hour with barium nitrate, a small bluish black precipitate 
of the barium salt, which proved to be moderately soluble in water, or 
alcohoL With calcium nitrate no precipitate was formed, but on the 
addition of alcohol a small amount of a bluish black calcium salt was ob¬ 
tained. The copper salt was light green. 

DiiodohydroxyethoxyquincmethylhemiaceiaL —When an alcoholic solution 
of soditun ethylate was added to diiodohydroxyethoxyquinone in very 
small quantities at a time, a blackish purple mass was formed at first, 
but upon adding more of the sodium ethylate the whole went into solution 
with an orange-brown color, and then the addition of a dilute acid threw 
down a white precipitate, which could ht dissolved in sodium hydroxide, 
and reprecipitated with dilute acid. No attempt was made to analyze 
it, as its instability forbade thorough purification, even the best specimens 
we obtained showing an orange tint. That it was tlie expected hemiacetal, 
however, vras shown by its properties, and especially by its decomposition 
witli dilute acid, which on gentle warming converted it into an orange-red 
compound, and this after 5 crystallizations from naphtha was proved to 
be tlie diiodohydroxyetlioxyquinone. 

Subst., 0.2090, 0.2760; Agl, <» C*,IcOCiHsOH02 I. 6045 Found: 

I, 60 88, 60.87. 

It would seem from these results that the conversion into the hemi¬ 
acetal was an excellent metliod of purifying the diiodohydroxyethoxy- 
quinone. 

Properties oj DHodohydroxyethoxyetiiyihetniaceiaL -It is probably white 
when pure, but we did not succeed in obtaining it dr>' without an orange 
tint. It is soluble in alcohol, etlier, chloroform, ethyl acetate, or benzene; 
esssentially insoluble in naphtha, carbon disulfide, toluene, or water; on 
wanning with water an orange-red solid is obtained, and the liquid is 
coloi:ed dark purple by iodoanilic add. When heated to 100®, it is con¬ 
verted into the diiodohydroxyethoxyquinone, and tlie same change is 
brought about by gentle wanning with dilute adds. In fact, the sub¬ 
stance shows a strong tendency to lose alcohol under most conditions. 
Acetic anliydride forms with it a red solution. It dissolves easily in sodium 
hydroxide forming the sodium salt, but this was so soluble that we made no 
attempt to isolate it. 

Jlne Aniline Salt of Diiodchydroxyanilinoquinone, 
CtIr{NHC«Hi)(0HNH,C«H*)02. 

—-When 2 grams of diiodohydroxyethoxyquinone, dissolved in 25 cc. of 
alodtol, were treated with aniline, the first few drops produced a vivid 
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dtiA purple C(dor» and^ if the additioti ci the tnilme was cootititiMli ttutil 
the color ceased to becozne deeper, after a short time rosettes of browfiidi 
purple needles were deposited slowly in the cold, at once when hot» and 
the dark color disappeared from the solutian. The salt was purified by 
washing with alcohol. 

Calculated C«IjNHC*H50HNHtCcH60»: I» 45 . 33 * Found: I, 45.22, 45.52. 

Properties of the Aniline Salt —In its preparation it is obtained from 
alcohol in rosettes of brownish piuple needles, which begin to decompose 
at 165®, but do not melt even at 285®. It is soluble in ether, acetone, 
diloroform, ethylacetate, or glacial acetic acid; essentially insoluble in 
ccdd alcohol, tetrachloride of carbon, naphtha, benzene, toluene, or nitro¬ 
benzene, but dissolves in any of these solvents when hot; insoluble in water. 
The solutions are purple, but we found it impossible to crystallize the salt 
without decomposition from any of its solvents. Dilute acids set free the 
diiodohydroxyanilinoquinone. Hot strong nitric acid oxidizes it setting 
free iodine. The action of acetic anhydride will be de.scribed later. 

^Diiodohydroxyanilinoquinone, Ql2(OH)(C«H»NH)Oa.—^Two grains of 
the anQine salt were treated with 30 cc. of dilute sulfuric acid, when the 
color changed at once to a deep blue turning black in a few minutes. The 
filtrate was proved to contain aniline by treatment with bromine. The 
solid after washing with water and finally with a little alcohol was re¬ 
crystallized several times from toluene and, dried at 100®. 

Subst., 02068, 0.2345; Agl, 0.2066, 02362. Calc. CfIi0HC#HiNH02' I, 54*37* 
Found: 54*oo» 54*45* 

Properties of Diiodohydroxyanilinoquinone, —It forms very small navy 
blue crystals, which decompose at about 190®. It is slightly soluble in 
alcohol, chloroform, glacial acetic acid, benzene, toluene, or nitrobenzene; 
easily soluble in ether, ethyl acetate, or acetone; essentially insoluble in 
naphtha, or in cold carbon disulfide, soluble in the latter when hot. Hot 
nitric acid forms an orange-red solution with it. Sodium hydroxide 
dissolves it forming a dark red sedution of the salt, from which an add 
throws down the original substance. This sodium salt could be obtained 
as a dark red solid by treating the free compound with ether and sodium 
ethylate; it is freely soluble in water, or alcohol, and is converted by ex¬ 
posure to the air into a blackish red tar. The pyridine salt is brown. 
The free hydroxy compound, when suspended in alcohol and treated wdtli 
tn-omme Water, forms an orange solution, which gives a ydlow predpitsate 
on dilution. 

When the aniline salt Cj2(C«HftNH)(OHNHsC2Hi)0» was warmed with 
acetic anhydride a dark blue solution was formed sdidifying on cooting 
to a mass of dark blue crystals, which after oTStallization from benzene 
and naphtha began to decompose at about 170% and were soluble in ihost 
of the Oigantc solvents except naphtha. We b^eve the subatance tb bd 



ACnON OF SODIUM HYDROXXDD ON ZODOANXX/. 567 

dModowetoxyaiiiliooc^^ from the following observations. With 
warm sodium hydroxide it formed a dark red solution, and, if heated with 
aniline, gave dianilinoquinone (recognized by the absence of iodine), its 
brown color, scale*like crystals from nitrobenzene, and the crimson solu¬ 
tion with strong sulfuric add, being identical in all these respects with a 
apedmen prepared in the usual way. 

JXiodoacetoxyethoxyquinone, C6ls(OC*H|0)(C*HiO)C)2.—^Two grams of 
the diiodohydroxyethoxyquinone were heated with acetic anhydride in the 
proportion of one molecule to five, tmtil the whole had gone into solution, 
when on cooling orange-red crystals were deposited, which, after being 
freed from acetic anhydride in vacuo, were purified by 5 crystallizations 
from naphtha, and dried at too®. 

Subst., o.24(x>, 0.2030; Agl, 0.2454, 0.2082. Calc. C«IiOCsHtOOCsH»Os: I, 54-95- 
Found: I, 55-27» 55 •44- 

Properties of Diiodoacetoxyethoxyquinone, —Brilliant orange-red prisms 
which melt at 166 ® (uncorr.) without decomposition. It is soluble in alcohol, 
ether, chloroform, acetone, ethylacetate, gladal acetic acid, carbon di¬ 
sulfide, benzene, toluene, or nitrobenzene; nearly insoluble in cold naphtha; 
insoluble in water. Sodium hydroxide converts it into sodium iodoanilate 
slowly when cold, rapidly when hot. The best solvent for it is hot naphtha. 

Although tlie free substance reacted so easily with acetic anhydride, 
strangely enough the dry potassium salt was not affected by it in the cold, 
and gave a black varnish with it on long heating. Acetylchloride in 
excess converted the salt into diiodohydroxyethoxyquinone (Calculated 
I, 60.45; found, 61.28). As the conversion was complete, it could hardly 
have been caused by an impurity of hydrochloric acid. It is strange, 
however, that the excess of acetylchloride did not act on the free hydroxy 
compound under conditions whicli gave complete reaction with the an¬ 
hydride; and also no result was obtained, even w^hen a drop of strong 
sulfuric acid or a little sodium acetate was used as a catalyzer. 

Action of Aniline on Diiodoaceioxyeikoxyqiiinone. —^Three grams of the 
diiodoacetoxyethoxyquinone were dissolved in warm alcohol, and, after 
the solution had cooled, 2 cc. of aniline were added, when the liquid 
turned dark red immediately, and deposited a greenish black solid, which 
was washed with alcohol, as it is only slightly soluble in the cold. Upon 
treatment with hot alcohol the product was separated into a more soluble 
black compound, and erne which was yellowish brown and nearly insoluble. 
The black substance, which is the principal product in tlie cold, was 
purified by crystallization from alcohol, and dried at 90®. 

Sttbst., 0.2250, 0.1988; Agl, 0.2433, 0.1890, Calc. CeUNHCJlftOCiHiOs: I, 5 »- 3 i- 
Found: 1,51.37, 51.39. 

Properties of Diiodoethoxyanilinoquinone* —It crystallizes from alcohol in 
long black shining needles, which melt at 182 (uncorr.) with decomposition. 
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Xt is soluble in ether, diloit^ottn/acetone, acetic ester,’^aibon ^Siislilde,. 
benzene, toluene, ot nitrobenzene, forming dark purple sdutibns; dig^ly 
soluble in cold, soluble in hot alcohol, whidi is the best solvent for it. 
Strong sulfuric add gives a greenish black solution, turning brownish on 
standing, sodium hydroxide does not act in the cold, but on warming 
forms a red solution from which an add throws down a black substance 
probably diiodohydroxyanilinoquinone. 

The yellowish brown product separated from the preceding by its slight 
solubility in hot alcohol was formed in small quantity in the cdid, but 
became the prindpal product, if the aniline was added to a hot alcoholic 
solution of diiodoacetoxyethoXyquinone. It was purified by crystalliza¬ 
tion from toluene. 

Subst, 0.1868, Agl, o 1623. Calc. C*l2(NHC6Hfc)205 I, 46 86. Found* 1 , 46 94 

Properties of Diiododianilinoquinone .—It crystallizes from toluene in 
dark brown needles decomposing at about 220®. It is slightly k)luble in 
chloroform, acetone, acetic ester, benzene, toluene, nitrobenzene, or 
aniline, more soluble hot; essentially insoluble in alcohol, ether, carbon 
disulfide, gladal acetic add, or naphtha. It is decomposed on warming 
with sodium hydroxide forming a yellow solution, which with bromine 
water gives a predpitate of tribromoaniline. The best solvent for it is 
hot toluene. 

Action of Sodium Hydroxide on Bromoanil in Ethyl Alcohol- -Ten grams 
of bromoanil suspended in 50 cc. of ethyl alcohol were treated with 10 
cc. of 50% aqueous sodium hydroxide solution; the solid dissolved at 
once, and soon deposited purple needles of sodium bromoanilate, rec¬ 
ognized by the analysis of the free add after it had been crystallized 
several times from toluene (C«Br2(0H)a02, Br 53.69, found Br 53.65). 
The experiment was repeated several times under varying conditions, 
but in every case the product was sodium bromoanilate. 

In the hope of getting a or 0 addition compounds similar to those 
obtained from tetrabromoorthoquinone iodoanil, or bromoanil was allowed 
to stand for 5 months with methyl alcohol, but no action was observed. 

dAiantR»o». Mass. 


(CoNTRiBunoK nou ttm Chzkical l^AaoiATCttiBS Columbia UNmmsm, No. 231 . ] 

RBSEARCHES ON QUINAZOLINBS. XZZn. ON SOME QINN- 
AZOLONES, BENZIMIDAZOLES, AND RELATED 
COMPOUNDS, DERIVED FROM 
5-PSSUDdCUMIDINB. 

Be Masston Tatlor Boobrt ako Aimiunr Bsndsm. 

ReoeiEsd Jssittttry 27, 1914 

I. Introdoctka, and Diacusiion Results. 

In continnation at the investigations whidi have been going on for 
several years in this laboratory cm heterocydic systems obtainable fivsn 
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vadons 0**amiiio compounds/ we have endeavored to prepare for study 
the 5*ammo*i,2i4*betizene tricarboxylic acid (I), since it presents an in- 

HOOCv 

A A 

teresting combination of an anthranilic with an i?-phthalic structure, and 
further because none of the six possible aniline tricarboxylic acids have 
as yet been described in the literatiue. 

Two lines of approach have been followed towards this goal: (i) s-pseudo- 
cumidine was acetylated and tlie acetyl derivative oxidized; (2) pseudo¬ 
cumene was converted into the 5-nilro derivative, the nitro pseudocumene 
oxidized to the nitro tricarboxylic acid, and the latter reduced. Unfortu¬ 
nately, serious obstacles have been encountered on both paths. 

On tlie first route, the chief obstacle proved to be the oxidation of the 
acetpseudocumidide. Although we tried various oxidizing agents, under 
varied conditions, only once did we obtain any of the acid sought, and then 
only in sufficient amount to carry out a few superficial tests. Plenty of 
the mono- and dibasic acids were separated, but it seemed impossible 
to oxidize all three methyl groups without simultaneously destroying the 
entire molecule, irrespective of whether the initial material was pseudo- 
cumidide, mono- or dibasic acid. This was decidedly disappointing, in 
view of the fact that both amino o-phthalic acids are fairly stable com¬ 
pounds,* as well as the p-diamino terephthalic and the 4,6-diamino iso- 
phthalic acids,* and we had no difficulty in preparing this latter acid by 
oxidation of the corresponding diacetaminoxylene, or in oxidizing 2,4- 
diacetaminotoluene to the corresponding diacetaminobenzoic^acid.^ 
Jannasch and Weiler* met with similar difficulties in attempting to 
oxidize isodurene, C«Ha(CH»)4. When the oxidation was conducted in 
acetic acid solution with chromic anhydride, part of the hydrocarbon 
was unattacked, and part was burned to carbon dioxide and water. With 
very dilute potassium permanganate solution, mono- and dibasic acids 
were produced, but no tetracarboxylic acid. On the other hand, Mills* 
obtained a yield of 85-88% of pyromellitic acid, C«Hj(COOH)4, when he 
oxidized durylic add, (CH*)iC«HaCOOH, with dilute alkaline potassium * 
permanganate solution. 

'Bogert, et a/., This Journai., 3a, 784, 1297. 1654 (1910); 33, 949 (1911); 34 » 
183, 516, 524, 683,1569. 1576 (1912). 

* Bogert and Renshaw, This Journai«, 30, 1135 (1908); Bogert and Jonard, Ibid., 
483 (1909). 

» Bogert and Kropf!, Ibid., 31, 842 (1909). 

< Bogert, Amend and Chambers, Ibid., 32, 1299 (19^0). 

» Ber., 27, 3443 (1894)* 

* J. Chem. Soc.t {London) lox, 2193 (1912). 
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By the second route, we tmveOed fairly smoothly to the point readied 
by Sdiultz and Herzfeld,^ namely the production of the nitro tricarbmcylic 
add by oxidation of nitropseudocumene; but there our di£Sculties began, 
and we have not yet succeeded in getting any satisfactory reduction of 
this nitro add to the amino add. 


Pending further experiments in the production of the tricarboxylic 
odd, we turned our attention to the mono- (II) and dibasic (III) adds ob- 




CH,f >NH, 


ChX icOOH 


HOOCi^COOH 

(HI) 


tained by the partial, oxidation of the acetpseudocumidide. The con¬ 
figuration of these adds indicates that in the oxidation of acetpseudo¬ 
cumidide, under the conditions of our experiments, the methyl group in 
position 4 is first attacked, and then that at 2. 

As both of these are of anthranilic type, they ykldtd acetyl anthranils 
and 4-quinazolones of types IV and V: 



A study of these new compounds disclosed no peculiarities of espedal 
interest. 

By nitration of acetpseudocumidide and subsequent reduction of the 
nitro compoimd, Edler* obtained the 2,4,5,7-tetramethvlben2imidazole 
(VI): 





C.CH, 


(VI) 


We have repeated his work and in addition have fn^pared a number of 
new doivatives of this imidazole, induding the phthalones. 

The prqpionyl derivative of pseudocumidine is also described in the 
following p^es, together with the benzhnidazoles and other* compounds 
obtained from it. By a Friedel*Crafts reaction, the chloroocetyl gtoap 
was introduced but, unfortunately, as Kunckell* has shown in the case 
of the acetyl derivative, this group enters in position 3, instead of 6, so 
that the resulting ketone could not be used for the preparation of substi> 
tuted indigos. 

‘ Bei-., 4a, 3607 (»»»»). 

* Ibid., 18, 630 (1883). 

* Ibid., 33, 365a (1900). 
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Bzperimeatal. 

j^-P9etidocuinidiiie(5-ainmO"i,2,4-triniethylbenzene) was acetylated by 
the action of acetic anhydride upon its solution in glacial acetic add. The 
crude product (yield, 96%) was purified by recrystallization from 50% 
acetic acid, and then formed long colorless needles, melting at 164.5^ 
(corr.). Auwers* gives the melting point as 164*^. 

This pseudocumidide was dissolved in glacial acetic acid and nitrated 
at low temperature with fuming nitric acid, giving the 6-nilro derivative 
in small colorless glassy needles, which were recrystallized until the melt¬ 
ing point remained constant at 199.5° (corr.). Edler* gives the melting 
point as 193-4°, and Auwcrs* as 202-4°. 

By reduction of this nitro acetamino compound, the benzimidazole^ 

y N XV 

>C CHa 

was obtained in minute colorless silky needles, melting at 232° (corr.). 

2,4,5,7-TetfameAiylbemimidazole lodomethylate, CnHuNi.CHtl.—Four 
grams of the above imidazole were dissolved in 200 cc. of benzene, 15 cc. 
of methyl iodide added, and the solution boiled for five hours under a re¬ 
flux condenser. The crude product was recrystallized from 50% alcohol, 
giving minute colorless needles, which darken above 330°, but remain 
uninelted at 350°, and are insoluble in ether. 

Subst. 0.2768, 0.2040; 22 cc. Ns (19** and 750 mm. over HiO>, 0.1526 Agl. 

Calculated for Cj*H|iNjI: N, 8.87; I, 40 14 Found: N. 8.97; I, 40.41. 


i,2,4j,7-PenUmiethylbefmfnidazole lodomeihylate, 

yN(CH,) V 

^N(CH,ir 

—^Pive grams of the above tetramethylbenzimidazole, four grams of 
metallic sodium, 20 cc, of methyl iodide, and 200 cc. of dry xylene, were 

' Ber , 18, 2661 (18S5). 

* Ibid., 18, 629 (18B5). 

* Loc. cit. 

* Edler, Loc. cit. 

This compotiad is not listed in Richter's Lexikon, nor in Kuehliug’s Handbuck der 
SUcksk^ffhaUigeH OrthoemdensaUwspfoducU, In Beilstein’s Handbuck, it is not in its 
proper place in Vol. IV, but appears merely an anhydro base under the nitro acet- 
pseudocumidine (II, 552). 

For convenience of reference, the positions on the benzimidazole nucleus will be 
indicated in the following pages according to the .sj'stem adopted in Richter’s Lexikon, 

7 1 

NHv 

Vh 

- N 


4 


3 
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boiled together for six hours under u teAiix coudeiiser. The iodometfaylate 
separated gradually. After cooling and removal of excess of metallic 
ao^um, the crude iodomethylate was crystallized several times £roi^ 50% 
aloohol, and was thus obtained in minute straw-^x^lored crystals, melting 
at 274-5® (corr.). Yield, 5 g. 

It is soluble in water, alcohol, chloroform, carbon tetrachloride or i^ri- 
dine; practically insoluble in ether, benzene or ligrdb. 

Subst. 0.2336, 0.2009; 17-80 cc. Ni (21® and 749 mm. over H|0), 14.5 cc. Nf (iS® and 
, 763,4 mm. over HjO). 

Subst. 0.2485; Agl« o.iSoi. 

Calculated for CuHnNjI: N, 8.48; I, 38.45. Found: N, 8.51, 8.33; I, 38.89. 

2 -Cinnantenyl-4,s,74rimethylbenzimidasole, (CH2)tC«H[NiH]C.CH : CH. 
CoHb.—An intimate tpixture of six grams of 2,4,5,7-tetramethylbenz- 
imidazole and 3.9 grams of benzaldehyde was heated for two hours at 
180®. When cold, the crystalline mass'was washed carefully with small 
portions of cold alcohol and then crystallized from the same solvent. It 
was thus obtained as a colorless crystalline solid« melting at 257.5® (corr.), 
insoluble in ligroin or ether. 

.Subst. 0.2077; 19.2 cc. Nt (13® and 760 mm. over HsO). 

Calculated for CitHiiNs: N, 10.70. Pound; N. 10.87. 

2-p-Nftrocinnamenyl - 4,5,7 - trimethylbenzimidasole, (CHi)iC«H [NtH JC. 
CH : CH.C«H4.N02 (p), was prepared in a similar manner by heating for 
two hours at 210® an intimate mixture of six grams (one mole) of the tetra- 
methylbenzimidazole with 5.17 grams (one mole) of p-nitrobenzaldehyde. 
The cold crystalline melt was pulverized, washed repeatedly with small 
portions of cold alcohol, and finally crystallized from hot alcohol. It 
separated as a yellow powder, darkening at 280®, and melting at 303-5® 
(uncorr.); easily soluble in isoamyl alcohol, chloroform or acetone; diffi- 
^Itly soluble in ether or benzoie; and practically insoluble in ligroin, 
carbon tetrachloride or carbon disulfide. 

2^4,S,7-Tetramethylbmzimidazole Phthalone, 

—^Tetramethylbeozimidazole (5.8 g.) and pbthalic anhydride (4,36 g.) were 
intimatdy mixed and the mixture heated for three hours at 180°. The 
cooled vitreous melt was extracted with hot 95% alcohol and, as these 
filtered extracts cooled, the phthalone separated in 3reIlow crystals. The 
product was recrystallized until its melting point remained constant at 
296-7 “ {corr.). Yield, 2.8 g. This phthalone is readily soluble in isoamyl 
alcohol or chloroform; slightly soluble in ether, carbon tetrachloride, ace-' 
tone, ethyl acetate or benzene; and insoluble in ligroin or cold aqueous 
alkalies. 
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Subst. o.i$93; 15.3 cc, N* (aa^and 762 mm. over HjO). 

CaJcidated for CjtHiTOsNs: N, 9.21. Found: N, 9.15. 

i 

Pro^onopseudocumidide, (CH«)aCeH2NH.CO.C*H6, was prepared by 
the diftct action of propionic anhydride upon pbeudocumidine. The crude 
product crystallized from 50% acetic acid in colorless needles, melting at 
144® (corr,). Yield, 36 grams from 30 grams of the pseudocumidine. 
It was also prepared by dissolving the pst udocumidine in glacial acetic 
acid, adding the calculated amount of propionic anhydride, heating the 
solution to boiling, and diluting with water. On cooling, the propioiiyl 
derivative crystallized out practically pure. It is easily soluble in alco¬ 
hol, acetone, chloroform or carbon tetrachloride; moderately soluble 
m ligroin, ether or benzene; difficultly soluble in water. 

Subst. o 2246, 14.7 cc. Ni and 761 mm. owr H^Oi 
Calculated for CijHitON Found 7.40. 

6 -Niiro-j-propi(mamino-Jt2f44rimeth)dbenz€nc, (CH3)3C6H(N02)NH.C0. 

—Ten cc. of fuming nitric acid were cooled to —12®, and six grams 
of the above propionyl derivative added slowdy. After standing for a 
.short time, the solution was poured into ice-w^ater, and the precipitated 
nitro compound crystallized from alcohol. Yield, 6.5 g. 

The pure substance forms minute colorless, prismatic crystals, melting at 
167® (corr.); easily soluble in isoamyl alcohol, acetone, chloroform, carbon 
tetrachloride, benzene or pyridine; slightly soluble in ligroin or ether; 
and practically insoluble in carbon disulfide. Boiled for three hours with 
20% hydroc'hloric acid, under a reflux condenser, it dissolved gradually, 
but separated unchanged as the solution cooled. 

Subst 0.1576; 16.6 cc. Na (20® and 758 mm. over HjO). 

Calculated for C{tHi«0»N?: N, 11.88. Found; N. ii.95» 

2^Ethyl-4,3,74nfnethyUmmmid^ {CH3),CaJ[N2HJC.C,Hs. — Ten 
grams of the above nitropropionamino compound were mixed with 30 cc. 
of concentrated hydrochloric add, and granular tin added in small por¬ 
tions. The reduction proceeded smoothly. At its condusion, the solu¬ 
tion was filtered from excess of tin and the hydrochloride of the base pre- 
dpitated by adding concentrated hydrochloric add. Yield, 6.8 g. This 
salt is soluble in water, but is insoluble in strong hydrochloric add. It 
dissolves also in alcohol or pyridine, but not in ether, ligroin, chloroform, 
carbon tetrachloride, acetone or benzene. It melts with decomposition 
at 318-20® (corr.). 

Subst. 0.2508; 27.4 cc Ns (19® and 753 7 ever HsC>). 

Calculated for CwHitNjCI* N, 12 39. Found: N, 12.47 , 

By the action/>f alkalies upon an aqueous solution of the hydrochloride, 
the free imidazole was predpitated. Recrystallized from dilute alcohol, 
it formed minute colorless glassy crystals, melting at 197® (corr.). soluble 
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in iaouns^ akoliol, etter, dbhnSbmi, caibon tetndilorlde. aoetooe, dtt- 
Ikhi disulfide, bensene or pyridine, and practical^ insoiuble in ligtoitt. 

Sidnt. o.i 8 t 8 ; 34.9 cc. Ns (ai * and 756.8 an. over W>). » 

, rate i iahvl 8ar CuHmNs; N. 15.45. Pound: N, 15.59. *w 

CMorofk^ktUk .—^VcHowirii powder, very slightly soluble in water; de- 
mnnposes wltili ewcdutimi of hydrogen chloride at 345-6° (can.). 

Subst. 0.186s; Pt, 0.0460. 

Calculated for (CuHuNtlsHsPtCU: Pt, 34.79. Found: Pt, 34.66. 

lodomethylate. —^Pive grams of the imidazole were dissolved in zoo cc. 
tit benzene, 10 cc. of methyl iodide added, and the solution boiled under 
a reflux condenser. Hie iodomethylate separated gradually as a colorless 
crystalline precipitate. It was purified by recrystallization from 80% 
alcohol and then appeared in minute colorless needles, which darken 
above 300°, and melt with decomposition at 345-6° (corr.). The com¬ 
pound is insoluble in benzene, and but slightly soluble in ether. 

Subst. 0.2345; *7 8 cc. Ni (21 • and 753 nun. over HjO). 

Subst. 0.3020; Agl, 0.1467. 

Calculated for CuHitMtl: N, 8.48; 1 , 38.44. Pound: N, 8.53; I, 39.33. 

j-Chloroacetyl -5- propioHamino-1,2^ - trimetiiylbenzene, (CHa)iC«H(CO.- 
CHiCl)NH.CO.CsH(.—^Ten grams propitmopseudocumidide, 16 grams 
chloroeu»tyl dikride, and 200 cc. of carixm disulfide, were mixed in a fliask 
and 60 grains of powdered aluminum chloride added gradually in small 
portions, shaking the flask well between additions. A copious eviflution 
of hydrogen riilaride ensued and the ketone separated as a flocculent 
solid. After all the aluminum chloride had been added, the mixture was 
allowed to stand for twelve hours. The carbon disulfide was tlien removea 
by decantation, followed by warming and exhausting, ice was added lo 
■the residue in the flask, the ketone filtered out and recrystallized from 
alcohol. Pine silky needles, melting at 181° (corr.), were obtained. 
Yield, 13.5 g. The substance is easily soluble in chloroform, carbon 
tetrachloride, isoamyl alcohol, acetone or pyridine, moderately soluble 
kt ether or benzene, and practically insoluble in ligroin. 

Subst. 0.2246; AgCl, 11.96. 

Calculated for Ci«Hi*OiNCl: Cl, 13.35. Found: Cl, 13.16. 

Boiling for a few minutes with 20% hydrochloric acid splits off the pro- 
pkmyl group, giving the chloroaoetyl pseudocumidine, which has been 
described already by Kunckell.* 

Graebe* found that the chlorine of w-chloroacetophenone could be 
easily converted into the corresponding acetate by boiling with an alco¬ 
holic solution of lead acetate, or into the corresponding alcohol by boil¬ 
ing with an aqueous solution of sodium carbonate <x with lead hydroxide. 
' > Ber., 35, 2653 (1900). 

» Ibid.. 4,35 (1871). 
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Tfae 4!hlorme in the diloroaoetyl {xojnoiiopseudocumidide, we could uot 
displace by sixnilar treatment. 

3-Chloroac0tyl-5-propionoamifw-6-nitro^if2t44rtfnethylbenzene, (CH|)8C«- 
(NOsi)(COCH*C1)NH.CO.CjH8. —^Ten cc. of fuming nitric acid were cooled 
to — 12^9 and five grams of the diloroacetyl propionopseudocumidide 
added slowly in small portions.^ The resulting solution was poured into 
ice-water, the precipitated nitro compound filtered out and crystallized 
from dilute alcohol, giving colorless fine silky needles, melting at 193.2"* 
(corr.). Yield, 3.2 g. It is readily soluble in chloroform, isoamyl alco¬ 
hol, acetic acid, acetone, benzene or pyridine; moderately soluble in ether 
^or carbon tetrachloride; and practically insoluble in ligroin. 

Subst. 0.1829; 14.8 cc. N| (22® and 754 mm. over HtO). 

Calculated for CuHi704NtCl: N, 8.96. Found: N, 9.04. 

394 -Dimeihyl- 6 -ac€toaminobenzoic acid, (CHi)*C«H 2 (NH.COCH 8 )COOH. 
—In the oxidation of acetopseudocumidide by potassium permanganate 
described beyond, some of this monobasic acid was usually encountered. It 
is much more soluble in hot water, or in 50% acetic acid, than the accom¬ 
panying methylacetoaminoisophthalic acid, and this difference in solubilities 
was made use of to separate the two acids. The pure monobasic acid 
forms minute colorless crystals, which melt with decomposition at 248-50® 
(corr.). It is soluble in alcohol or acetone; practically insoluble in 
ligroin, chloroform, carbon tetrachloride, ether, carbon disulfide or ben¬ 
zene. 

Suljst. o.2i<K>; 12.6 cc. Ns (20® and 7574 nim. over Hs()). 

Calculated for CnHwOsN: N, 6.77. Found: N, 6.80. 

Subst 0.1469; 3,08 cc. standard NaOH: Theory*, 3.10 cc. 

By distilling the acid with excess of soda lime, a xylidine was obtained 
which gave an acetyl derivative melting at 98-9® (corr.). Jacobson* 
gives tlie melting point of tlie acetyl derivative of 4-aniino-1,2-dimethyl- 
benzene as 99®. As to tlie other possibilities, the acetyl derivative of 
p-xylidine melts at 180®, and that of as-w-xylidine at 120®. 

Methyl ester, —^Three grams of the acid were dissolved in excess of aqueous 
acid sodium carbonate solution and three grams of dimethyl sulfate added 
in small portions, wanning after each addition. The ester separated in 
flocculent form and was crystallized from 50% alcohol until its melting 
point remained constant at 120® (corr.). Yield, 1.2 g. It forms color¬ 
less silky minute needles, easily soluble in ligroin, chloroform, carbon 
tetrachloride, ether, or benzene. 

Subst. 0.1756; 9.6 cc, Nj (19® and 766 min over IIsO). 

Calculated for CnHuOjN: N, 6.33. Found: N, 6 31 

* Compare Kunckell, Loc. aV, 

* Bet,, 17, 161 (1884).* 
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3,4-Diinetkylctcetmnthfanil, 


jfQQ 

I .-rTm gnuns frf tbe 
^N.COCH, 


above acetamino acid were dissolved in 25 cc. of acetic anhydride* the 
solution boiled for 20 minutes and then concentrated. The crude product 
which separated was purified by repeated crystallization from acetic an¬ 
hydride. It was thus obtained in nearly colorless minute crystals, melting 
at 263.5® (corr.), readily soluble in acetic anhydride, but practically in¬ 
soluble in gasolene, ether or carbon tetrachloride. Yield, poor. 


Subst. o 2617:16.6 cc. Nj (18* and 763 mm. over HjO). 
Calculated for CnHnO»N: N, 7 5. Pound: N, 7.3. 


This anthranil is very easily hydrated to the add. On acting upon it 
with various amines, there seemed to be a general tendency for the con¬ 
densation to stop at the intermediate amide stage, instead of continuing 
to the quinazolone; a difficulty which did not appear in the case of the 
anthranil from the dibasic add. 

2-Aceioamitto-4,s-dt»t^ylbetuxjmuie,(CHt)tC«Ht(NHCOCHs)CO.NHt.— 
Three grams of the above acetoanthranil were dissolved in small portions 
in an excess of concentrated ammonium hydroxide solution; then a little 
potassium hydroxide was added and the solution boiled for an hour. The 
,dear solutum was addified with hydrochl(»ic add, and the predpitated 
amide purified by crystallization from 95% alcohol. It then fomied 
microso^c cream-colored needles, whidi bladcen but do not melt at 340®. 
The substance is very slightly soluble in ether, and practically insoluble 
in water, ligroin, carbon tetrachloride or benzene. 

Subst. 0.2000; 23.2 cc. Nt (18* and 762 mm. over HjO). 

Calculated fbr CuHuOiNi: N, 13.39. Found: N, 13 36. 

2-AceU>amifto-4,5-dimetiiylbensinetkylamide, (CH*)jC«Hi(NHCOCH»).CO. 
NHCHs.—^Three grams of the acetoanthranil were dissolved in 10 cc. 
oS 33% aqueous methylamine solution, a few cc. of a 10% aqueous sohi- 
tioa of potassium hydroxide were added, and the mixture boiled for a few 
minutes. On addifying the cooled solution with formic add, the amide 
separated instead of the expected quinazolone. Recrystallized from alco¬ 
hol, this amide was obtained in microscopic colorless needles, which melt 
with decompodtion at 320-2® (corr.), and are soluble in isoam}d alcohtd 
or benzaldehyde, but practically insoluble in ligroin, carbon tetrachloride, 
ether, acetone or benzene. 

Subst. 0.1425; 15.9 cc. Nt (20* and 766.3 mm. over HtO). 

Calculated for CttHitOiNt: N, 12.73. Found: N, 12.79. 


2,S,6,7-Tek'cm«thyl-4-qmnazolone, CHs.C : N.CiI^(CH«}t.CO.N.CHi.— 
Five grams of the acetoanthranil were dissolved in ten cc. of 30% aqueous 
methylamine solution, 5 ec. of concentrated (i-; 1} aqueous potassnim 
hydroxide solution added, and the mixture boiled under a reflux condmise’ 
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-for two hours. The quinazolone separated gradually. Purified by 
crystallization from 50% alcohol, it formed colorless microscopic needles, 
melting at 210-2*’ (corr.), soluble in benzene, but practically insoluble 
in ether or ligroin. Yield, poor. 

Subst. 0.14CX); 17.4 cc. Ni (19® and 756,3 mm, over H2O). 

Calculated for CuH^ONj: N, 13.86. Found: N, 14.15. 

2-Acetoamifw-4^5-dim€thylh€nmnili^ (CHa)2C«H2(NHCOCH3)CONH- 
CeHft.—Pour grams of the acetoanthranil were dissolved in ten cc. of ani¬ 
line by warming, five cc. of 10% aqueous potassium hydroxide solution 
added, and the mixture boiled for 20 minutes, then cooled, acidified with 
acetic add, and diluted. The white amorphous predpitate proved to be 
the anilide and not the quinazolone. Crystallized from dilute alcohol, it 
was obtained as a cream-colored microcrystalline solid, melting with de¬ 
composition at 307 ° (corr.); soluble in isoamyl alcohol or pyridine, but prac¬ 
tically insoluble in ligroin, carbon tetrachloride, ether or benzene. 

Subst. 0.1792; 15-4 (18® and 760.9 mm. over HjO). 

Calculated for CnHiiOiN*: N, 9.94. Found: N» 9.91. 

2- Aceioamino-4,5-dimeihylbenzhydra$dde, (CHa)2C6H2(NHCOCH8)CONH- 
NHj.—^Three grams of the acetoanthranil were dissolved in an excess of 
aqueous (50%) hydrazine hydrate solution, a little potassium hydroxide 
added and the solution warmed for a short time. When cold, it was 
acidified with formic acid and the yellow precipitate crystallized from 50% 
alcohol. Colorless microscopic needles resulted, melting with decomposi¬ 
tion at 297® (corr.), moderately soluble in ether or pyridine, difficultly 
in ligroin or 50% alcohol, and practically insoluble in chloroform, carbon 

^tetrachloride, acetone or benzene. 

Subst. 0.1637; 26.4 cc. N* {18 5® and 762 mla. over HjO). 

Calculated for CjiHuOiNj- N, 19.00. Found: N, 18.60. 

I I 

3- Amino^2,6j-triniethyl-4-quinazolone, CHfC: N.CeH2(CH|)*.CO.N,NH2. 
—By boiling the above hydrazide with 10% potassium hydroxide 
solution and then acidifying with formic add, this quinazolone was ob¬ 
tained. It crystallized from 50% alcohol in colorless microscopic needles, 
melting at 215® (uncorr.). 

Subst. 0.0938; 17 cc. Nt (18® and 759 mm. over HaO). 

Calculated for CnHifONt: N, 20.69. Found, N, 20.81. 

4- Methyl-6-(Ketoaminaisophthaltc Acid, (HOOC)2C6H2(CH3)NH.COCH8. 
—Oxidation of acetopseudocumidide with potassium permanganate, in 
neutral or alkaline solution, yielded chiefly this dibasic acid, togetlier with 
a smaller amount of the monobasic acetoaminodimethylbenzoic acid al¬ 
ready described. The best results were secured by oxidizing with the 
permanganate at 95-100®, in presence of magnesium sulfate, but even 
then the best yield we could get of the dibasic acid was 25%. 
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1. A mixture of 20 grams of the acetopseudocumididct 30 grams mag¬ 
nesium sulfate and five liters of water, was heated in a large evaporatiiig 
dish at 95-100'’, and a solution of 80 grams of potassium pomanganate 
run in slowly, stirring mechanically. The oxidation was completed in 
three hours. The hot solution was filtered, the filtrate acidified with h3rdro- 
chloric add, and the fiocculent predpitate crystallized from 50% acetic 
add. Colorless microscopic needles were thus obtained, which turned 
yellow and dirunk .at 250-5®, and melted at 278-80® (corr.) with evolu¬ 
tion of carbon dioxide and decomposition. Yidd, 6 g. 

2. Oxidations were also carried out in presence of potassium chloride 
instead of magnesium sulfate. Eighty grams of potassium chloride were 
dissolved in two and a half liters of water, four grams of the cumidide added, 
the solution heated to boiling, stirred mechanically, and a solution of aa 
grams of potassium permanganate gradually dropped in. The oxidatibn 
was completed in two hours, but on filtering and acidifying the filtrate 
with hydrochloric add, nothing predpitated even on long standing. 

3. In this experiment the conditions were exactly the same as in the last, 
except that the oxidation was conducted at 62-4®. After ten hours the 
oxidation was still uncompleted, so about a third of the mixture was re¬ 
moved, the excess of permanganate reduced by alcohol, the solution fil¬ 
tered and addified with hydrochloric add. The predpitate which formed 
softened at 267-70®, but did not melt completely at 300®, and was not 
separated in sufiScient amount for identification. 

The remaining two-thirds of the original mixture were heated five and 
a half hours longer at 80® with constant stirring. Half of this was then 
taken, the excess of permanganate reduced by adding alcohol, the solution 
filtered and addified with hydrochloric add. The amorphous predpitate 
resulting proved to be a mixture of the mono- and dibasic adds. 

The final third of the original mixture, after having stood for 24 hours 
longer at laboratory temperature, was found to have become decolorized. 
On filtering and acidif}ring the filtrate, a beautiful crystalline predpitate 
sqMuated gradually, which proved to be the tribasic add and is described 
beyond. 

4. In another experiment, the oxidation was conducted at 40-50® for 
three days, with constant stirring, and gave only mono- and dibadc adds. 

The dibasic add is easily freed from the monobasic by crystallization 
fjRMn water or from 50% acetic add, in both of whidi the mmiobasic add 
is mudi more sduble, as already mentioned in connection with the latter 
add. 

Hie pure add forms colotiess microscopic needles, which duink some¬ 
what at about 250-5*, and melt with decomposition at about 278-80* 
(eorr.), as noted above. It is easily soluble in alcohol, moderatdy in ace¬ 
tone, and practically insduble in ligroin, chloroform, ether or benzene. 
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Calculated for CnHnOiN: C, 55-66; H, 4.68; N, 5.92. Found: C, 55-56, 55-51. H, 

4.83, 4.83; N. 6.28, 6.23. 

Distilled with excess of soda lime, the acid yielded a toluidine whose 
acetyl derivative melted at 64.8® (corr.). A sample of aceto-w-toluidide, 
prepared from some Kahlbaum w-toluidine, melted at 65.2® (corr.). 
Aceto-o-toluidide melts at 110° and aceto-p-toluidide at 153®. The 
methyl groups of the acetopseudocumidide which have been oxidized by 
the above treatment are therefore those at positions 2 and 4, thus giving 
an isophthalic acid. 

Dimethyl Ester .—Four grams of the acid were dissolved in a solution of 
five grams acid sodium carbonate, causing a marked lowering of tempera¬ 
ture. The solution was warmed gently, about six grams of dimethyl sul¬ 
fate added gradually, and the mixture left over night. The ester separated 
as a flocculent amorphous solid. It was filtered out and crystallized 
from 50% alcohol. Yield, 3.3 g. The pure ester forms colorless silky 
hairs; melting at 138® (corr.) ; easily soluble in chloroform, ether, carbon, 
disulfide, acetone, ethyl acetate, benzene or pyridine; moderately soluble 
in ligroin; and practically insoluble in water. 

Subst (>2513 CO.*, 0.5417, HjO, 0.1278. 

Calculated for CjaHi^OftN: C 58 84; H, 5.70. Found: C. 58 75; H, 5.65 

This compound was also prepared by acetylating the aminomethyliso- 
phthalic ester. 

Diethyl Ester .—Four grams of tlie aminomethylisophthalic ester were 
dissolved in excess of acetic anhydride, the solution evaporated to dry¬ 
ness and the final traces of the anhydride removed by Jea\’ing the material 
in a vacuum desiccator over solid potassium hydroxide. The crude product 
crystallized from 50% alcohol in colorless minute needles, melting at 
116.5® (oorr.); easily soluble in chloroform, ether, acetone, carbon di¬ 
sulfide, etliyl acetate, benzene or pyridine; moderately soluble in ligroin; 
and but veiy^ slightly soluble in hot water. Yield, 4 g. 

Suhst. 0.3001; 12.7 cc, Ni (18° and 760.2 mm. over HsO). 

Calculated for CuHitOjN N, 4.78* Found N, 4.S3 

4-Metkyl-6-amifunsQpkthalie Acid, (HOCX:)2CeH,(CH®)NH2.~-This acid 
was secured by the hydrolysis of the above acetoamino acid. The hydroly¬ 
sis was effected more satisfactorily by acid than by alkali. 

Pour grams of the acetoamino acid were added gradually, with stirring, 
to a hot solution of 15 cc, of dilute sulfuric acid 19 cc. concentrated acid 
and 6 cc. water), the dear solution heated quickly to boiling, boiled for 
about a minute, and then poured into cold water, ^ the amino acid separa¬ 
ting as a flocculent precipitate. It crystallized from water in colorless 
long needles, mdting at 305-8® (corr.), which dissolve in alcohol or acetic 
^ Cotnpsre Mayer, Ber., 44 , 2300 (1911). 
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add, but are practkally insoluble in ligreia, ddorofoRn, ether, etbyl aoS' 
tate or benzene. 

Subst. o.ai33; 14.3 cc. N, (23 ^ and 76a mm. over H« 0 }. 

Calculated for C^HtOiN: N. 7 . 17 . Found; N, 7.11. 

By the action of acetic anhydride, the acetoamino add is reproduced. 

Hydrochloride .—^Three grams of the add were boiled under a reflux 
condenser with 10 cc. of concentrated hydrochloric add. After boiling 
four hours, a dear solution was obtained, and, on cooling, the entire 
contents of the flask set to a mass of needle crystals. These were re- 
crystallized from concentrated hydrochloric add and dried over solid 
potassium hydroxide. They are easily soluble in water, but very diffi¬ 
cultly soluble in cold concentrated hydrochloric add, and mdt with de¬ 
composition at 196-7® (corr.). Yield, 2.8 g. 

Subst. 0.1416; AgO, 0.0870. 

Calculated for CtHioOtNCl: Cl, is-S- Found: Cl, 15.i. 

Dimethyl ester .—^The acetoamino add was used for the preparation of 
this ester. 

Five grams of the acetamino add were suspended in 200 cc. of absolute 
methyl alcohol, the mixture heated under a reflux condenser and saturated 
with dry hydrogen chloride. The acetoamino add dissolved gradually, 
lonning a light yellow solution, and the odor of methyl acetate was noted. 
After passing hydrogen chloride through it for two hours, the hot solu¬ 
tion, which had become a deep red, was allowed to cool. The hydrochlo¬ 
ride of the ester separated in crystals. These were filtered out and a second 
crop obtained by concentration of the mother liquor. The amino ester 
was liberated from this hydrochloride by treatment with sodium carbonate 
solution in slight excess, and then crystallized from 50% alcohol. Fine 
colorless silky hairs resulted, melting at 150 ®(coit.) ; earily soluble in chloro¬ 
form, ether, ethyl acetate, carbon disulfide, benzene or p3rridine; slightly 
soluble in ligroin; and insoluble in water. 

Subst. o.i6ao; 8.90 cc. Ni (19* and 760.4 mm. over H| 0 ). 

Calculated for Cl,HiiO«N: N, 6.38. Pound: N, 6.39. 

After precipitating the free ester from its hydrochloride by the action 
of excess of scxlium carbonate solution, this carbonate mother liquor was 
scidffied and a white flocculent precipitate obtained. Crystallized from 
dilute alcohol, it formed colorless minute needles, melting at 217 ® (unocar.); 
soluble in aqueous alkalies. It is perhaps an add ester. Not enough 
of it was recovered to investigate further. 

Diethyl Ester .—This was prepared in an entirdy analogous mansm:, 
using absolute ethyl alcohol instead of methyl. It crystallized from dilute 
alcohol in straw-j^ellow glassy needles, melting at 103.5® (oocr.); easily 
soluble in ligroin, diloioform, ether, ethyl acetate, carbon disulfide, ben¬ 
zene or pyridine; insoluble in water. 
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Subst. 0.2669; COf, 0.6795; H« 0 ,0.1866. 

Calculated for CwHxtOiN: C. 62.15; 6.B2. Found; C, 62.48; H, 6.98. 

Acetoanihranil of 4-MethyU6-<mino Isopkthalic Acid, 

I-1 

HO(XI(CH3)CaHi.CO.N.COCHt.—^Twenty-five grains of the aoetoaiQino 
add were dissolved in 40 cc. of acetic anhydride, the solution heated just 
below its boiling point until its volume was reduced to 20 cc., and then al¬ 
lowed to cool. The acetoanthranil separated in clusters of microscopic 
yellowish needles, which were recrystallized repeatedly from acetic anhy¬ 
dride, washed with dry benzene and carefully dried. As thus purified, it 
melts at 285-6® (corr.) ; it is difficultly soluble in chloroform or ethyl 
acetate; and apparently insoluble in ligroin, ether, benzene or toluene. 
Moisture rapidly hydrates it, regenerating the acetoamino acid. 

Subst 0.1857; 10.3 cc. Nj (24® and 769 mm. over H* 0 ). 

Calculated for CiiHf04N: K. 6.38. Found: N, 6.30. 

It can be prepared in similar manner from the amino acid itself. 
2-Methyl-4-acetoafiuno-5-carbaminob€nzoic Acid, HOOC(CH8)CeH2(NH. 
C0.CH3)C0NH2.—Four grams of the above acetoanthranil were added in 
small portions to 12 cc. of concentrated ammonium hydroxide solution. 
The reaction was vigorous, the anthranil dissolving to a clear solution. 
This solution was boiled for ten minutes, then cooled, filtered, and acidi¬ 
fied with hydrochloric acid. The precipitated amide separated from 60% 
alcohol in nearly colorless microscopic short glassy crystals, which melt to 
a dark liquid at 303-5® (corr.), and are soluble in acetone, but practically 
insoluble in ligroin, chloroform, ether or benzene. 

Subst. 0,1823; 19.0 cc. Ns (19® and 768.3 mm. over HjO), 

Calculated for CnHnO^Nj: N, 11.87. Found; N. 11.98 

2, y-iyime1hyU4-quinazolone-6-carboxylic Add, 

1 --—I 

CH,.C ; N.C«Ht(CH3)(CC>OH).CO.NH —The acetoanthranil was dis¬ 
solved in concentrated ammonium hydroxide solution, some potassium 
hydroxide was added, the solution boiled about an hour, cooled, and acidi¬ 
fied with hydrodiloric add. The predpitated quinazolone was extracted 
with boiling alcohol; to remove any amide, then dissolved in ammonium 
hydroxide sdution, repredpitated by hydrochloric acid, washed and dried. 
It is apparently insoluble in water, ligroin, alcohol, ether, acetone or ben¬ 
zene; at 340® (corr.), it chars without melting. 

5 kibst. 0.1834; 20.95 cc. Ni (21* and 762.6 mm. over HsOV 
Calculated for CuHi« 0 »Nt: N, 12.85. Found: N, 12.98 

2,3,T-Tnm0thyl-4>^inazoton€-‘6-carboxylic Add, 

CHi.C : N.Cai*(CH,){COOH).CO.N.CH,.—Three grams of the aceto- 
anthranil were dissolved in'eight cc. of 33% aqueous methylamine solu- 
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ts0n»a littk potassium h7dn>3dde aiided, the soUitioti boiled miutitea 

and then neutralized with acetic add. On cooling, the contents of the 
flask set to a crystalline mass of the quinazolone. These crystals were 
separated, wa^ed with hot water, and recrystallized from 95% alcohol, 
until they showed a constant melting point of 299.5^ (corr.). Yield, 1.2 
g« The purified compound forms colorless microscopic crystals, difficultly 
soluble or insoluble in water, ligroin, ether, ethyl acetate or benzene. It 
is easily soluble in aqueous alkalies, and repredpitates when these solu¬ 
tions are addified. 

Subst. 0.1501; 16.1 cc. Ni (20® and 761 mm. over HjO). 

Calculated for Ci2Hi20sNs; N, 12.07. Found: N, 12.22. 

2^7-Dtfnethyl-3-ethyl-4-quiiuizolone-6-carboxylic Acid, 

I-1 

CH 8 .C : N.C6H2(CH«)(C00H)C0.N.C2H6, prepared in a similar manner, 
crystallized from 30% alcohol in colorless silky needles, melting sharply 
(with decomposition) at 250.8^ (uncorr.), and showing much the same 
solubilities as the above trimethyl compound. 

Subst. 0.2170; 21.8 cc. N2 (22® and 758 mm. over H2O). 

Calculated for C11H14O8N2: N, 11.38. Found: N, 11.30. 

2,y-Dimethyl-j-phenyl-‘4-qmnazolone-6-‘Carboxylic Acid. —^Four grams of 
the acetoanthranil were dissolved in 10 cc. of aniline, the solution boiled 
ten minutes, cooled, and neutralized with dilute hydrochloric acid. The 
predpitated quinazolone was crystallized from 80% alcohol, from which 
it separated in minute pale yellow needles, melting at 300-1 ® (corr.), 
practically insoluble in ether or benzene. 

Subst. 0.1578; 13.2 cc, N2 (23® and 765.7 mm. over H2O). 

Calculated for CitHmOjNi: N, 9.53. Found: N, 9.48. 

2,7-Diinethyl-j'^mino-4-quinazolone-6<arboxylic Acid. —^Three grams of 
the acetoanthranil were added in small portions to an excess of aqueous 
hydrazine hydrate solution (50%). The anthranil dissolved with evolu¬ 
tion of heat. Dilute potassium hydroxide solution was added, the liquid 
heated to boiling for a short time, left over night, and then acidified 
with acetic add. The quinazolone separated gradually in minute silky 
needles, which were recrystallized from dilute alcohol. Yield, 2.8 g. It 
*melts with decomposition at 306® ,(corrO» is difficultly soluble in acetone 
and apparently insoluble in ligroin; chloroform, ether, carbon disulfide 
or benzene. 

Subst. 0.2521; 40.4 cc. N2 (20.5® and 765.6 mm. over H2O). 

Calculated for CnHuOsNt: N, 17.95. Found: N, 18.12. 

Acetyl Derivative. —^Three grams of the above aminoquinazolone were 
dissolved in 12 cc. of acetic anhydride, the solution evaporated to small 
volume and then placed in a vacuum desiccator over solid potassium 
hydroxide. The crude product was crystallized first from dilute acetic 
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acid and then from alcohol. Transparent glassy minute plates were ob¬ 
tained, melting at 220® (uncorr.); soluble in ethyl acetate, but apparently 
insoluble in ligroin, ether, carbon disulfide or benzene. 

Subst. 0.1475; 19 cc. Na (19® and 762 mm. over 1120} 

Calculated for CiaHisO^Na: N, 15.27. Found: N, 14 8. 

Evaporation of the amino quinazolone with glacial formic acid failed 
to yield any formyl derivative. 

Benzal derivative, —^When a mixture of three grams of the amino quin¬ 
azolone with excess of benzaldehyde was heated to boiling, water was 
driven out and, on cooling, needles separated. These were recrystallized 
from a mixture of benzaldehyde and alcohol (i : 4), as good crystals could 
not be secured from other solvents tried. The minute straw-colored 
needles so obtained were washed with ether, to remove benzaldehyde, 
and dried. They are soluble in water, ligroin, alcohol or acetic acid, 
but practically insoluble in ether. At 237.5® (corr.), they melt to a clear 
liquid which decomposes at 278® (corr.). The substance decolorizes a 
bromine solution. 

Subst. 0.2032; 23 2 cc. N2 (22® and 760.7 mm. over H2O). 

Calculated for CisHitOaNa: N, 13.09. Found: N, 13 00. 

Dimethyl 4-Meihyl-6-phenyluraminoisophthalatef (CHsOOC)2C6H2(CH3). 
NH.CO.NHCflHs.—Four grams (one mole) of dimethylmethylaminoiso- 
phthalate were dissolved in 60 cc. of carefully dried benzene, 2.1 grams 
(one mole) of phenyl isocyanate added, the solution boiled for two hours 
under a reflux condenser, then concentrated to half its original volume 
and allowed to cool. The crystals which separated were washed with dry 
benzene, to remove any unchanged isocyanate, and recrystallized from 
95 % alcohol. Rosettes of colorless microscopic needles resulted, melting 
at 192.5® (corr.); easily soluble in alcohol, acetone or pyridine, moder¬ 
ately in chloroform or benzene, difiicultly in ether, and apparently in¬ 
soluble in carbon tetrachloride or carbon disulfide. It was not hydro¬ 
lyzed by boiling for three hours with dilute hydrochloric acid. 

Subst. 0.2509; 18.40 cc. Nj (21® and 757 mm. over H2O). 

Calculated for Cj8HigOfcN2: N, 8.19. Found: N, 8.23. 

Diethyl Ester. —Prepared in a similar manner, this ester crystallized 
95% alcohol in colorless microscopic needles, melting at i77'-8® 
(corr.); easily soluble in alcohol, chloroform, ether, acetone, bexizene or 
pyridine; slightly soluble in ligroin, carbon tetrachloride or carbon disul¬ 
fide. Yield, 2.6 g. from 3 g. of the initial compound. 

Subst. 0.2005; cc. Na (20® and 762 mm. over HaO). 

Calculated for CaoHuO^Ns: N, 7.57. Found: N, 7.66. 

Anhydride of s-Acetamino-i,2,4’benzenetricarboxylic Acid, 
yCOy yNHCOCHa 
OC 

^ccr x:ooH 
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describing the prepairatkiii of the aoetoasiiinoxnethyhsofihthalk add 
by oxidation of acetopseudocuxnidide» it is there noted that in one case 
(No. 3), when the oxidation was conducted at moderate temperature 
{62-4^), some of this tribasic acid was isolated. It crystallized from 
water in regular glassy prisms, which fell to powder on drying. This 
powder melts with decomposition at 240-2^ (corr.), and is soluble in 
alcohol, and apparently insoluble in ether. 

Subst. 0.2046; 9.79 cc. Nj (16® and 772 mm. over HsO). 

Calculated for CuHrOeN: N, 5.63. Found: N, 5.64. 

Subst. 0.1989; 9.80 cc. standard KOH solution. Theory for anhydride of the 
tribasic add, 9.80 cc. 

The glassy crystals first obtained by crystallization from water were, 
therefore, probably the acid itself. Unfortunately, tlie amount of sub¬ 
stance isolated was too small for further study, and experiments to secure 
more of it have .so far proven fruitless. An oxidation carried out at lab¬ 
oratory temperature, and lasting 32 days in all, yielded only the mono- 
and dibasic acids. Attempts to oxidize the dibasic acid in various ways 
also proved failures, the acid being invariably either unchanged or else 
wholly destroyed with evolution of carbon dioxide. 

3. Summary. 

1. A number of new derivatives of 2,4,5,7-tetramethylbenzimidazolc 
are described. 

2. Propionopseudocumidide was prepared, and from it the benzimidazole 
and other new derivatives. 

3. Oxidation of acetopseudocumidide gives mono- and dibasic acids. 
Only in one experiment was a small amount of tribasic acid isolated. 

4. The structure of the acids so produced indicates that the methyl 
group in position 4 is first oxidized, then that at 2. 

5. As both the mono- and the dibasic acid so obtained are of anthranilic 
t3qpe, they yield acyl anthranils and 4-quinazolones by the usual methods. 

OiiCANxc Laboratory, Columbia Univbrsxty. 

Nrw York City. 


[Contribution from the Texas Experiment Station. ] 

utilization of the proteins of cotton seed by man. 

By J. B. Rathbr.! 

Received Janttoxy 1, 1914. 

Cotton seed meal has been used, to some extent, as a human food, for 
a number of years in the South. In Texas, at least, it is claimed to be 
iised both by those who are too poor to buy sufiSident meat, and by those 
who use it by preference, mixing it with wheat flour, ^ce cotton seed 
meal contains more than twice as much protein as meat, and dnee it can 

* Under the general direction of G. S. Fraps, Ch^nist. Abstracted by the author 
from Bulktin 163 of the Texas Exptiiment Station. 
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be prepared in palatable form, and is enormously cheaper than animal 
foods, the utilization value of the proteins by man is of practical as well 
as theoretical importance. 

We have been unable to find in the literature any mention of the digesti¬ 
bility of cotton seed meal by man. Mendel and Fine^ reported the re¬ 
sults ot experiments on dogs with cotton seed flour, which is prime cotton 
seed meal, finely ground and freed, as much as possible, from hulls. They 
found that the proteins were utilized on an average 71.6%, as com¬ 
pared with 94% for fresh meat. 

Experimental. 

In the experiments here reported, the cotton seed meal was fed in a 
simple mixed diet of milk, butter, and bread made of corn meal and the 
cotton seed meal, or flour, to be tested. Three men were used in one 
trial and two in the others. In order to get a direct comparison with meat, 
two trials were made with chicken loaf, a canned meat product. While 
this substance apparently did not consist entirely of meat, the average 
utilization was practically the same as Atwater’s average for animal 
proteins. 

The cotton seed meal was ordinary commercial meal. It was sifted 
through a 20-mesh sieve before use. The cotton seed flour was made from 
prime meal by a roller mill process, was practically free from hulls, and was 
very finely ground. The sifted cotton seed meal contained 46.33% 
protein, and the flour contained 50.16% protein. The cotton seed meal- 
corn meal mixture used in the ration, contained com meal, salt, and about 
20% cotton seed meal or flour. The bread was made up with water. 

The digestion trials were conducted in the usual manner. They lasted 
for two days each, charcoal being used as a marker. The amount of pro¬ 
tein in the water-free bread, less the amount of com meal protein in the 
water-free meal mixture, was taken as the amount of cotton seed protein 
fed. The following utilization values for proteins were assumed in the 
calculation: milk 97%, and com meal 85%. 

The results are summarized in the table on following page. 

The utilization value of the protein of cotton seed meal varied from 
74.7 to 80.2%, and averaged 77.6%. That of the cotton seed flour 
varied frotg 79.2% to 79.7%, and averaged 79.5%. We do not attach 
any significance to the difference of these averages. The average of the 
values of both the meal and flour is 78.6%. The protein of cotton seed 
meal and cotton seed flour seem to be equally available to man. The 
average utilization of the meat proteins was 96.6%. Since the proteins 
of cereals are utilized 85% and those of legumes 78%, cotton seed pro¬ 
teins are utilized equally as well as those of legumes, nine-tenths as well 
as those of cereals, and eight-tenths as well as those of meat. 

^ jr. Biol, Chem., xi, z. 
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UnuMTioN OF nn Piuirsms of Coxnnr Sam by Man. 

Proteins. Qrams. 
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Cotton seed meal, man t 

132.4 10.6 
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Cotton seed meal, man 2 

142.6 38.6 
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Cotton seed meal, man 3 
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Cotton seed flour, man i 

108.4 35.5 
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19.5 
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Cotton seed flour, man 2 

122 0 41.4 


59 6 

223 4 

22.3 

201.1 
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Cotton seed flour, aver¬ 
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Meat, man i . 

96-3 23.5 

lOI .5 


221 3 

7.1 

214.2 

113.4 

Meat, man 2 . 

85 0 35.8 

95 0 


215 8 

13.7 

202 I 

112.9 



47.2 79.2 


79.5 


89 2 93.9 


Meat, average. 96.6 

These results are higher than those obtained by Mendel and Fine with 
dogs, relatively (in comparison with meat) about 5%, and actually, about 
7%- 

It is generally considered that man’s utilization of concentrated foods 
is equal to ruminants, but it is interesting to note that ruminants utilize 
88% of the proteins of cottonseed, whereas man utilizes only 78%. 

Summary. 

The utilization values of the proteins of cotton seed meal and flour 
are the same and average 78,6%. Experiments with meat, on the same 
men, showed that 96.6% of the proteins was utilized. 

Cotton seed proteins are utilized by man equally as well as those of 
legumes, nine-tenths as well as those of cereals, and eight-tenths as well 
as those of meat. 

COLX.BG9 Station*, Tkxas. 


{Contribution from the Harriman Research Laboratory, Roosevelt Hospital, 

New York City.] 

ON THE ACTION OF ACIDS UPON FRUCTOSE AND GLUCOSE. 

By M. M. Harrison. 

Received January 15 , 1914 . 

* I. Introductory. 

It has long been known that the two hexoses of invert sugar are more 
or less rapidly acted upon by acids. The effect is of no little importance 
in studies of sugar hy^oljrsis, for the velocity coefficient of the reacti<m 
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can only be calculated on the basis of the rotation observed when inver¬ 
sion is complete. It seemed interesting, therefore, to investigate care¬ 
fully, to just what extent and under what physico-chemical conditions 
the composition, and with it the rotatory power, of an invert sugar solu¬ 
tion is appreciably modified by the action of such acids as are likely to 
be employed as catalyzers of sugar hydrolysis. Incidentally, it appeared 
desirable to reinvestigate the nature of the decomposition itself by physico¬ 
chemical methods, with a view to uncovering something of the mechanism 
of that decomposition. The effect of two acids was studied, viz,^ hydro¬ 
chloric and formic, the former as a representative of the strong mineral 
acids, the latter as a representative of the weaker organic acids, and also 
because it is the catalyzer employed in a reinvestigation of the mechanism 
of sugar hydrolysis at present carried on at Clark University. The effect 
of these acids was studied first on fructose alone and then on glucose 
alone. The physico-chemical changes attending the decomposition could 
be more conveniently followed in presence of the stronger tlian of the 
weaker acid, and consequently most of the experiments recorded below' 
were carried out with hydrochloric acid only. 

2. Decomposition of Fructose by Acids at 6o^. 

The decomposition of fructose by acids has been studied by a number 
of authors under a variety of conditions, the strength of the acid, for in¬ 
stance, varying from o.oi% to perhaps 40% in the case of hydrochloric 
acid. Other acids, too, including sulfuric, nitric, phosphoric and oxalic, 
have been employed in various degrees of concentration. The solutions 
studied have also been considerably varied in sugar concentration and 
the temperatures at which the action was allowed to take place. The 
present study was carried out, for the most part, at 60°, a temperature 
which permitted studying the kinetics of the change with more or less 
precision. A normality of about 0.7 of the hydrochloric acid was found, 
after some preliminary experimenting, to serve my purposes best. 

The solutions were prepared by dissolving weighed amounts of Kahl- 
baum’s fructose (not re-dried) in water, keeping the solution for a time at 
60°, then adding the required amount of acid, making at once the neces¬ 
sary initial observation, then gradually observing the progress of the re¬ 
action in time. The thermostat in which the solutions were kept was 
maintained at 60 =*= 0.05®. The polarimetric measurements were made 
with a Schmidt and Haensch saccharimeter, an incandescent Welsbach 
gas lamp, with a bichromate solution ray filter, being used as a source of 
light. The one decimeter jacketed Landolt observation tube was kept 
constantly at 35*^, the work being carried on in midsummer. For an ob¬ 
servation, a sample was pipetted out at a noted time, thoroughly cooled, 
and usually treated cold with boneblack, which diminished coloration 
and permitted of more precise polarimetric readings. A special experi- 
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ment showed that the botiehlaick treatment did not affect the fotation 
of the sofaitioiis. 

The mcreasang acidity of the soluticm, which is due^ as .will be seen» 
to the appearance of formic and levulinic acids> was also measured by 
pipetting out sufficient samples at noted intervals of time and titrating 
with 0.05-normal barium hydroxide and phenolphthalein. The titra¬ 
tions were carried out in a dosed vessel, and the solution was covered with 
a layer of purified toluene, to avoid any disturbing effect from atmospheric 
carbon dioxide—a practice which has been in use in the Clark University 
laboratories for some years past. A weighing buret was used through¬ 
out. 

Finally, the increasing coloration of the solution, which is due to the 
formation of humin substances, was measured with the aid of an excellent 
Duboscq colorimeter. 

The results of these measurements are recorded numerically in Tables 
WV and graphically in Figs. 1-3. 

Conrad and Guthzeit^ found, as far back as 1886, that fructose is en¬ 
tirely decomposed into levulinic acid, formic add, and humin by heating 
with 5 or 10% hydrochloric add. A few years later, Wohl,* working 
with a 92.3% solution of fructose containing about 0.01% hydrochloric 
add, kept at 100® for one hour, was able to separate an extremely hygro- 
scc^ic “dextrin-like substance,“ which he named levulosin and which he 
supposed to be a mixture of dehydration products of fructose. Its rotatory 
power he found to be about one-half that of fructose. He further states 
that in dilute solution levulosin is changed back to fructose by o.6-normal 
hydrochloric add. Still later, Kiermayer® found hydroxymethylfur^ 
fural, C4H20(CH20H)CH0, as a constant intermediate product m the 
decomposition of fructose. This author believes that the mechanism of 
the reaction consists in the direct transformation of fructose into humin 
and hydroxymethylfurfural, the latter then gradually changing into 
formic and levulinic adds. 

One of the first questions that suggested themselves in the present study 
was, whether Wohl’s levulosin is formed, not only under the particular condi¬ 
tions of his experiments, but also under other conditions, including those 
diosen by myself. A further question that arose was, whether humin 
and hydroxymethylfurfural were formed directly from fructose, or, by a 
secondary reaction, from one of the intermediate products. Finally, it 
seemed desirable to attempt to learn something of the order of the reac-* 
tion, to see whether each single molecule of fructose is attacked by it¬ 
self or whether two or more molecules take part in the reaction together.. 

» Ber„ 19, 2569 (1886). 

*Ibid., 23, 2084 (18^). 

* Chem.-Zig,, 19, 1004 (1895). 
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To establish the formation of levulo^n under the conditions chosen, 
an attempt was made to actually separate this substance from one of the 
solutions. A. solution of Schering’s fructose in 0.7-normal hydrochloric 
acid, having a rotation of —28.2® in a 5 cm. tube, was heated at 60® 
for 84 hours; the precipitated humin was filtered off, and the filtrate neu¬ 
tralized with silver hydroxide. After removing the silver chloride formed 
and decomposing the soluble silver salts of the organic acids with hydrogen 
sulfide, the solution was decolorized with boneblack and the water dis¬ 
tilled off at 30® in vacuo. When dry, the cream-colored residue was dis¬ 
solved in asbolute alcohol and partly precipitated by adding 25%, by 
volume, of absolute ether. The precipitate, a waxy snow-white solid, 
was next washed with absolute ether and dried over phosphorus pentoxide 
in a vacuum desiccator. The product was extremely hygroscopic and 
formed a golden yellow solution in water. An analysis of the substance 
gave the following results: 



I. 

II 

Theory for 
CaHiiOi 

Theory for 
CiHiiO* 


Per cent 

Per cent 

Per cent 

Per cent 

c 

41 9 

41 7 

44 4 

39 9 

H 

6 66 

6 67 

6 2 

6 7 

0 

• 51 4 

51 6 

49 4 

53 4 


These results point to the product being a mixture of fructose, CeHuOe, 
and levulosin, which apparently has the formula CeHioO^, the mixture 
under consideration containing about 57% of fructose and some 43% 
of levulosin. A molecular weight determination by tlie cryoscopic 
method was accordingly expected to give a figure slightly above 170. 
The result actually obtained was somewhat low, about 162; yet it indi¬ 
cates clearly enough the molecular magnitude of levulosin. The nature 
•of the product was further indicated by a determination of its rotatory 
power. If it is a mixture of fructose and levulosin, containing somewhat 
more of the former than of the latter, its rotation should be intermediate 
between that of the two pure substances and somewhat nearer to that 
of fructose. (The rotatory power of levulosin is, according to Wohl, 
only about one-half that of fructose.) Measurement fully bore out this 
conclusion. A 2.32% soln. of the product gave, in a 20 cm. tube at 35®, 
a rotation of —8.2®, and a 4.24% solution, under similar conditions, 
gave a rotation of —14.8®, These figures would indicate the product 
to contain roughly about 60% of fructose and 40% of levulosin. When 
warmed with acid of the same strength (o.7-normal) as used in its forma¬ 
tion, the product underwent a readily measmable change. The solution 
being made more dilute with respect to the produeft, that is, the concen¬ 
tration of the water being made greater than in the solution in which it 
had been formed, the result was an increase in the proportion of fructose 
present, as clearly indicated by the increase of the negative rotation. 
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It seems plain, theieifore, that levulc^ is a <teh3rdratictti product of fruc¬ 
tose and that it is formed from the latter and changed back into it by a 
reversible reaction. 

As has been mentioned above, the decomposition products of fructose 
include, beside levulosin: hydroxymethylfurfural, formic and levulinic 
adds, and humin. The question now presented itself, are these substances 
formed, together with levulosin, dirfectly from fructose itself, or are they 
decomposition products of levulosin? If the latter is the case, as seems 
more probable a priori^ then one would expect, in the first place, the de¬ 
crease of the negative rotation to run a peculiar course. At first, namely, 
the fall in rotation should be rapid, the amount of levulosin being formed 
which is necessary to hold equilibrium to the fructose in the reversible 
reaction. Then the fall in rotation should become strikingly slower, 
corresponding to the undoubtedly slow decomposition of levulosin into 
humin and the other substances mentioned. This is exactly what was ob¬ 
served, as shown by Curve A in Fig. i, which represents graphically the 
data of Table I. 



Some additional experiments indicated that, while under these condi¬ 
tions the solution loses about a fifth of its original rotation in a very few 
hours, loss of the remaining rotation would take at least two months. 

That the formic and levulinic adds fotmd among the final decomposi¬ 
tion products of fructose originate, not from the sugar itsdf, but from an 
intermediate product, was more directly shown by the peculiar course ot 
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Table I. —300 cc. of thb Solution Containbo ioo g. Fructose and 231 g. Water 
AND WAS o.7453 -Normal with Respect to Hydrochloric Acid. 


Time in 
hours. 

Rotation. 

Per cent, 
change. 

Time in 
hours. 

Rotation. 

Per cent, 
change. 

0.0 

-84.5'’ 

0 

6 0 

—72.45** 

14 3 

0.5 

— 82.9 

1.9 

7.0 

—71.55 

15 3 

1.0 

—81 3 

3.8 

8.0 

—70.8 

16.2 

1.5 

—79.9 

5.4 

9.0 

—70.15 

17 0 

2.0 

—78.75 

6.8 

10.0 

—69.6 

17.6 

2.5 

—77.7 

8.0 

12.0 

—68.55 

18 8 

30 

—76.75 

9.1 

14.0 

--67.6 

20 0 

3*5 

—75.85 

10.2 

20.0 

—65.55 

22 4 

4-5 

—74.3 

12.1 

27.0 

—63.7 

24.6 

50 

—73.65 

12.8 

36.0 

—62.5 

26.0 


the gradual increase of acidity. If, namely, the acids were formed from 
fructose directly, their rate of formation would decrease with the sugar. 
Plotted graphically, the gradual increase of acidity would appear in the 
form of a curve concave downward toward the time-axis. If, on the 
contrary, the acids were slowly produced from a more rapidly forming 
intermediate product, then the curve of increasing acidity should exhibit 
two phenomena: it should be concave upward during a first considerable 
stretch, and at its origin, i. e,, at the point / == o, its direction should be 
coincident with that of the time axis itself. The upward concavity of the 
curve would indicate an increasing rate of acid formation due to accumula¬ 
tion of the intermediate product from which the acids are formed. The 
tangency between the curve and the time axis at the very beginning 
would indicate that before any intermediate product has appeared and 
there is nothing but pure fructose present, the rate of acid formation is 
zero. Fig, 2, representing ike actual measurements, exhibits both of these 
phenomena. The measurements are reproduced numerically in Table II. 
Table II. —600 cc. of the Solution Contained ioo g. Fructose and 526 g. Water, 


AND WAS o.7453 -Normal with Respect to Hydrochloric Acid. 


Time in hours. 

Percentage increase 


Percentage increase 

of acidity. 

Time in hours. 

of acidity. 

0 

0.00 

14-75 

0.72 

0.5 

0.00 

17.75 

0 87 

1.0 

0.00 

21.00 

1.2 

1.5 

O.OI 

26.00 

1.8 

2.0 

0.04 

32.00 

2 4 

2.5 

O.IO 

42,00 

3 3 ‘ 

3.5 

0.15 

57.00 

5.4 

4.0 

0.15 

82.00 

9.5 

4.5 

0,16 

97.00 

12.8 

5.5 

0.17 

120.00 

15.5 

6.75 

0.19 

144.00 

17.9 

n.75 

0.58 

168.00 

20.4 

12.75 

0.60 

192.00 

216.00 

24.4 

26 4 
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To express the increase in acidity in percentage form, I determined the 
total acid formed when decomposition was complete, which was attained 
after heating the solution at 75® for eighteen days. It appeared that 



69.7% of the original fructose was finally turned into acids, the remain- 
hig 30% being presumably changed into humin.^ The final normality 
of the organic acids formed was i. 289. 

The rate of humin formation was studied next. The only method from 
which reasonable accuracy might be expected was the colorimetric metliod. 
The color intensity of the investigated solution, just before humin begAn 
settling out of it, was arbitrarily taken as unity, and the coloration grad¬ 
ually increasing to that point when expressed in fractions of that unit. 
The results are shown graphically by Fig. 3. ^ 

As in the case of acid formation, the curve of increase of color intensity 
is concave upward. This shows that, like formic and levulinic acids, 
humin is produced mainly from an intermediate product. If none were 
produced from fructose directly, the curve would also be tangent with 
the time axis at the origin, as in the case of the curve of acid formation. 

^ One of the sets of data given by Conrad and Guthzeit {he, cit.) indicates that 
under their working conditions about the same percentages of the fructose are changed 
into acids and humin, respectively. 
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This tangency is not indicated by tlie figure. However, in view of the 
inaccuracy of colorimetric measurement in the early stages of the decom¬ 



position, the question as to whether absolutely no humin is formed directly 
from fructose, remains undecided. 

It remained to take into account the constant occurrence of hydroxy^ 
methylfurfural among the decomposition products of fructose, as observed 
by Kiermayer.^ That, however, this substance, again, is not directly 
produced from fructose, appears from the following consideration: Hy- 
drox)rmethylfurfural is present at any time during the decomposition 
only in small quantities. Kiermayer showed that, in the presence of 
acids, pure hydroxymethylfurfural is rather rapidly decomposed into 
formic and levulinic acids, which indicates that the acids of fructose de¬ 
composition are likewise the immediate offspring of hydroxymethylfur¬ 
fural. If, now, hydroxymethylfurfural itself came directly from fruc¬ 
tose, its rate of formation would diminish with the disappearance of the 
sugar, and the result would be a correspondingly diminishing rate of forma¬ 
tion of the acids. As a matter of fact, the rate of acid formation, as shown 
above, is not decreasing, but increasing. Hence hydroxymethylfurfural 
appears to come, not from fructose itself, but from some substance into 
which the sugar is first transformed and whose amount in solution increases 
during the earlier stages of the decomposition. 

Remembering, finally, that no humin-like substance is known to be 
produced from hydroxymethylfurfural, and barring the formation of still 
other intermediate products as yet undetected, the mechanism of the de- 
‘ Loc, cit. 
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oomposition of fructose by adds may therefore be pictured by the folBbw* 
ing scheme: 

Hydroxymethylfurfural —► Formic and levuUnic adds 

t 

Fructose Levulosin —> Humin 
Other substances than those mentioned in this scheme have, as just 
stated, not yet been isolated. That, however, the scheme does not fully 
represent the mechanism of fructose decomposition, and that at least 
one further intermediate compound—^more or less ephemeral—^must 
form, is clearly indicated by a further step to which the employment of the 
kinetic method has led. Early in the study I undertook to ascertain 
how many fructose molecules take part in the decomposition reaction. 
Two solutions were prepared. One (already mentioned above) contained, 
in a total volume of 300 cc., 231 g. of water and 100 g. of fructose. The 
second contained, in the same volume, again 231 g. of water and only 50 
g. of fructose, the volume occupied in the first solution by the additional 
50 g. of fructose, being in the second solution filled with 47.8 g. of manni¬ 
tol. Both solutions were 0.7453-normal with respect to hydrochloric 
acid. This procedure for making the pair of solutions exactly equal 
in both acid and water concentration and differing in sugar concentra¬ 
tion only, is similar to that recently employed by Rosanoff, Clark and Sib¬ 
ley^ in a study of the order of the sugar hydrolysis reaction. The progress 
of the reaction in the first of the two solutions is already recorded in Table 
I, above, and graphically represented by Curve A, of Fig. i. The progress 
of the reaction in the second solution is shown by Curve B of the same 
Pig. I and is numerically recorded in Table III: 

Table III. — ^300 cc. op the Solution Contained 50 g. Fructose, 231 g. Water 
AND 47 8 g. Mannitol, and was o 74S3-N0RMAL with Respect to Hydro¬ 
chloric Acid. 


Time m 
hours 

Rotation 

Per cent 
change 

Time in 
hours. 

Rotation 

Per cent, 
change. 

0 

—42.23* 

0 

3.0 

—40.2* 

4.8 

0 s 

—^41.8 

1 0 

4 0 

—39 7 

6 0 

I 0 

’-41.45 

I 9 

6 0 

—39 0 

7 7 

I 5 

-“ 41 .1 

2 7 

7 0 

—38 75 

8 3 

2 0 

—40 8 

3 4 

8 0 

—38 5 

8 8 


In general, if n molecules of a substance take part in a reaction, and the 
initial concentrations of that substance in two given cases are respec¬ 
tively, a and 6, then the rates of disappearance of the substance in the two 
cases are respectively described by the following equations: 

~ ==k {a — xY and ^ - fe (& — »)", 
dt cLt 

1 This Journal, 33i (1911) 
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where x is the amount that has disappeared at the time t, and k is the veloc¬ 
ity coefficient of the reaction at the given temperature. If the rate of 
disappearance is expressed in percentages of the initial qnantities, as is 
generally done, then the two equations must be written in the form: 

and •“'‘“S _ fe (6-,)-'. 

at at 

Denoting these two relative rates of change by the symbols Va and Vf, 
we get from the two equations, by sample algebraic transformation: 



If the decomposition of fructose were not complicated by the consecutive 
reactions discussed above, this equation might be employed with refer¬ 
ence to any moment in course of the decomposition. But in view of the 
complicating reactions that set in as soon as levulosin has made its ap¬ 
pearance, the equation might be legitimately applied only with reference 
to the first instant of the fructose change, when nothing but pure fructose 
is present and that is just entering the first stage of the decomposition re¬ 
action. At that instant x — o and the equation just given becomes* 



In the solutions under consideration tlie initial concentrations, a and 6, 
of fructose were respectively, loo and 50 g. per 300 cc,; their ratio, there¬ 
fore, was exactly 2, The ratio Ta • at the point t — o was obtained 
with the aid of curves A and B of Fig. i by reading off the two x's (observed 
percents change) corresponding to the time f == 2 hours and dividing the 
greater x by the smaller, then reading off the x*s for the time ^ 4 hours, 

etc. These x ratios were next plotted against the corresponding times, 
and the resulting curve (nearly a straight line) was extrapolated to the 
axis < 0, the point of intersection of this axis giving the required ratio 

Va : Vf, at the time ^ = 0. This ratio was found to be about 2.03. Hence, 
by the equation just given, n ~ 2.02. In other words, the first step in 
the change of fructose by acids is a himolecular reaction. Since, as is shown 
above, the molecular weight of levulosin corresponds to only CeHioOe, 
the conclusion may be drawn with considerable certainty that the change 
of fructose into levulosin proceeds tlirough the intermediate formation 
of a disaccharide, which changes reversibly into fructose as well as into 
levulosin. That this disaccharide should escape detecliou is not strange 
if one bears in mind that disaccharides usually undergo very nearly com¬ 
plete decomposition in the presence of acids. 

In the kinetic study just outlined, two solutions were employed in which 
the concentrations of both acid and water were the same. Considered 
as reaction media, the two solutions were similar, on account of the physico- 
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chemical similarity of fructose and maimitol. The solutions were s6 tnade 
up for the purpose of avoiding any such catalytic effect of water as has 
been observed in the case of sugar hydrolysis, and in this manner I was able 
to determine exactly the order of the decomposition reaction with respect 
to fructose. In order, however, to find out whether water would really 
have any specific effect, a still further experiment was instituted, em¬ 
ploying a solution containing the same relative amounts of acid and of 
fructose as the one into which mannitol had been introduced, but this 
time replacing the mannitol by water. The results are numerically re¬ 
corded in Table IV and are graphically represented by Curve C of Fig. i. 

Table IV. —600 cc. or Solution Contained ioo g. Fructose and 526 g. Water 
AND WAS o 7453 -Normal with Respect to Hydrochloric Acid. 


Time in 


Per cent. 

Time in 


Per cent. 

hours. 

Rotation. 

change. 

hours. 

Rotation. 

change 

0 0 

— 41 - 5 '’ 

0.0 

7.75 

—38.0® 

8.4 

0.5 

-—41.15 

0 8 

8.75 

“37 7 

9.1 

1.0 

—^40.8 

1 7 

9 ^ 75 

- 37-45 

9.8 

I-S 

—40.5 

2 4 

10.75 

—37 - 25 

10.2 

2.0 

—40.2 

3.1 

11-75 

“ 37-05 

10.7 

2.5 

—^40.0 

3.6 

12.75 

—36.85 

II .2 

3.0 

—39 7 

4-3 

14-75 

—36.45 

12.1 

3.5 

—39.5 

4.8 

17 75 

- 35-95 

13-3 

4.0 

— 39-2 

5*5 

21.00 

““35 45 

14.6 

4*5 

—390 

6.0 

26.00 

—34 75 

16.2 

5.5 

—38.7 

6.7 

32 00 

— 34-55 

16.7 

6.75 

—38.3 

7.7 





Curves B and C in Fig. i show that water has a distinctly depressing 
effect on the velocity of decomposition. This might be expected in view 
of the reversibility of the fructose-levulosin transformation, the fructose 
molecule being levulosin plus the elements of water. That, however, be¬ 
sides this expected mass action, water exerts also a special catalytic effect, 
is plain from the fact that Curves B and C start out at appreciably differ¬ 
ent angles from the very point t = 0. Since in the beginning no levulosin 
is present, the water can exert no mass action, and therefore its depressing 
effect upon the initial velocity of the reaction can only be considered as 
negatively catalytic. We have, then, here another reaction in wliich 
water acts as a negative catalyzer, as it does in the case of sugar hy¬ 
drolysis.^ 

3* Decomposition of Fructose by Acids at Ordinary Temperatures. 

The physico-chemical conditions employed were now changed to re¬ 
semble more closely those likely to be maintained in sugar hydrolysis 
experiments. A new set of solutions was exposed to the temperature of 
the laboratory. The kinetic experiments described above had shown 
the decomposition of fructose to be a bimolecular reaction and hence to 
^ Rosanoff and Potter, This Journal, 35 f 248 (1913). 
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proceed at a relative speed proportional to the sugar cencentration. In 
view of this result, it was necessary to investigate a series of solutions vary¬ 
ing in fructose content up to the highest limit that may be expected to 
occur in sugar hydrolysis work, namely, about 30% of fructose, correspond¬ 
ing to about 60% of uninverted cane sugar. Two acids were employed, 
for reasons already stated in the introductory section above. The strength 
of formic acid was varied up to four times normal, that of hydrochloric 
up to about one-half normal. 

In the case of hydrochloric acid it will suffice to mention only the most 
significant results: (a) A solution containing about 19% of fructose 
and about 0.089 HCl per liter showed an initial rotation of —49.8°. 
Four days later the rotation was exactly the same. When the solution 
had stood for fifteen days, the observed rotation was —^49 .7 Thus, 
when cane sugar is inverted with o.i-normal hydrochloric acid at ordi¬ 
nary temperatures, the final rotation is attained long before an apprecia¬ 
ble decomposition of the fructose present has set in, even if the original 
cane sugar solution be not less than 40% strong. No correction of the 
observed final rotation is required. (6) A solution containing about 20% 
of fructose (i. e., corresponding to a 40% cane sugar solution), and 0.447 
mols HCl per liter showed an initial rotation of —51 9®. It was found 
to change at the rate of about o 09® Ventzke per 24 hours. With such a 
solution, a day is more than sufficient for obtaining the required final 
reading, and as a change of 0.09° V. in that final rotation has no appre¬ 
ciable influence upon the magnitude of tlie hydrolysis constant, it is plain 
that at least the fructose decomposition calls for no correction. In still 
stronger hydrochloric acid solutions a rapid appearance of color and de¬ 
crease of rotation was observed. But solutions stronger tlian half-normal 
with respect to hydrochloric acid, and containing more than 40% of cane 
sugar, are not likely to be employed in studies of the velocity of hydrol¬ 
ysis. 

In the case of formic acid it was found: (a) Strong fructose solutions 
0.4-normal with respect to formic acid suffer no change in rotation in 
77 days, probably in a much longer time yet; (6) Strong fructose solutions 
o.8-normal with respect to formic acid likewise undergo no detectable 
change in 77 days, (c) Douhle-normal formic acid produced in 77 days 
no change in solutions containing respectively, 14%, 16% and 25% of fruc¬ 
tose. Even in a 28% solution, corresponding to about 56% of cane sugar, 
the change produced by double-normal formic acid in 77 days was scarcely 
sufficient to affect the calculated velocity coefficient of sugar inversion. 
Moreover, as experience in the Clark University laboratories has shown, 
forty days are far more than sufiSicient for the attainment of the “infinity'" 
reading in formic acids of usable strength. 
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4. The Decomposition of Glucose by Adds at 7s**. 

The experimental method exployed in the case of glucose was for the 
most part rimilar to that described above in connection with fructose. 
In the case of glucose it was found to be mote convenient to use mono¬ 
chromatic light in measuring the changes of rotation. As a source of 
extremely brilliant sodium light a polarimeter lamp was used devised by 
M. A. Rosanoff and kindly placed by him at my disposal. The tem¬ 
perature of the thermostat, on account of the slower decomposition of 
glucose, was set at 75“, as compared with the 60® employed in the case 
of fructose. No boneblack was employed. 

At lower temperatures and under the influence of concentrated hydro¬ 
chloric add, glucose condenses to the disaccharide isomaltose, as shown 
by Emil Fisher.^ 

The question now arose whether the same condensation would take 
place under the very different conditions of my own experiments. A so¬ 
lution containing per liter 500*g. of glucose*and o. 7 mols HCl was kept for 
48 hours at 75®. The insoluble humin formed was filtered off, and the 
dark brown filtrate was rendered neutral with an excess of silver hydrox¬ 
ide. The organic silver salts now in the solution were decomposed with 
hydrogen sulfide and the solution freed from the latter by boiling. After 
diluting and nearly heutralizing with sodium hydroxide, brewer’s yeast 
was added and the solution allowed to stand at 32-35 ®. The rotation of 
the solution, originally 40®, was found at the end of 60 hours to have 
fallen to 18.9®. Subsequently no further change could be detected. 
A solution containing nothing but pure glucose, when similarly treated 
with yeast, lost its rotation completely. Obviously, the solution under 
investigation had contained another active substance beside glucose. 
To isolate that substance, the solution was separated from the yeast by 
filtration, evaporated in vacuo, to a thick sirup, and precipitated with 95% 
alcohol. 'The precipitate was redissolved in a small amount of water and 
about three-quarters of it again precipitated out with alcohol. The new 
precipitate was treated in the same way. The precipitate obtained in 
this last operation was again dissolved in water, alcohol was added to in¬ 
cipient precipitation, the first amount of precipitate formed was removed, 
then the precipitation was copipleted by the addition of an equal volume 
of ether. Finally, the precipitated sticky substance was transferred 
to a smaller vessel by once more dissolving in a small amount of water 
and then evaporating and drying the residue in vacuo over phosphorus 
pentoxide. The residue was identified as isomaltose, which is now jgmex- 
ally accepted to be identical with the “gallisin” of Schmitt and Rosenhek.* 
Two cryoscopic determinations gave the molecular weights, respectively, 
* Ber., 23, 3687 (1890). 

*lHd„ 17, 3456 (1884). 
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326 and 332, in snftiicient agreement with the theoretical molecular weight 
of isomaltose, 342. The specific rotation of the substance in 4.62% 
solution was found to be [a]j^ = 84.1®. According to a formula given 
Schmitt and Rosenhek, the rotation of a solution of that strength should 
be [aji) = 84*4'^- 

The question as to whether the huniins are formed directly from glu¬ 
cose or from isomaltose was studied colorimetrically very much as in the 
case of fructose. The results are graphically represented by Fig. 4. 



Since only glucose was present at first, the upward concavity of the 
curve demonstrates that humin is formed, not from glucose directly, 
but from some intermediate transformation product, possibly isomaltose 
itself, but perhaps more probably from an undetected transformation 
product of isomaltose, corresponding to the levulosin yielded by fruc¬ 
tose. In this case again, if no humin whatever were formed from glu¬ 
cose directly, the curve would be tangent to the time axis at the origin. 
Such tangency is not indicated by the figure. The point, however, as in 
the case of fructose, must be considered as tmdecided in view of the com¬ 
parative inaccuracy of the colorimetric observations in the early stages 
of the decomposition. 

The formation of considerable amounts of isomaltose from glucose indi¬ 
cates that, unlike most disacdiarides, which are hydrolyzed by aqueous 
acids all but completely, isomaltose undergoes hydrolysis to a distinctly 
limited extent, like esters. Under these circumstances it appeared possi¬ 
ble to show that it is the isomaltose and not the glucose that changes 
into the later decomposition products, by studying the behavior of the two 
substances in separate solutions. Two solutions were prepared contain¬ 
ing about 0.7 mol. of hydrochloric acid per liter and equivalent weights. 



6oo 


M. HARRISON. 


respectively, of isomaltose and glucose. The two were placed in a thermo¬ 
stat kept at ICO® and their changing rotations were observed at short 
intervals of time. The results are reproduced in Tables V and VI, and are 
graphically shown by I^ig. 5. Time was reckoned in minutes. 

Tabuh V. —100.36 g. Solution Contained 9.5919 g. Isomaltose (2 X 0.0561 
Mol) and was o . 7453-NoRMAL with Respect to Hydrochloric Acid. 


Time in minutes. 

Rotation. 

Time in minutes. 

Rotation. 

0 

23 75 

90 

16.4® 

XO 

21.95 

110 

16.1 

20 

20.65 

140 

15-7 

30 

19.8 

180 

15 7 

40 

18 3 

240 

15 65 

50 

17 7 

300 

15 65 

70 

16 9 



Table VI.—100.36 

g. Solution 

Contained 10 0965 g 

Glucose (0 0561 

AND WAS 0 

7453-Normal with Respect to Hydrochloric Acid. 

Time in minutes. 

Rotation. 

Time in minutes. 

Rotation. 

0 

16.1® 

60 

0 

q 

10 

16.4 

80 

17.05 

20 

16 7 

120 

17.05 

30 

16 9 

180 

17.0 

40 

16.95 




If either of the substances merely changed into the other and under¬ 
went no further decomposition, the same rotation would finally be attained 
in both solutions, corresponding to the equilibrium point of the reversible 



reaction involved. In the figure, the two curves would run into coinci¬ 
dence with one and the same horizontal line. If it were the glucose that 
suffered decomposition, its curve would never rise high enough to attain 
that horizontal line, for the decomposition is attended with destruction 
of rotatory power. In that case, also, the curve corresponding to the iso¬ 
maltose solution would be depressed. But while the depression for the 
glucose solution would, from the very beginning, be considerable, owing 
to the large amount of glucose present, and the consequently rapid rate 
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of its destruction, the depression of the curve of the isomaltose solution 
would in the early stages be very slight indeed, corresponding to the in¬ 
significant amount of glucose present and the consequently slight rate of 
its destruction. In other words, tlie upper curve in the figure would 
follow a practically unchanged course, while during the same time the 
lower curve would be considerably depressed. Instead, tlierefore, of 
soon merging into the horizontal equilibrium line, the two curves would be 
separated. But the figure indicates an entirely different phenomenon; 
the two curves intersect at an early stage of the process. This indicates 
that the actual change has depressed the upper curve far more than the 
lower one, i. e., that the destruction of the rotatory power proceeded much 
faster in the isomaltose than in the glucose solution. The conclusion 
follows that it is the isomaltose that undergoes further decomposition 
and that any direct decomposition of glucose is very slight indeed, if it 
takes place at all. 

In conclusion, the order of the glucose decomposition was investigated 
kinetically, to ascertain whether in this case also, as in that of fructose, 
the reaction is bimolecular in its early stages, indicating that the first step 
in the change is the formation of a disaccharide. Two solutions were 
prepared, containing, respectively, 150 and 75 g. of glucose per 300 cc. 
and both o*. 7453-normal with respect to hydrochloric acid. The tem¬ 
perature was again 75°. Properly speaking, the two solutions should 
have also been made equal in water concentration, but this was not feasi¬ 
ble on account of the limited solubility of mannitol, which I desired to em¬ 
ploy as an equalizer of the volumes (as in the case of fructose above). 
The results are reproduced by Tables VII and VIII and by Fig. 6. 



Owing to the larger amount of water in the more dilute solution, the 
lower curve is appreciably depressed (negatively catalytic effect of water), 
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and'the ittifial orda of the reaction appears to be, not 2, but about 2.4. 
However, in view of the results in the case of fructose, there can be no serious 
doubt but that the glucose decomposition is strictly Infnolecular in its 
earliest stages. Both monosaccharides, then, begin by changing into di- 
sacdiarides, and next, probably, both disaccharides, by further loss of 
water, split up into molecules with six carbon atoms. In the case of fruc¬ 
tose it is the disaccharide that decomposes with great rapidity, while its 
decomposition product levulosin, CaHioOt, is comparatively stable. In 
the case of glucose, on the contrary, it is the disaccharide isomaltose, 
CuHssOu, that is comparatively stable. 

Tabu VII. —^300 cc. of Solution Contained 150 g. Glucose and 195 g. Watbk 

AND WAS O 7453-NoitMAL WITH RESPECT TO HYDROCHLORIC AciD. 


Timt in 
hours. 

Rotation. 

Per cent 
change. 

Time in 
hours. 

Rotation. 

Per cent, 
change. 

0 

79 * 15 ** 

0 

6.0 

86.05** 

8 7 

I .0 

81.1 

2.5 

7.0 

86.60 

9.4 

1 .5 

81.7 

3.2 

8.5 

87 -35 

JO 4 

2.0 

82.35 

4.1 

10.5 

88.10 

11 3 

2.5 

83.0 

4.9 

13-5 

89.05 

X2.5 

3.0 

83 *55 

S-6 

18.0 

89.8 

13.5 

3‘5 

84.1 

6 3 

23.0 

90.8 

14.7 

4.0 

84.6 

6.9 

31 0 

91.5 

15 6 

5.0 

85.4 

7-9 




Tablb VIII.- 

—About 300 

CC. OP Solution Contained 

75 8- Glucose 

AND 244 

Water and was 0.7453-N0RNAL with Respect to Hydrochloric Acid. 

Time In 
hours. 

Rotation. 

Per cent, 
change. 

Time in 
hours. 

Rotation. 

Per cent, 
change. 

0 

390® 

0 

12.0 

41.05® 

5-3 

1.0 

39.35 * 

0.9 

15*5 

41.25 

5 8 

2.0 

39-6 

I 5 

18 5 

41.35 

6.0 

3.0 

39 85 

2 2 

22.5 

41.45 

6 3 

5 0 

40.20 

3.1 

27-5 

41.6 

6 6 

7.0 

40.60 

4-1 

32 5 

41-65 

6 8 

9.0 

40.75 

4-5 





It may be added that in the stronger of the two glucose solutions just 
mentioned, the limit toward which the ratio isomaltose: glucose tends is 
about 2/3. In the more dilute solution that ratio appears to be roughly 

i/s- 

The final decomposition products of glucose, formic and levulinic adds, 
and a mixture of soluble and insoluble humins,^ appear to be identical 
with those of fructose. On the other hand, as already stated above, the 
two adds are immediate decomposition products of hydroxymethylfur- 
fural. The processes of decomposition in the case of glucose and of fruc¬ 
tose would thus seem to be strictly analogous. X^e assumption that glu- 
]• 

^ Conrad and Guthzeit, Loc. cit, Kiennayer, Loc, ciL Van Bkenstein and 
Blankszna, Ber,^ 43^ 2355 (1910). 
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cose is partly changed into fructose, recently made by H. Koenigsfeld,^ is 
apparently without foundation. 

5* Decomposition of Glucose by Acids at Ordinary Temperatures. 

The results of the preceding section show that glucose decomposes 
far less rapidly than fructose, and since it was found that even the rate of 
fructose decomposition is not rapid enough to vitiate the final polari- 
metric reading in ^ordinary sugar hydrolysis, it was to be expected that 
danger from the decomposition of glucose was to be feared even less. 
Nevertheless, a few experiments were instituted to test the point directly. 

A solution containing 0.179 mol HCl per liter and no less than 52% 
of glucose showed no change in rotation in 12 days; in 25 days the rotation 
was found to have changed only slightly over 0.3%. Even a solution 
nearly 0.9-normal with respect to hydrochloric acid and containing 27% 
of glucose was found to have changed its rotation only 0.25% in 25 days. 
A solution similarly strong in hydrochloric acid and containing no less than 
43% of glucose showed no change of rotation in 7 days, and only 0.2% 
change in 12 days. Similarly, a solution containing 28% of glucose and 
two mols of formic acid per liter showed a change in rotation of only little 
over 0.2% in 76 days. Finally, a 24% solution of invert sugar containing 
two mols of formic acid per liter did not show the slightest change of 
rotation in 76 days. It is thus plain that under all ordinary circumstances 
the observed ''final" rotation of an inverting sugar solution is entirely 
reliable and needs no correction. 

In conclusion, I wish to thank Professor M. A. Rosanoff, of Clark Uni¬ 
versity, for invaluable help in preparing this paper. It is further a 
pleasure to express my appreciation to Dr. W. G. Eyle and Mr. P. A. Kober 
of this laboratory for their kindly interest in the work. 

WoscBtTSR. Mass. 


ICONTWBUTION FROM THIS CHEMICAL LABORATORY OF THE UNIVERSITY OF COLORADO.] 

THE ACTION OF ACETIC ANHYDRIDE ON SOME BENZYLIDENE 
ANTHRANILIC ACIDS. IH. 

By John B. Ekhlby and L. Cecsi. Slater. 

Reedved January 10, 1914. 

Ekeley and Dean* and Ekeley and Clinton® have shown that acetic 
anhydride reacts with benzylidene anthranilic acids with the formation 
of acetylketodihydrobenzmetoxazines, according to the following reac¬ 
tions: 

* Biochem. Z., 38, 310 (1912) 

* This Journal, 34, 161. 

^ Ibid., 2S2. 
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/N/COOH 

+ (CH,C 0)20 = 

= CHR 


O COCH, 

\/\ ^ 

^ ^N—CHR 

I 

COCH, 



This paper will describe the benzylidene anthranilic acids obtained 
from (?-chlorobenzaldehyde, w-chlorobenzaldehyde, />-chlorobenzaldehyde, 
m-toluylaldehyde, /irtoluylaldehyde, and m-oxybenzaldehyde, and the 
benzmetoxazines obtained from them by means of acetic anhydride. 

O’Chlorobenzylideneanikrantlic Acid ,—^This benzylidene product sepa¬ 
rates out in solid form, when molecular proportions of anthranilic acid 
and o-chlorobenzaldehyde are brought together in cold alcohol solution. 
Recrystallized from alcohol, it yields colorless crystals. M. p. 130°. 

Calc for Ci4Hio 02NCI. N, 5 39, found N, 5 o. 
o-Chlorophenylacetketodihydrobenzfnetoxazine .— o-Chlorobenzylidenean- 
thranilic acid was heated with a slight excess of acetic anhydride on the 
water bath for several hours. On cooling the solution, the oxazine ays- 
talUzed out in colorless crystals, which, after being preswsed out on a porous 
plate, were recrystallized from benzene. M. p. 154°. 

Calc, for CwHmOsNCI N, 4 64, found N, 4 62 
m-Chlorobenzylideneanthranilic Acid .—^The aldehyde and acid react in 
cold alcohol solution, so that in a few minutes the solid acid may be fil¬ 
tered off, pressed out on a porous plate, and recrystallized from toluene. 
Colorless crystals. M, p. 174®. 

Calc for C14H10O2NCI: N, 5.39; found N, 5 39. 
m-Chlorophenylacetketodihydrob^nzmetoxazine .—^The above benzylidene 
anthranilic acid was heated several hours on the water bath with an ex¬ 
cess of acetic anhydride. The excess anhydride was driven off by heating 
the reaction mixture with methyl alcohol, after which, on cooling the prod¬ 
uct, the oxazine crystallized out. Recrystallized from methyl alcohol, it 
yielded colorless crystals. M. p. 171®. 

Calc, for CieH^OaNCI: N, 4 64; found. N, 4 4, 
p-Chlorobenzylideneanthranilic Acid .—Molecular proportions of jp-diloro- ^ 
benzaldehyde and anthranilic acid were allowed to react by pouring the' 
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molten aldehyde into a concentrated alcohol solution of the acid. Re- 
crystalHzed from alcohol, the reaction product gave colorless crystals. 
M. p. I36^ 

Calc, for C14H10O2NCI: N, 5-39; found: N, 5 4 
p-Chlorophenylacetketodihydrobenzmetoxazine. —^This was (j]:)tained in 
the same manner as the corresponding 0- and w-compounds. The crude 
product was recrystallized from benzene. Colorless crystals. M. p. 
187°. 

Calc, for CifiHiaOaNCl. N, 4.64; found. N, 4.8 
m-Toluylideneanthranilic Acid. —m-Toluylaldehyde reacts with anthran- 
ilic acid in concentrated alcohol solution in the cold. On allowing a small 
quantity of the solution to evaporate on a watch glass, crystals are ob¬ 
tained which, on being added to the original solution, caused it to solidify. 
The crude acid after being pressed out on a porous plate and recry stall izcd 
from alcohol yielded colorless crystals. M. p. 149°. 

Calc, for CisHisOaN: N, 5 57; found: N, 5 5 
m-Methylphenylacetkeiodihydrobenzmetoxaztne. — m-Toluylcneanlhranilic 
acid was heated with an excess of acetic anhydride at a tempt'rature just 
below the boiling point of the anhydride for four hours. At the end of 
that time the vapor of the anhydride was drawn off by suction until the 
solution was concentrated enough to yield crystals, when a small amount 
was removed and treated with a drop of methyl alcohol on a watch glass. 
On seeding the original solution with these, the oxazine crystallized out. 
It was recrystallized from benzene, 3delding colorless crystals. M. p. 

145 

Calc, for CitHisOjN. N, 4 98; found. N, 4 62 
p-Toluylideneanthranilic Acid. —/>-Toluylaldehyde reacts with anthranilic 
acid in cold alcohol solution. A small amount of the solution was placed 
on a watch glass and allowed to evaporate. The original solution was 
seeded with the crystals thus obtained, whereupon the /?-toluylidene- 
anthranilic acid crystallized out. Yellowish crystals from alcohol. M. p. 

Calc, for CisHisOiN: N, 5 57; found. N, 5 5 
p-Methylphenylacetketodihydrobenzmetoxazine. —This compound was pre¬ 
pared in a manner analogous to that used in the case of the corresponding 
m-compound. The crude product, recrystallized from methyl alcohol, 
gave colorless crystals. M. p. 121®. 

Calc, for CitHioOjjN- N. 4 98; found: N, 4 76 
m-Oxybenzylideneanthravilic Acid. -This compound was prepared from 
m-oxybenzaldehyde and anthranilic acid in a manner analogous to the 
methods used in the preceding cases. Yellow crystals from alcohol. 
M. p 175°, with decomposition. 

Calc, for Ci4Hu 03N: N, 5 80; found: N, 5.6. 
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Acetyl-m-<»cyphenylacetig 0 tadikydrob«Hgmet 03 eaaim .— ^This was pr^a t ad 
as in the oUier cases hy treating the above benzylideneanthraaffic add 
on the water bath with an excess of acetic anhydride. In this case, as 
in the case of the corresponding o- and p- compounds described by J^eley 
and Dean,^ the hydrogen of the phenol group has been replaced by acetyl. 
The crude compound was recrystallized from benzene, yielding colorless 
crystals. M. p. 124°. 

Calc for CigHisOfiN: N, 4.31; found: N, 3.99. 

Repeated attempts to obtain oxazines using anisylaldehyde, piperonal, 
and furfuryl aldehyde have failed. It is not clear wherein the diflSculty 
lies. 

Boui;dsr, Colorado 


NOTE. 

A Case of Potassium Cyanide Poisoning. —Certain data recently ob¬ 
tained in a toxicological investigation seem worth putting on record. 
A man died from drinking whisky containing an unknown amotimt of 
potassium cyanide. The autopsy was performed about six hours after 
death, and the stomach and intestine placed in glass jars, where they re¬ 
mained unopened until four days after death, when the analysis was com¬ 
menced. 

Potassium cyanide was determined by the well-known method of acidi¬ 
fying with tartaric acid and distilling with steam, adding borax to the 
distillate and distilling again, and then treating this distillate with silver 
nitrate to precipitate silver cyanide, which was filtered out, dried, and 
weighed. 

The stomach measured nine and one-half inches along the lesser curva¬ 
ture, and twenty-five and one-half inches along the greater. There were 
dark areas along the greater curvature, and the wall in places was ab¬ 
normally red. The rugae were well obliterated. The contents were 
acid to litmus, and consisted of an undigested meal. The weight of the 
stomach wall was 288 grams, and of the stomach contents 1014 grams. 

A portion of tlie stomach contents weighing 349 grams, in which hydro¬ 
cyanic acid was determined five days after death, showed that for the 
whole stomach contents 0.053 gram potassium cyanide would have been 
necessary to produce the amount of hydrocyanic acid present. A portion 
of the intestine analyzed at the same time gave no cyanide. To test 
the rate of decay of the hydrocyanic acid in the stomach contents, the 
unused material was placed in a glass stoppered bottle and allowed to 
stand for several weeks. A portion weighing 143 grams, analyzed 23 
days after death, gave 0.039 gram potassium cyanide for the whole stomach 
contents. A third portion, weighing 310 grams, analyzed 76 days after 
* This Journal, 34, 164. 
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death, showed no hydrocyanic acid present. The material showed no 
marked decomposition. 

A portion of the stomach wall, about one square inch in area, taken 
when the analysis was begun four days after death, extracted with 0.4% 
hydrochloric acid gave a solution which did not dissolve fibrin. A solu¬ 
tion from a stomach wall where death has been due to natural causes will 
ordinarily do so after that length of time. M. P. Cram. 

Bowdoin Collsos. Brunswick. Mains 


CORRECTION. 

THE MOLECULAR REARRANGEMENT OF TRIARYLMETHYL- 
HYDROXYLAMINES AND THE “BECKMANN” RE¬ 
ARRANGEMENT OF EETOXIMES. 

By Julius Stisolite and Paul Nicholas lessen. 

Through an oversight in the final editing we have given (Vol. XXXVI, 
p. 297) the proportions by weight of aniline hydrochloride and chloro- 
aniline hydrochloride obtained in the rearrangement of parachlorophenyl- 
diphenylmethylhydroxylamine. The molal ratios are: 

Line 24, 28% chloroaniline, 72% aniline. 

Line 29, 31.5% chloroaniline, 68.5% aniline. 

Line 30, 28% chloroaniline, 72% aniline. 

The provisional conclusion based on these results (p. 287), that “roughly 
two-thirds** of the substance rearranges to form aniline and one-third to 
form chloroaniline is little affected by this correction. 

Chicago. Feb, 7, 1914 


NEW BOOKS. 

A Textbook of Chemistry. By William A. Noyes, Director of the Chemical Labora¬ 
tory of the University of Illinois. Henry Holt & Co., New York, 1913* xv -f* 602 
PP- 13-5 X 20,5 cm. Price, $2.25. 

This new text by Professor Noyes marks a decided step forward in the 
presentation of the facts and theories of general chemistry. The brief 
introduction and very early entrance upon equations (p. 21) are special 
features of the book. The usual discussions on the gas laws follow in 
close order with good illustrations, but, in the minds of the great majority 
of chemists, it is doubtful if Avogadro*s hypothesis (here called a law) 
would be construed as other than an h)q>othesis. It is pleasing to note the 
absence of the term “equivalent weight,” a term that has too long out¬ 
lived its usefulness and only served for the confusion of the beginner. 
Graphical formulas meet with an early introduction, simplifying re¬ 
markably such discussions as the Weldon process for chlorine. The 
chapter on the Periodic System is introduced just after chlorine and pre¬ 
ceding the chapter on the halogen family (Chapter X). It is surprising 
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that the oxygen acids of bromine receive so little mention and Hie oirides 
and oxygen acids of iodine none at all. The formulas, CIO2 and NOj, 
represent dioxides and not peroxides, if our acccepted definition, likewise 
acceded to by the author, is correct. The Phase Rule, first discussed 
in the study of water, is made to serve the student in the study of chlorine 
hydrate, plaster of Paris, and in other instances. Furthermore an in¬ 
teresting exposition of the electron theory is made to explain the formation 
of sulfurous and sulfuric acids from their anhydrides, the phenomena of 
ionization, the formation of ammonium salts and the functionary properties 
of the metals. It is well, however, for the elementary student that the 
paragraphs on the Phase Rule, at least, are marked with an asterisk and' 
left to the discretion of the instructor. At the end of Chapter XI on 
sulfur a number of the figures representing crystal systems are inverted and 
others show poor alignment; the term ‘‘regular’* system is a misnomer for 
cubic system-—all systems are regular. Chapters XII to XV include a sys¬ 
tematic study of the elements of group V of the Periodic System, whereavS 
chapters XVI to XX are given over to the study of carbon and its deriva¬ 
tives, with chapter XXI concluding the study of the elements of group IV. 
The careful attention given to the ionization of hydrogen sulfide (pp. 
167-70), and of orthophosphoric acid (pp. 250-2), as well as to colloidal 
solutions (pp. 262-3) and to a method for the determination of the atomic 
weight of an element (p. 130), deserve especial praise. Professor Noyes 
suggests the term “Formular” (p. 183) for solutions containing per liter 
one formular weight. This seems indeed more desirable than the oft- 
used “molar” in that the exact formula, simple or polymeric, upon which 
the solution is based, must also be given. In no text on general chemistry 
does the subject of carbon receive such full and ample treatment as is 
contained in these few chapters. The alcohols, aldehydes, ketones, acids, 
carbohydrates, amines, dyes, alkaloids, and proteins receive a brief but 
systematic and clear presentation, and contribute greatly to the store of 
knowledge which should be readily accessible to a student undertaking 
the study of a truly “general” chemistry. Chapter XXII introduces 
a study of the metals in relation to the non-metals; here also is to be 
found an excellent discussion on the role of indicators. The subject of 
amphoteric electrolytes might better have been given a short discussion, 
with illustrations, at this point in order to avoid repeated definitions at 
every recurrence throughout the text (pp. 206, 265, 483, 499). In the 
chapters on the metals (XXIII to the final XXXIII inclusive) many 
recent discoveries have been described. Thus, together with brief de¬ 
scriptions of all the rare metals and their uses we find also stated: A new 
method for preparing aluminium oxide from clay, the fireproofing of cotton 
goods, Werner’s theory for the two isomeric hydrates of chromic chloride 
and also for the cobalt amines, the improvements in the open hearth 
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process for steel, the detection of nickel as nickel dimethylglyoxime, 
etc. Throughout the text, numerous questions are submitted to the 
student. These, we fear, too often must find answers in larger reference 
volumes. Thus the difference in action of sulfuric acid toward potassium 
bromide and potassium chloride is noted, but the final and more com¬ 
plicated reaction toward potassium iodide is made a problem for the 
student (p. 145). The author, moreover, is inclined to open discussions 
upon certain classes of compounds before any actual description of the 
several members. For example, the hydrides of Group V are studied in 
connection with phosphine; again the properties of antimony and bismuth 
sulfides are discussed with arsenic sulfide, etc. These and many of the 
theoretical considerations stamp the text as one primarily for the advanced 
student —such discussions necessarily broadening his knowledge and 
extending his vision over the field as a whole; but for the student without 
previous training his all too short powers of vision are more than likely 
to be strained and he himself lost in an interminable forest. For such, 
however, the volume will admirably serve as a reference text. It is to 
be regretted that the many citations to the literature are placed in the 
body of the text instead of in the less conspicuous footnote. The ex¬ 
ercises at the end of the chapters are excellent, comprising a wealth of 
material alike instructive to all. In the exercises on pages 156-9 the 
method of constructing graphical formulas is given witli a clearness and 
detail found in but few texts. Indeed, this volume by Professor Noyes 
stands unique among texts on general chemistry in the wide application 
made of graphical formulas; a question open often to objections if too 
far pressed but one tliat can hardly fail to appeal to the students’ imagina¬ 
tion and to impress where other means have failed. The text is com¬ 
paratively free from misprints, well indexed, clearly printed and service¬ 
ably bound. W. J. Hale. 

Mesiire de la vitesse de la lumidre. Etude optique des surfaces. M6moires de Leon 
Foucault. Paris: Armand colin. pp. 122, 12 X 20 cm. Paper. Price, 1.30 
francs. 

This publication is volume II of the series of scientific classics pub¬ 
lished under the direction of H. Abraham, H. Gautier, H. Le Chatelier 
and J. Lemoine. The pamphlet presents a brief biographical sketch of 
Foucault and his original researches on the velocity of light and on optical 
surfaces. It is gratifying that these classical papers are thus made avail¬ 
able to a larger circle of scientists. Their content is, of course, primarily 
of interest to the physicist. T. Kahlenberg. 

Mendelejeff’s Periodic System of the Elements. By John Nesbit Swan, Mon¬ 
mouth College, Monmoutli, Illinois. Price for sample copy $0.10, loo copies for 

$500. 

The symbols and atomic weights of the elements arranged in the periodic 
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system &tt prinled on a card 35 cm. square, with the thought that students 
might have these cards in their rooms and that frequent reference to sudi 
a card would be useful. w. a. n. 

Ban oiygSnSe et ozone. M^moires de Thskard, Schosnbbin, Db Marignac, Sorbt, 
Troost, Hautbfbuhxb, Chappuis Paris: Armand Colin, pp. iii, 12 X 20 
cm. Paper. Price, i .20 francs. 

This is volume III of the series of scientific classics just mentioned. 
The editors have rendered a real service in thus bringing together and 
presenting in an attractive form the masterly work of Thenard on hy¬ 
drogen peroxide, and the papers of Schoenbein, Marignac, Soret, Troost, 
Hautefeuille and Chappuis on ozone. These papers have appeared in the 
Comptes Rendus and the Annales de Ckimie et de Physique, Besides pre¬ 
senting the original researches, the publication contains a brief bio¬ 
graphical note of each author. The very interesting letters of Schoen¬ 
bein to Arago, and of Marignac to Dumas are also presented. These 
classical researches which have thus become available to many readers 
in an attractive form, should certainly prove to be a source of inspiration 
to students of chemistry. The editors are to be congratulated upon their 
work. L. Kahi^enberg. 

From the Letter-Files of S. W. Johnson. Edited by his daughter, Euzabbth A. 
Osborn^. Yale University Press, 1913. pp. 292. $2.50 net. 

Rare indeed in the biographical contributions of the present day are the 
instances where the letters and papers of a distinguished man of science 
are either available or suitable to give a comprehensive picture of his 
personality. Biographies are, as a rule, individual estimates fortified 
here and there by the more objective impressions which surviving frag¬ 
ments of what the subject has said or done may afford. With com¬ 
mendable judgment and critique Mrs. Osborne has succeeded in making 
the selections from the letter-files of her honored father tell the story of 
his aspirations and his struggles in the varied fields of effort that he entered. 
They bring into relief his trials and victories in the days when modem 
diemistry had its beginnings in America; they give an impression of the 
character and temperament of a man with a high purpose, and of the 
surroundings and circumstances in which he chose to live and work. Out 
of a wealth of material represented by long treasured human documents, 
interspersed with the discriminating explanatory narrative of a devoted 
admirer of scientific work, has been spim the account of how young Ameri¬ 
cans entered the world of scientific endeavor two generations ago. We 
get glimpses of Erdmann, Liebig, von KobeU and other worthies in their 
European homes. Then follows the story of some of the early struggles 
of the school of science at Yale. But the diief interest centers in the 
foremost activity with which the name of Professor Johnson is to be 
associated,_namely, the propaganda and unfl^ging campaign resulting 
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in the establishment of the system of Agricultural Experiment Stations 
in the United States. The Station started in Connecticut in 1877, and 
of which Professor Johnson was the first director, was the earliest per¬ 
manent organization of the kind in America, the forerunner of the splendid 
movement which has prepared the way for the application of scientific 
methods and results to the improvement of Agriculture. No man has 
felt more keenly than Professor Johnson that the professional agricul¬ 
turalist trained in science is “the indispensable instrument for the agri¬ 
cultural salvation of our coimtry.*' Two of Professor Johnson’s books: 
“How Crops Grow” and “How Crops Feed” have probably been more 
widely read than any other American work on Agricultmal Chemistry. 
They were devoted to the belief that “agricultural chemistry has ceased 
to be the monopoly of speculative minds and is well based on a founda¬ 
tion of hard work in the study of facts and first principles.” 

A few references of this sort must here suffice to recall the debt which 
chemistry in America owes to the modest yet forceful writer and organizer, 
the chemist and science-preacher who died in 1909. This biographical 
volume is the engaging narrative of a useful career, certain to bring cheer¬ 
ful recollections to the older chemists and engender inspiring reflection 
among the younger workers of this country. Lafayette B. Mendel. 

Jacobus Henricus van’t Hoff; sein Leben und Wirken. von Krnst Cohen, Professor 
an der Reichs-TJniversitat 2u Utrecht. Mit zwei Graviiren und 90 Abbildungen. 
pp. 638, Leipzig: Akademische Verlagsgesellschaft m. b H., 1912. Price, 16 
Marks. 

This life of van’t Hoff by his long-time assistant and friend, Ernst Cohen, 
is literally a “labor of love.” Cohen knew van’t Hoff as few others have 
known him, and here plays somewhat the role of Boswell to his master. 

The characteristics which marked the subsequent career of van't Hoff— 
independence of thought and action—early manifested themselves. The 
modem writers appealed to this Dutch youth more than the ancient; 
and he seems to have^been greatly infiuenced by Byron, Bums and Heine. 

In chemistry, van*t Hoff’s originality soon began to assert itself. He 
went to Bonn at the age of 20 to work with Kekuld, who was then at the 
height of his career; but the chemistry of Kekuld did not appeal to van’t 
Hoff; it did not appear to him to lead anywhere. It dealt systematically with 
the beginning and end of chemical reactions, but disregarded the inter¬ 
mediate stages, which, to van't Hoff’s mind, were the most important. 

Van’t Hoff, after a short stay with Kekul^, in Bonn, and Wiirtz in 
Paris, retiuned to Holland to work out his own chemistr}^ The result 
was that at the age of 22 he published a brochure of eleven pages in Dutch, 
which was the beginning of stereochemistry, or chemistry in three di- 
mentional space, and which was destined to become the philosophy of the 
diemistry of carbon. 
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His next gr^at work was in connection with the velocity and equilibria 
of chemical reactions; and this was followed in 1887 by what is now 
regarded as van't Hoff's greatest contribution to science; the applicability 
of the gas laws to the osmotic pressure of solutions. 

It is worth noting that van't Hoff, being born in 1852, had published 
three epoch-making contributions to chemistry when only thirty-five 
years old. 

The book in question deals not only with these, but with the lesser 
contributions of van't Hoff to chemical science. Cohen's life of van't Hoff 
is written in that clear and interesting style, for which its author is dis¬ 
tinguished. The genuine enthusiasm and admiration of the student for 
his teacher, of the coworker for his master, not only one of the very greatest 
chemists, but one of the greatest men of science of all times, pervades the 
entire work and gives to it a peculiar life and charm. 

Harry C. Jones. 

Theories of Solutions. Svantij Arrhenius pp xx and 247. Yale University Press, 
$2 25 net. (Second printing ) 

This volume contains the Silliman lectures delivered by Arrhenius at 
Yale in 1911; its scope is best indicated by the chapter headings: Short 
History of the Theory of Solutions; The Modern Molecular Theory; 
Suspensions; The Phenomena of Adsorption; The Analogy between the 
Gaseous and the Dissolved State of Matter; Development of the Theory 
of Electrolytic Dissociation; Velocity of Reactions; Conductivity of Solu¬ 
tions of Strong Electrolytes; Equilibria in Solutions; The Abnormality 
of Strong Electrolytes; The Doctrine of Energy in Regard to Solutions. 
In these lectures the author tries “to exhibit such facts as have not in a 
higher degree attracted the attention of the authors of text-books in this 
branch, and thereby to give a broader and more complete view of the 
exceptionally fertile field which we cultivate." From this, and from the 
above list of headings, one would expect to find the whole subject treated 
with a breadth of view not usually found in discussions of this general 
topic; and this expectation the reader will find to be amply realized. In 
any critical survey of such a controversial field, there are sure to be in¬ 
dividual differences of opinion on points the definite elucidation of which 
will require further, and appropriate, experimental work; but the re¬ 
viewer knows of no better presentation of the subject matter, and of none 
in which the relations betwen so many different lines pf evidence are 
marshalled and the substantial concordance of the conclusions derived 
from these various lines so well shown forth. The value of the book is 
enhanced by a bibliographical list, covering twelve pages and containing 
many references not commonly known, and by good indices of subjects 
and authors. John Johnston. 
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lUUUocktive Substanzen und ihre Strahlungen. By K. Rutherford. Akademische 
Verlagsgesellschaft: Leipzig, 1914. p. 642. 

This book constitutes Vol. 2, of the Handbuch der Radiologie edited 
by Dr. Erich Marx of the University of Leipzig. Vol. i on “Die Ionisa¬ 
tion der Gase“ will shortly be issued. Vol. 3, “Die Glimmentladung, die 
Kathoden und Rontgenstrahlung, und der lichtelektrische Effekt,“ 
and Vol. 4, “Theorie des Elektrons und der Rontgenstrahlung “ 
will appear later. The present volume is a straight translation of Ruther¬ 
fords “Radioactive Substances and their Radiations/* without changes 
or additions of any kind. This book is now too well known to require 
further description. The translation was made by Prof. Marx under the 
supervision of Prof. Rutherford. R. B. Moore. 

Metallographie. Kin ausfiihrliches Lehr- und Handbuch der Konstitution und der 
physikalivschen, chemischen nnd technischen Eigenschaften der Metalle und mclal- 
lischen Legierungen, von Dr W Guertler Privatdozent an dcr Konigl. 
Technischen Hochschule zu Berlin Erster Band Die Konstitution Heft 7-12, 
pp. i-lv, 449 1177. Berlin, Verlag von Gebruder Borntrager 

In these volumes, which have appeared from time to time during tlie 
past year the author brings to a conclusion the first volume of his treatise 
on the constitution of the metals and their alloys. He has proceeded in 
the same orderly manner and has discussed critically and with great 
thoroughness the equilibrium diagrams of all those metals not treated 
in the first six parts (Review, This Journal, 35, 221). In undertaking 
such an enormous task the author is to be congratulated on making such 
excellent progress. It is natural that some parts of the work may not 
contain the last word, as is the case with the brasses but in a subject 
which is developing so rapidly this is to be expected. 

Heft 7 concludes the zinc alloys, considerable discussion being given 
to the brasses and to the alloys of zinc with Ag, Au and the platinum 
group of metals. The alloys of Cd with Cr, Mn, Fe, Co and Ni and with 
Ag, Au and the platinum group are discussed; also the amalgams of the 
group Cr, Mn, Fe, Co, Ni, and Cu, Ag, Au and the platinum group. 

In Chapter IX, the author discusses the binary alloys of the group 
Tl, Pb, Bi with each other and with members of tlie group Hg, Cd, Zn 
and Mg; and in Chapters X-XII, the commercially important group 
of alloys of Pb, Sn and Sb with the other metals. The interesting group 
of alloys of As, P, Te, Se, and S with the metals is treated in Chapters 
XIII-XVII. It is much to be regretted that the author decided not to 
include with this group the oxides. 

Heft 12 is devoted to a table of contents, a most satisfactory index with 
many cross references, and a general index of all systems, classified by the 
symbols of the elements. Henry Fay. 
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QtiiJititfttife Chemical Analysis. By CHAions M. AuMv, Head of Departomt of 
Chemistry, Pratt Institute, Brooklyn, New York. (One of a series of *'Loose Leaf 
Laboratory Manuals" edited by J. M. Jameson, Pratt Institute.) New York: 
John Wiley & Sons, Inc. Copyright, 1913* Paper covers, 21 X 26 cm. 

In paper covers and bound together by a couple of paper fasteners, we 
have here directions for some thirteen exercises in quantitative analysis 
accompanied by a like number of sheets of test questions and problems to 
correspond. Each set of directions consists of perhaps 5 or 6 pages, and 
each set of exercises thereon of perhaps i or 2 pages, bringing the number of 
pages in the example before us to about 86. The publishers announce that 
** single pamphlets and problem sheets are furnished if desired,*' and point 
out that the size of the sheets is the same as that of an ordinary t)rpe- 
written page; so that any teacher is at liberty to synthesize from these 
printed and from his own typewritten sheets, collected within an ordinary 
notebook cover, as heterogeneous and flexible a manual as he may wish, 
including nothing extraneous to the work of his own comrse. This idea 
has certainly some points to recommend it. 

The titles of the **pamphlets" are these: general processes of gravimetric 
analysis, analysis of barium chloride, of magnesium sulfate, of potash 
alum, of limestone, general processes of volumetric analysis, analysis of 
adds and alkalis, of hardness in water, of iron ore, of chlorine in bleaching 
powders, determination of oxidizing power of pyrolusite, of sulfur dioxide 
in sulfite and also of hydrogen peroxide. The publishers state that 
other analyses are in preparation. 

There are those of us who are greater purists in terminology, and who 
make more of a fetish of high accuracy even with beginners; but both 
directions and test questions are very clear and practical; they are well 
printed and well illustrated, upon a serviceable paper; and their teachable 
character is likely to commend itsdf to many. Alan W. C. Menzies. 

Quantitative Analysis in Practice. An Introductory Course Designed for Colleges and 
Universities. By John Waddell, Ph.D., Assistant Professor of Chemistry, 
School of Mining (Queen’s University), Kingston, Canada. P. Blakiston’s Son 
& Co., Philadelphia, 1913. 162 pp. Price, $1.25 net. 

The book contains 36 pages of well written prdixninary discussion, 
followed by 24 pages of directions for the analysis of pure salts (BaCb-zHaO, 
MgS04.7H20, and CaCOa). Then follow 84 pages devoted to rapid 
methods of an industrial character (Cement, Limestone, Clay; Coal; 
Copper; Alkalimetry; Bleaching Powder; Iron Ore; Water; Iron and 
Steel; Lead Ore; Ni(i:el and Cobalt Ore; Zinc Ore; Bronze). A prominent 
feature is the attempt to give the student some idea of the time required 
for the various analyses. The remaining pages contain appendices on the 
Balance and Weights, Calibration of Measuring Vessels, Electrolytic 
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Dissociation and the Mass Law, Analytical Factors, Logarithms, and an 
Index. 

The directions in the book are clear and concise, and with very few 
exceptions (e. g., Nickel and Cobalt Ore) the methods are well chosen. 
Those who believe in this character of work for an introductory course 
will doubtless find the book eminently satisfactory. G. McP. Smith. 

Der heutige Stand der Synthese von Pflanzenalkaloiden. By H. Bauer. Friedrich 
Vieweg imd Sohn in Braunschweig, viii 4-144 pp. Price, bound, 5 Mark 20 Pf. 

This booklet is the fifty-first volume of a collection of works on special 
subjects from natural science and mathematics, published under the title 
“Die Wissenschaft.” The first eight pages are devoted to the history, 
distribution and general physical and chemical properties of the alkaloids, 
and include Pictet's hypothesis of the origin and chemism of the plant 
bases, together with a table of the color reactions of the more important 
representatives of tliis group of compounds. In the following eight pages 
those reactions are discussed which are of especial value in clearing up the 
constitution of alkaloids. The reactions mentioned are: saponification, 
^hydrolysis, distillation with zinc dust, fusion with alkali, detection and 
determination of CH^O and CHsN, determination of the function of 
oxygen, oxidation and exhaustive methylation. The alkaloids whose 
synthesis has been realized are divided into five groups: pyridine, tropane, 
isoquinoline, purine, and hydroxyphenylalkylamine bases. In the sixth 
chapter the mutual transformation of certain alkaloids is described, and 
the last chapter treats of the syntheses of such substances as are obtained 
in the decomposition of some alkaloids. 

The treatment of tlie subject, while, brief, is ver>" clear, and each 
synthesis is supplied with a full list of references to original literature. 
The workmanship of the book is good, and the price very low. 

The size of the book gives only an inadequate idea of the value of its 
contents. The book should be in the library of every chemist interested 
in this medicinally and technically important group of natural products. 

H. M. Gordin. 

Weitere Beitraege zur Behandltmg der Nephritis und verwandter Erscheintingen. 
VoN Martin H. Fischer. Sonderabdruck aus Kolloidchexnische Beihefte, Band 
IV. Dresden und Leipzig, 1913. Theodor Steinkopff. 70 pp. Mk. 3.60. 

This is one of a series of monographs which have appeared as supple¬ 
ments to Kolloid-Zeitschrift. It presents a discussion of the treatment 
of nephritis from the standpoint'of the author's theory concerning the 
colloidal changes in the kidney which occur in this pathological condi¬ 
tion. As nephritis is held to be a consequence of an add intoxication the 
treatment is essentially a chemical one, consisting mainly in the injection 
of a hypertonic salt solution containing sodium carbonate. The theory 
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and the practice of the method are fully described, and a considerable 
list of cases is referred to for illustration and proof. J. H. Long. 

F. LShais, Vorlesungen iiber landwirtschaftliche Bakteriologie & GebrCider Bomtraeger. 

Berlin, pp viii — 398. Price, $i 14. 

In writing his “Vorlesungen," the author was avowedly guided by the 
wish to prepare a volume that would be serviceable, not only as a text¬ 
book for schools of college and university grade, but also as a ready ref¬ 
erence book for the technically trained reader. That he has admirably 
succeeded in his purpose is indicated even by a superficial study of the 
book. Dr. Lbhnis has brought together and presented in a very readable 
form the important facts of agricultural bacteriology. His treatment 
of the subject matter shows familiarity with almost everything of im¬ 
portance published of late in this rapidly expanding branch of bacteriology. 
The author is to be commended also for his lucidity of treatment and his 
skill in selecting references in support of his conclusions. While bearing 
in mind the broad principles on which agricultural bacteriology has de¬ 
veloped, he is not indifferent to the applied phase of the subject. He tells 
us that, “the practical value of agricultural bacteriology lies mainly in 
the fact that it teaches the farmer how to make use of bacteria and molds 
in a manner most likely to assure success." 

There are those who will disagree with the author as to the scope of 
agricultmal bacteriology. He would exclude from this field, the micro¬ 
organisms known to be pathogenic to plants, and he would pass in silence 
bacteria found in the water supplies in rural districts. American bac¬ 
teriologists are often inclined to include a discussion of these organisms in 
treatises on agricultural bacteriology. 

The first fourteen chapters of the book (pp. i -212), consititute its 
“general" part and deal with the morphology and physiology of micro- 
ouganisms. The important divisions of this portion of the book include 
the form, structure, development and classification of microdrganisms; 
the life processes of microorganisms; the culture and suppression of micro¬ 
organisms; and the physical and chemical changes produced by micro¬ 
organisms. The remaining eleven chapters constitute the “special part." 
The special part is given over to a discussion of the bacteriology of foods 
and dairy products, and of the bacteriology of manure and soil. 

The book is remarkably free from typographical errors, and from the 
standpoint of craftsmanship is a credit to the publishers. 

Jacob G. Lipman. 
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TITY b IN THE EQUATION OF VAN DER WAALS.i 

By Trbodorb W Richards. 

Received January 26, 1914. 

The equation of van der Waals has excited wide interest and received 
well-deserved recognition on all sides for over thirty years. The genius 
of this great Hollander emphasized, for the first time, the important 
effect upon the volume of a gas probably caused by the cohesive tendency' 
of the molecules, and pointed out that, when this tendency is taken into 
account, the earlier equation of Budde for hydrogen (namely, p(v — 6) = 
nRT) may be extended so as to apply fairly well to other gases. 

The well known equation thus modified—namely, {p + a/v^){v — 6) = 
wRT—^is widely used, although its limitations and its lack of exact ful¬ 
filment are generally recognized. That it is not merely an abstract 
mathematical formula, but is also concretely if somewhat vaguely con¬ 
cerned with the most important influences determining the volume of a 
gas, will probably be admitted by most physical chemists. Therefore the 
significance of its terms is a matter of interest and importance. The 

' A preliminary treatment of this subject was given in a course of Lowell lectures 
in Boston in 1908, and again presented in a paper read at the meeting of the Eighth 
International Congress of Applied Chemistry, at New York, in September, 1912. 
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present paper concerns the meaning of the quantity b, w “co-volume*'— 
the rather small quantity which must be subtracted from the volume of a 
gas in order that the remainder may correspond reasonably well with the 
requirements of the gas-law. The treatment of this topic will be essen¬ 
tially non-mathematical, partly because the situation seems at present 
too complex for really precise mathematical treatment. It is hoped that 
the discussion which follows will be comprehensible both to mathematical 
and to non-mathematical readers. 

In an attempt at interpretation of this kind, the first step is to study 
the behavior of the given quantity under changing conditions. Although 
b is often assumed to be constant, much evidence is at hand which seems 
to prove that it probably varies under varying conditions. This possi¬ 
bility was suggested by van der Waals in his first paper long ago,^ but the 
inference was complicated by the fact that the calculated value for b 
depends upon that assumed for a, and the change in the values of b seemed 
to be no greater than might have been due to uncertainty in this assump¬ 
tion. Hence physical chemists as a rule have been content to assume 
constancy in both a and b. 

About fourteen years ago a few tentative unpublished calculations 
seemed to show me distinctly that b really varies, and these calculations 
drew my attention again to the original paper by van der Waals. They 
formed indeed the first clue which called to my notice the probable 
compressibility of atoms, and the outcome was summed up very briefly 
in the third item of the summary in the second paper concerning the 
significance of changing atomic volume,* as follows: 

“3. That it (i. e., the theory of compressible atoms) is able to inter¬ 
pret the actual deviations from the gas laws better than any other theory, 
retaining the essential import of the equation of van der Waals and modify¬ 
ing this equation only as regards the changeability of a and After 
thoughtful consideration of the whole subject for twelve years, I hope to 
explain the main idea somewhat more fully in the present communication, 
which does not pretend to be a final treatment of the matter. 

Let us review here typical figures taken from the first paper of van der 
Waals.* Pirst may be given a brief table showing the change of (in 
the case of carbon dioxide) with temperature. In this table b is expressed 
first as a fraction of the total volume at o® under one atmosphere's pres¬ 
sure calculated upon the assumption that a == 0.00874, ^od then in cubic 
centimeters in a gram-molecule of gas. 

^ Van der Waals, "'Over de Continuiteit van den Gas en VJoeistoftoestand/' 
p. 77 (Leiden, 1873, translated by Roth, p 8i (Leipzig, 1881)). 

* Froc. Am. Acad., 37, 409 (1902); Z, pkysik Chem , 40, 607 (1902). 

* See pp. 81, 85, and 86 of the German translation, 77 of the original Dutch already 
quoted. 
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The Eeebct op Temperature on b. 


Temperature. 

bitv ut 0® and 

760 mm. •- J.OOOO. 

h in cc. 
per mol. 

0” 

0 0023 

51 

15“ 

<1 CK)24 

53 

34° 

0 0026 

58 

50 ' 

0 0027 

60 

100® 

0 0029 

64 


Evidently b seems to change distinctly with the temperature, increasing 
as the temperature rises. Similar figures are given in the same paper for 
nitrous oxide and ethylene, from which it is seen that these two gases also 
have slight but somewhat less strongly marked positive temperature 
coefl&cients for 6. 

But, although the consistency of tliese results makes them mutually 
confirmatory, it is still undeniably the case that all the figures depend 
upon the values chosen for a; a change in this other “constant'* might 
have led to a different conclusion about the changeability of b. Hence 
another confirmation is welcome; that, namely, to be obtained by study¬ 
ing the effect of pressure upon 6, a proceeding which subjects the variabil¬ 
ity of the quantity a to a searching test. The following table contains 
the appropriate figmes. 


The Effect of 

Pressure on b (325°), 


rat 32.5® if rat 0®C 

6 if ir at 0® C and 

b in cc. 

and 760 mm. 1.00 

760 mm. ■■ 1.000 

mol 

1 . 130 

(o 00255) 

57 

0 013 

c> 00251 

56 

u 0080 

0 tK>254 

57 

0.0072 

0 00252 

5 (> 

0.0070 

0 00251 

56 

0.0063 

0 CX7248 

55 

0.00427 ’ 



0.0038 

0 ck»2i6 

48 

0.0032 

0 00199 

44 

0 0029 

0 001go 

4 -? 


Thus b seems to remain essentially constant over a wide range of pres¬ 
sures, but suddenly begins to diminish when very high pressures and very 
small ‘ volumes are attained. The constancy of b under low pressiures 
seems to indicate at least that if a and b vary, their variations must ex¬ 
actly counterbalance. There is no evident reason why b should change over 
a wide range of pressure until one reaches the neighborhood of the bulk 
of b itself, whether the molecules are compressible or not. On the other 
hand, the sudden decrease of b under high pressures (when the voliune 
of the gas has been brought almost down to the bulk of b itself) may 
* This is the critical volume. The density of carbon dioxide at tlie critical point 
(31.35®) is 0.464 (Amagat, Compt. rend, 114, 1093 (1892)). Keesom found 0.0042 to 
0.0044 according to the method used See his thesis for doctorate, Amsterdam, 1904. 
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indicate that then the entity represented by b is really being com¬ 
pressed. It is perhaps not an accident that the bulk at which this com¬ 
pression begins to be manifest is about the critical volume, as will be 
shown later. 

Van der Waals, returning to this subject after more than a quarter of a 
century,^ came to the conclusion that his old value for a might be some¬ 
what too large—^the more accurate value seeming to be nearer 0.0085 than 
0.00874; and his further calculations, wh^'le too complicated to review 
here, led him to think that the expansion of b with temperature was less 
and the compression of b at high pressures was greater than he had sup¬ 
posed at first. Although the usual value for b seemed to be as large as 
0.0023, the smallest possible value of b under great pressure might be as 
small as 0.0007 —only one-third of the value usually credited to this so- 
called constant. It matters little here which alternative is chosen. 
Although the situation is by no means clear, and van der Waals himself 
was. evidently puzzled by some of the results of his own calculations, 
one leaves the perusal of his paper with a feeling of agreement with van 
der Waals’ own conclusion that whatever reasonable value one may 
choose for a, the value of b must be assumed to shrink under very high 
pressures, and to change slightly with increasing temperatures. More¬ 
over, besides van der Waals, many others, especially Ramsay and Young, 
have furnished further considerations which may be interpreted to signify 
the changeability of 6.* Van der Waals suggested tentatively (on p. 284, 
1 . c,) that the assumption of molecular compressibility might help in the 
explanation, but neither he or any other seems to have carried this idea 
to its logical conclusion. 

In almost all cases the value assigned to b depends essentially (as in the 
case above) upon the value chosen for a. Because even the constancy of 
b over a large range of moderate pressures affords no certain criterion 
as to whether or not the choice is correctly made, it is manifestly desirable 
that we should obtain, if possible, data free from dependence upon the 
affinity-constant. Fortunately there exist two elementary substances, 
hydrogen and helium, having values of a so unusually small that as a 
first approximation this quantity may be considered as wholly negligible 
in the gases under atmospheric pressure. These elementary gases ought, 
therefore, to afford valuable and interesting information bearing upon the 
present problem, and their evidence is especially significant because the 
former of these gases contains two atoms to the molecule and the latter 
only one. The comparison of the two, then, ought not only to tell us 
^rfiether b dianges with the temperature, but also to decide whether this 

^ Van der Waals, Z. physik. Chem., 38, 257 {1901). See also Chem. Weekblad, 10, 
624; reviewed in C. A., 8, 598 (1914)- 

* Ramsay and Young, Phil, Mag., p. 196 (1887), 
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change is entirely a question of the space between the atomic centers in 
the molecule, or whether the atoms themselves are compressed. If 
helium exhibits a change of b with the temperature, we cannot but think 
that its atom may actually be changed in volume by changing conditions. 

Fortunately modern accurate data exist both for hydrogen and helium.^ 
From among the wealth of available figures, in order to eliminate a 
change in a as much as possible from consideration, the value of b should 
evidently be calculated from the results obtained under comparatively 
small pressures and at temperatures not too low, so that the volume of 
the gas shall be fairly large and the term a/v^, shall be as small as possible. 
The following table contains comparable results at o® and ioo° for both 
helium and hydrogen. The actual value of pv ior and atmospheric 
pressure is taken as equal exactly to unity. 

Tabi.b I.—Helitm 


Temperature. 

/». 

pv. 

0® 

I 

I oexx) 


26 634 

I 0130 

100.35® 

I 

I 3674 


42.574 

Hydrogen 

I 3«73 

0® 

I 

I (MMX) 


30. tX) 

I oi8i 

100® 

I 

1 3661 


30 00 

I 3858 


From these figures (on the assumption that a in each case is so small 
as to be negligible when v exceeds 0.7 liter per mol) the value of b is easily 
calculated with close approximation from the equation of Budde: 
p'(v' — ft) = RT == p{v — b); whence b = (pv — RT)/p; or b = {p'v* — 
pv)l{p' — p). The resulting values are given in the following table.* 

Tabee II. 

Values for b for helium and hydrogen, 

(Expressed in terms of cubic centimeters per mol of gasj 
Temperature. Hydrogen. Helium. 

100® 15 I 10.4 

o® 13.8 12 o 

* Hydrogen.—Witkowski, Krak. Anz., ipo5, 305-338. Helium —Kamerlingh- 
Onnes, Proc, Sci. Akad. Amsterdam^ Jan. 23 (1908), p. 448, March 28, 1908, p. 741-742; 
Comm. Leiden, number 1020. 

2 If a is not so small as to be negligible, the result of this calculation is, of course, 
not 6, but a virial of the approximate form h — a/pv. For hydrogen and helium over 
ordinary low pressure and high-temperature ranges this may be taken numerically as 
b — a/RT without important error. Thus if a is thought to be large in these gases, 
6 with helium must be conceded to possess an even greater increase with falling tempera¬ 
ture than that indicated above; and in the case of hydrogen the temperature-coefficient 
of h may become^ negative, like helium. If with hydrogen a is assumed to exceed 
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The interesting and striking point about these figures is thati wheress 
with rising temperature the value of b for hydrogen increases, the 
value of b for helium decreases. Perhaps, it is true, one might ascribe 
these small differences to error of experiment, but the consistency of the 
figures for hydrogen at even higher pressures leads one to believe that 
the experimental error is much smaller than these^ Calculated in the same 
way the value of b for hydrogen between 30 and 60 atmospheres is 15.2 
at 100® and 14.2 at o®, agreeing reasonably well with the values given 
in the table for much lower pressures. In the case of helium, it is true, 
the results at higher pressures do not seem to be quite so consistent. If 
we take the extreme range of pressure studied by Kamerlingh-Onnes 
(about 50 atmospheres at o® and 66 atmospheres at 100®) the results are 
10.8 at 100® and 11.5 at o®. Although the difference is less between these 
figures than between those for the lower pressures given in the table,* 
the qualitative conclusion is the same; the value of b seems to decrease 
as the temperature rises, instead of increasing as in the case of hydrogen. 
" The most probable explanation for the opposite characters of the 
two gases is not far to seek. Let us consider first the case of helium. 
The quantity b is generally admitted to be a function of the bulk of the 
molecules themselves, therefore changes in b must be referred back to 
changes in this bulk. Thus, from the table above, when the molecules 
of a gas are single isolated atoms, their available bulk seems to decrease 
with rising temperature. Since we must look upon 6 as a function of some- 

0.0002, b will exceed 0.0008 (or 18 cc. per mol) and its temperature-coefficient will be¬ 
come negative. Since this paper was sent to the press Mr. R. H. Kent, of the Physics 
Department of Harvard University, has kindly brought to my notice strong evidence, 
worked out mathematically, but not yet published by him, tending to show that this 
is really the case with hydrogen and argon, and probably also with carbon dioxide and 
many other gases. This conclusion intensifies the argument of the present paper. 
Nevertheless, for the present, I prefer to leave my original statements as they stand, ac¬ 
cepting the usual values given to a and b, because then there is no risk of exagger¬ 
ating the evidence. It is enough for the present argument that a single gas should 
show a definite decrease of b with rising temperature. No assumption whatever with 
regard to the value of a can change this conclusion. The question as to whether the 
others have a positive or negative temi)erature-coefficient is merely a question as to 
whether the positive or negative effect (each of which must be present) happens to 
predominate. Incidentally, the appearance of a positive plug-effect with hydrogen 
may perhaps be explained, in part, by the inherent distending tendency of atoms now 
under discussion; in most gases, of course, it must be supposed to be hidden and 
masked by the greater negative plug-effect due to cohesion. 

1 The excellent data of Kamerlingh-Onnes for hydrogen lead to the same conclu¬ 
sion. Proc, Sci, Kon, Akad Wetensch, Amsterdam X*, 420 (1908). 

2 The,reason for the disagreement is not easy to find. At low temperatures, too, 
helium is irregular. It is possible that helium has a tendency to form double mole¬ 
cules under high pressure and at low temperatures. The singular maximum in its 
liquid density at 2.2® absolute (Kamerlingh-Onnes) points in this direction. 
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tibing which may be termed the **effective collision-bulk'' of the mole¬ 
cules, does not this contraction with rising temperature signify that 
isolated atoms of helium are more compressed by collision, the greater 
the kinetic energy of the moving molecules? It would be highly desirable 
to verify this tentative conclusion with other gases, but unfortunately all 
other monatomic gases have large values for a.^ 

The quite different case, illustrated by hydrogen and carbon dioxide, 
is equally easy to explain upon the same basis; and probably most other 
substances fit into this latter category, since most other substances have 
polyatomic molecules. Here the coefficient of expansion of b is pOvSitive, 
or at any rate (even if we imagine that a and b are both decidedly larger 
than here assumed) distinctly less markedly negative than in the case of 
helium. Is it not likely that two opposing effects occur in these poly¬ 
atomic molecules? Increased compression on impact with increasing 
temperature must be supposed to occur in hydrogen as well as in helium, 
but the effect is concealed, because, at the same time, the centers of the 
atoms in any given molecule are probably separated more widely, as 
the temperature rises, by the rotation of the diatomic molecule—^which ma>^ 
affect the apparent size. Thus these two effects, the decrease in effective 
collision-bulk of the atom due to more violent impact, and the increase 
due to the expanded rotating state of the molecule^ seem almost to balance 
one another, the latter slightly predominating if a is small. 

The conclusion that atoms, when free and uncombined as in helium, 
expand but little, if at all, as the temperature rises, is entirely in harmony 
with the well known tenet of the kinetic theory of gases that all the 
heat-energ>" of a monatomic gas is translational and none of it is internal. 
The apparent expansion of the hydrogen molecule with heat is equally 
in accord with this theory, because the increased specific heat of hydrogen, 
and of other gases with polyatomic molecules, points to consumption of 
energy within the molecule in rotation, as usually assumed, or other¬ 
wise. 

Thus the evidence is very strong and very consistent that b changCvS 
with changing conditions, and the most reasonable explanation of the 
facts seems to indicate that not only the molecules but also the atoms 
themselves are compressible. 

If, then, molecules are capable of changing their volume under chang¬ 
ing conditions, and are deformed or distorted during the violent impact 
caused by their mutual collisions when flying about in a confined space, 
one inevitably infers further that time must be consumed in the act of 
collision. 

^ Compare Stefan {Wiener Sitz. her,, 45, 2, 339 Meyer 

(Baynes) ''Kinetic Theory,” p. 166 (1&99). Stefan imagined a compressible environ¬ 
ment, but still conceived of the imaginary hard core. 
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The relation of this time spent in collision to that requved in flig^ 
over the mean free path between collisions is an important item to ¥ 
considered. The mean free path of hydrogen under ordinary conditions h^a 
been calculated to be as much as 0.000185 mm. whereas the diameter pf 
the hydrogen molecule is supposed to be not much over o.ooooooi mm.^> 
an amount less than o.i of 1% of the free path. This being the case, 
the time spent in collision, even if the molecule were considerably deformed 
by the force of the impact, could hardly be a very important percentage 
pf the whole time, although the deformation might correspond to a very 
appreciable percentage of the diameter of the atom. For the present 
discussion it is important to note that the time of collision is probably 
the same, no matter what the temperature may be, for the time spent 
in the actual collision of an elastic ball with an elastic barrier is inde¬ 
pendent of the velocity of the striking ball. This being the case, the 
figures just mentioned, especially those for helium, which are more simply 
interpreted, must refer to a real increase in compression in the atom as the 
temperature rises, because the falling off of b could not be ascribed to any 
increase of time of impact. 

Several months before van der Waals’ above-mentioned paper^ had 
appeared, I tentatively brought forward a number of arguments of quite 
different sort, indicating tliat atoms (and therefore molecules) may well 
be supposed to be compressible; and the data pointing in this direction 
have multiplied greatly during the last ten years.^ In the most recent 

* Van dcr Waals, Z. physik. Chem., 38, 283 (1901). 

* Following are the titles of the several recent papers bearing upon the theory of 
compressible atoms with references: 

*‘The Possible Significance of Changing Atomic Volume," Proc Am Acad., 
37, I (1901); Z. phyak. Chem., 40, 169 (1902); Chem. News, 86, 81 (1902). 

"The Significance of Changing Atomic Volume. II. The Probable Source of the 
Heat of Chemical Combination and a New Atomic Hypothesis,” Pror Am. Acad., 
37, 399 (1902); Z. phyHk. Chem., 40, 597 (1902). 

"The Significance of Changing Atomic Volume. III. The Relation of Changing 
Heat Capacity to Change of Free Fnergy, Heat of Reaction, Change of Volume and 
Chemical Affinity,” Proc. Am. Acad., 38, 293 (1902); Z. physik. Chem., 42, 129 (1902). 

"New Method of Determining Compressibility, with Application to Bromine, 
Iodine, Chloroform, Bromoform, Carbon Tetrachloride, PhOvsphorus, Water and Glass,” 
This Journal, 26, 399 (1904); Z. physik. Chem., 49, i (1904) 

"The Significance of Changing Atomic Volume. IV. The Effects of Chemical 
and Cohesive Internal Pressure,” Proc. Am. Acad., 39, 581 (1904); Z. physik. Chem., 
49 . IS (1904)- 

"The Relation of the Hypothesis of Compressible Atoms to Electrochemistry,” 
Trans. Internal. Elcctr. Congress, 2, 7 (1905). , * 

"Densities of Ivithium, Sodium, Potassium, Rubidium, and Caesium,” This 
Journal, 29, 117 (i9f>7)- 

"The Compressibility of Lithium, Sodium, Potassium, Rubidium, and Caesium,” 
Puhl. Carnegie Inst. Wash., 76, 9 (1907); Z. physik. Chem., 61, 77 (1907). 

"The Compressibility of Carbon, Silicon, Phosphorus, Sulfur, and Selenium,” 



SIGNmCANCE OF VAN DER WAAI^S’ EQUATION. 625 

work at the highest pressures as yet attained in accurate experiments 
on compressibility, Bridgman admits that atoms must probably be 
imagined to be compressible, in order to explain his results.^ Hence 
there is now a great bulk of testimony which is irreconcilable with the 
early assumption of van der Waals that molecules are incompressible 
and that the rebound after a collision between them is truly instantaneous. 

In thus describing atoms as compressible I do not mean to make any 
assumption whatever with regard to the mode of distribution of their 
**substance'* (whatever that may be) within their boundaries. I mean 
merely to declare that there seems to be a distending tendency in each 
atom, entirely different from and unconnected with the vibration of heat, 
and that this distending tendency seems to have a fairly well-marked 
boundary which is compressed by the application of pressure. Heat 
seems to distend this boundary only when atoms are combined chemically 
or cohesively with other atoms. It may be, of course, that the atom, as 
Larmor and others have suggested, is a vacuous space in an extremely 
dense ether. If so, this boundary must be supposed to be the boundary 
of that vacuous space. Again, the idea of atomic compressibility is quite 
combatible with the recent hypothesis which postulates a composite struc¬ 
ture containing electrons. Many other suppositions might also comply with 
the requirements, but so far as I can see there is nothing in any of the 
facts demanding the assumption of the small, hard, incompressible core 
which has been the subject of so much speculation and often fruitless 
mathematical analysis in the past. 

Puhl. Carnegie Inst. Wash., 76, 29 (1907); Z. physik. Ghent , 61, 77 (1907)- 

"The Linear Compressibility of Coijper and Iron, and the Cubic Compressibility 
of Mercury/’ Puhl. Carnegie Inst Wash., 76, 44 (1907); Z. physik. Chem., 61, 183 
(1907). 

"The Compressibilities of the more Important vSolid Ivlements and their Periodic 
Relations/’ Ptihl. Carnegie Inst Wash., 76, 56 (1907); Z physik. Chem., 61, 183 (1907). 

"The Compressibilities of the Elements and their Periodic Relations/’ Tins 
Journal, 31, 154 (1909). 

"The Compressibilities of the Chlorides, Bromides, and Iodides of Sodium, Potas¬ 
sium, Silver, and Thallium," Tins Journal, 31, 158 (1909); Z. physik. Chem, 71, 
152 (1910). 

"The Fundamental Properties of the Elements," Faraday I^ecture, J Chem. 
Soc., 100, 1201 (1911); Science, N. S., 34, 537 (1911); Proc. Chem Soc., 27, 177 (iQii); 
Revue scientifique, 50, 321 (1912); Smithsonian Report, p. 199 (1912). 

"Compressibilities of Certain Hydrocarbons, Alcohols, listers, Amines, and Organic 
Halides," This Journal, 34» 971 (1912). 

"Die Bestimmung der Kompressibilitat fliissiger und fester Substanzen./’ Hand- 
buch der Arbeitsmethoden in der anorganischen Chemie., p. 247, Leipzig, 1912 

"The Chemical Significance of Crystalline Form." This Journal, 34 * 381 (1913)- 

"The Theory of Compressible Atoms," Harvard Graduates' Magazine, 21, 595 

(1913). 

1 Bridgman, Proc. Am. Acad., 47, 549 (1912). 
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Most, if not all, other investigators seem to have overlooked a very 
simple means of testing whether or not molecules and atoms (as conceived 
by van der Waals) are held apart merely by the vibration of heat, as moit 
people suppose. If this were the case, the particles should lie closdl^ 
packed when all heat is removed from a body, because then the vibration 
is supposed to cease. Therefore, the smallest possible bulk which molecules 
could be made to occupy might be inferred from their bulk at the absolute 
zero, upon the assumption that no kinetic energy remains at that tempera¬ 
ture. Let us take the case of mercury, which is especially suitable for 
discussion, because of its monatomic nature. The volume of a gram 
atom of mercury at its boiling point, 357°, is 15.7 cc. At —39® 
when solid, its volume is 14.1 cc.; at —188° it is 13.9. Extrapolating 
linearly to the absolute zero, the value is found there to be not less than 
13.8. The total decrease in volume from the boiling point to the absolute 
zero is about 12%, or 1.9 cc. per gram atom; but if a system of incompressi¬ 
ble spheres (as assumed by van der Waals) were pressed into its most 
closely packed assemblage, the loss of volume would be not 12 but at 
least 40%.^ Evidently, then, something not indicated in the equation 
of van der Waals and independent of heat, prevents the atomic cores 
usually imagined from approaching one another. 

This case of mercury is not an unique or unusual one. The same 
phenomenon is to be observed in most, if not all, otlier substances. For 
example, Roth has extrapolated the density of common ice to the absolute 
zero, and finds the molecular volume at this temperature to be 19.2. 
This is actually larger than the bulk of the same amount of water at its 
boiling point (18.8). In general the contraction of substances on cooling 
to the absolute zero is found to be very small. For example, Cohen and 
Olie* find that at low temperatures the density of diamond is almost 
independent of temperature, and graphite also has a very small tempera¬ 
ture-coefficient. White tin falls off less than 1% in volume in going from 
the temperature of the room to —163®, and gray tin loses only about one- 
third of 1% of its volume over that range. The bulk of gray tin at the 
absolute zero is much greater than that of liquid tin at the highest tempera¬ 
tures thus far studied; for according to Day and Sosman* the density 
(6.16) of tin at 1600® C. is nearly 6% greater than that (5.75) of gray tin 
at—163®. It is true that tin and ice are exceptional substances, but the 
fact remains that in general the contraction suffered by all substances on 
cooling is (so far as I can discover) much less than that required by the 
small incompressible cores of van der Waals. Clearly the compressible 

> The bulk of van der Waals’ molecule (V^ W for mercury is taken, as usual, to be 
0 3 times the volume of the liquid at the boiling point, or 4.7 cc.; and the closest packed 
.svstem of small spheres occupies about 57% of the bulk of its containing vessel. 

* Z. physik Ghent , 71, 400 (1910) 

® Private communication to the editors of Landolt-Bornstein’s Tables, p. i6ft (1912). 
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''sphere of influence'* accompanies the atom wherever it goes; the imagin¬ 
ary incompressible core simply marks the limit of the compression in each 
particular case. The puzzling changes exhibited by this imaginary core 
need therefore occasion no surprise. 

Let us now inquire what bearing molecular compressibility may have 
upon the significance of the quantity b. 

At the outset we perceive the inevitable error of a familiar proposition 
of van der Waals, namely, that tlie quantity b represents four times the 
actual bulk of the molecules. I^his tenet seems to have been accepted 
by everyone without much question, but it loses all authority if molecules 
are compressible, because incompressibility of the molecules was assumed 
in its ingenious deduction.^ Fairness to the brilliant Hollander demands 
the statement of the fact that he himself accepted his own proposition 
with some reserve; this is clear from his statements showing that the sup¬ 
posed relation cannot possibly hold in greatly compressed gases. ^ 

Further study seems to suggest that the molecules really occupy much 
more than one-fourth of the space b. Two causes would tend to reduce 
the apparent size of b if the molecules are compressible. In the first 
place the mutual compression of two molecules on collision would make 
their apparent diameter during contact less than it is when each mole¬ 
cule is free. Secondly, the time consumed in this collision would make 
the centers of the molecules seem to approacli even more closely to one 
another than they really do. From the first cause alone a diminution 
in the diameter of only one-third would make the bulk of the molecules 
appear to be almost as small as a quarter of their true bulk. Let us 
suppose, for a moment, that this is really the extent of compression on 
collision; then if 6 is to be taken as four times the apparent bulk, its magni¬ 
tude calculated from these data, although quadruple the apparent size, 
would not be far from the actual space occupied by the molecules. Thus 
if one admits that the molecules are compressible, it .seems easily possible 
that the space occupied by the molecules is really at least as large as b. 

Let us review briefly the results for carbon dioxide with this in mind. 
From van der Waals’ table on the effect of pressure, already cited, one 
finds that at 32.5® b remains essentially constant with decreasing volume, 
until the gas has been compressed to a bulk only one hundred and sixtieth 
<rf its bulk under atmospheric pressure. When this bulk is halved yet 
again, bringing the volume down into the neighborhood of that 6, its b 
is seen at last to diminish. Interpreting, we may infer that as long as the 
molecules are fairly far apart in the gas, the volume-effect ascribed to b 
^ Van der Waals, '^Over de Continuileit, Etc.,” p. 52 (1873;. This chapter was 
much expanded in the German translation, and the incompressibility of the molecules, 
at first tacitly assumed, was explicitly stated (pp. 46, 57. 50 of Geiman translation) 
(1885). 

* Van der Waals, “Die Continuiteit, Etc.,” trans. b3" R. Roth, Leipzig, 1881, p. 55, 
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dependt$ only upon single collisions, and these at a given temperature 
cause no more change in volume in a much compressed gas than in a 
comparatively rare one. On the other hand, when the bulk of the gas is 
reduced to the neighborhood of the bulk of the molecules themselves, 
these will begin to be compressed by the outside pressure, the whole 
situation will be changed, a may be supposed to increase rapidly, and the 
total effect of the compression will be greater than that due to collision 
alone. At this point, according to the theory above advocated, the 
pressure must be supposed to be no longer due primarily to free collisions 
with the walls, but rather to the above-discussed distending tendency of 
the atoms themselves, assisted by the infinitesimal impacts of such an 
elastic movement as is visible in magnified form in the Brownian move¬ 
ments. From the constancy of b down to a definite point, and its sudden 
decrease afterwards, one may conclude that the volume in which the 
molecules themselves begin to be compressed (that is to say, the critical 
volume) is not very far from the actual bulk of the molecules. This in the 
case of carbon dioxide is about 5/3 6 at 31.35°. 

The accompanying diagram is intended to show cross-sections of the 
three volumes under consideration, which have been imagined to occupy 

spheres, although of course in an irregular mole¬ 
cule exact spherical form can hardly be attained. 
The actual experimental volume of 44 grams of 
carbon dioxide at the critical point is 94.8 cc., 
and the value of b as calculated from the gas at 
the same temperature is 57 cc. One-quarter of b 
is therefore 14.25. The radii of three spheres 
having these relative volumes are to one another 
as 1.86 : 1.55 : I, respectively, and the circles 
drawn with these radii give a rough idea of the 
relations under discussion. 

Another more striking fact which supports the 
next ring indicates b at the conclusion that the actual bulk of the molecules 
critical temperature, and is greater than b (instead of being only one- 
the innermost dotted ring quaver b as van der Waals assumed) is the well 

d^anded brthrorigiaal overlooked fact that the quaa- 

hypothesis of van der Waals. tity 6, as computed from the behavior of a gas, 
The volumes are 95i 57, and is not very far from the actual volume of the 
14 2 cc., respectively, per liquid to be obtained from that gas. 

carbon ^ demonstrate this nearness of 

the quantity b to the actual volume of the 
liquid. In the first place, the classic case of carbon dioxide may be 
quoted; its value of 6, calculated at 13° from the behavior of the 
gas and expressed in terms of cubic centimeters per mol of gas is 



In this diagram, the outer- 
most ring indicates the 
actual critical volume, the 
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53 cc. But the actual molal volume of liquid carbon dioxide at 13® is 
also about 53 cc.^ Thus in the case of carbon dioxide b equals the actual 
volume of the liquid at 13®. At lower temperatures the volume of the 
liquid becomes less than that of b, at high temperatures the volume of 
the liquid becomes greater than b. 

Other significant data of the same kind are not plentiful, because b 
is not often calculated as above from the behavior of the gas. This was 
done by van der Waals in his original paper for nitrous oxide and ethylene, 
but unfortunately our knowledge of the densities of these gases in a 
liquefied condition is not very comprehensive. The molecular values for 
b calculated by van der Waals for these two substances (about 42 and 
56 cc. per gram molecule) would correspond to densities probably attained 
by the liquid at a boiling point under preSvSure greater than atmospheric 
pressure, but considerably below the critical pressure. 

Although data for b obtained from the state of gas are far from plenti¬ 
ful, very many values for this so-called constant have been calculated 
from the critical data according to the equation of van der Waals. For 
our present purpose this procedure is unsatisfactory, for it assumes the 
accuracy of an equation which is really only an approximation. More¬ 
over, in those cases where a comparison is made between the values ob¬ 
tained in two different ways, the values for b do not exactly agree. The 
first comprehensive collection of such data was compiled by Guye and 
Friedrich,^ and a still larger collection of data is given by Landolt-Born- 
stein's tables.''* As an example of the order of disagreement the case of car¬ 
bon dioxide may be cited. The gas gives a molecular value for b be¬ 
tween 51 and 64 according to the temperature, but the value calculated 
from the critical data according to van der Waals’ liquation is only 42.8. 

Assuming, however, that the values given by van der Waals* equation 
are at least of the right order of magnitude, it is interesting to note that 
as a general rule b has a volume of about 1.2 times that of the liquid 
at the boiling point under atmospheric pressure. The parallelism of nearly 
all liquids in this respect has already been noticed^ by others, although it 
is usually stated in another form as follows: “Assuming the actual bulk 
of the molecules to be one-quarter of 6, this actual bulk is found to be al¬ 
most universally three-tenths of the bulk of the liquid at the boiling point 
under atmospheric pressure.** 

Disregarding, as we have been led to do in this paper, the ill-founded 
assumption that 6 = 4 times the actual bulk of the molecules, the data 
have new interest in showing that the bulk of the liquid under pressure 

* Amagat found its density at 13® to be 0.831 (see Landolt and Bornstein, 1912, p, 

155). 

* Guye and Friedrich, Arch. set. phys. nat., 9, 505”531 (1900). 

* Landolt-Bdrnstein, Physikalisch-chemische Tabellen, fourth edition, p. 439 (1912). 

* For example, Nernst, Theoretische Chemie, p. 225 (19^7) 
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somewhat above the boiling point attains a value exactly equal to b. 
If we allow the inference that h as found from the critical point with the 
help of van der Waals’ equation is somewhat too small, the general 
principle probably still holds true, although the exact form of statement 
may somewhat alter. 

The supposition that b is really not far from the space actually occupied 
by the molecules finds its analogy in the approximate regularity found by 
H. N. Morse in osmotic pressures, which conform approximately to the 
regular rule only when the actual bulk of the dissolved substance is sub¬ 
tracted from the total volume. 

Although these considerations undermine confidence in the ingenious 
mathematical deductions of van der Waals—not because of any mathe¬ 
matical fault but only because of his probably erroneous premise of atomic 
incompressibility-the essential ideas embodied in van der Waals* equa¬ 
tion as applied to gases are untouched and left as probable as ever. These 
essential ideas are, of course; first, that the molecules in a gas occupy space 
and that some allowance must be made for this space; secondly, that 
they attract one another, and that this attraction diminishes the pressure 
due to the outward momentum of the particles striking the enclosing wall. 

If the equation of van der Waals thus gives a plausible and still valid, 
if somewhat crude, conception of the nature of a gas, its application to 
liquids is far more questionable. It is especially faulty in giving no ex¬ 
planation whatever of the evaporation of liquids and the condensation 
of vapors, one of the commonest of physico-chemical equilibria. In¬ 
deed, as is well known,^ it demands, in the region where liquid and vapor 
exist together, a state of affairs which is physically impossible, indi- 
c?tted by the reflex curve in the familiar low-temperature isothermals. 

One may well ask how it is that van der Waals’ equation can apply 
to the critical point, if at its best it fails to explain evaporation, and if 
besides we must conclude that all the mathematical considerations upon 
which it rests need modification. As a matter of fact, however, the 
application of the equation to the critical point is by no means satis¬ 
factory. Even in the case of carbon dioxide it applies only very roughly— 
for example, it demands a critical pressure of 50 atmospheres instead 
of the true value 73,^ Most physical chemists will be inclined to 
* As is well known, the calculation is as follows: pc « a/zjb^ » 0.00874/27(0.00255)*. 
The difficulties and inconsistencies of the equation of van der Waals are interestingly 
reviewed in the masterly treatment of the theory, published by H. Kamerlingh-Onnes 
and W. H. Kcesom in the Supplement 23, Volume ii, of the Communications from the 
Physical laboratory of the University of keiden. The page is numbered 799 above 
and 185 below. The possible compressibility of molecules is suggested not only there, 
but also on the page numbered 704 above and 90 below This monograph was also 
published by the Encycl. der Math, Wissenschaften, 1912, pp. 615-945, and the page 
numbers on the top of the separate reprint are those in the encyclopedia. 
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admit that the equation of van der Waals cannot be expected to 
app|y exactly to very condensed material. In order to explain the partial 
agreement at the critical point, it is only necessar>^ to assume that the 
circumstances of collision are such as to make the compressible molecule 
appear, through its compression, to occupy a smaller space than that 
which it occupied before the collision, and that this smaller space happens 
to be approximately that which was required b}^ van der Waals* first 
erroneous assumption. It is only reasonable that this volume should 
appear to be constant in gases not greatly compressed, for when collisions 
were not too frequent, the compression produced by each individual 
collision would be the same, as has alread}^ been suggested. 

The existence of tlie critical point, at which it is possible to pass con¬ 
tinuously from a state of liquid to a state of gas without any visible sign 
of the transition, has always been imagined to be one of the strongholds 
of the old theory. It was undoubtedly the approximate but perhaps 
accidental efficacy of the theory at this point which stimulated many 
apply the kinetic theory of gases to liquids, supposing that if con¬ 
tinuous transition exists from one to the other, the two forms of matter 
must necessarily be of the same structure. I shall endeavor, however, 
to show that this is not a necessaiy^ consequence, and that the fact of 
continuous transition from the liquid to the gaseous state at this particular 
point docs not by any means necessarily fasten upon liquids and solids 
the same interpretation as that which applies to gases. As a matter of 
fact, a vapor and its liquid are not continuous under pressures below the 
critical pressure; and true continuity exists only at the critical point 
itself. 

May not the critical point be explained on the basis of the hypothesis 
of compressible atoms as follows? A substance in the state of gas, at a 
temperature above its critical point, ma}^ be imagined to be gradually 
compressed by outside pressure until it occupies the volume which the 
liquid might be expected to occupy. The pressure will then be much 
above the critical pressure. According to the theory' of compressible 
atoms, the spaces between the molecules would hereby be reduced to 
nothing, that is to say, the molecules would be packed in closely to¬ 
gether, not only by their own attraction but also by outside pressure. 
If the pressure were removed, they would fly apart as a gas, because 
the energy of their vibration would be enough at this high temperature 
to overcome cohesion and to cause this effect. No sign of any liquid 
would be manifest. If, on tlie other hand, the substance were cooled, 
while thus compressed, to a temperature below the critical temperature, 
itjs obvious that no change in appearance could be expected; the mole- 
cuies, being already closely pressed together, could not combine into 
separate drops under the effect of the cooling. Each would remain in 
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its old position, but if the pressure were now removed at this lower tem¬ 
perature the cohesion would be enough to withstand the diminished 
vibratory energy, so that a liquid would remain in the vessel. The 
transition would be continuous only because the molecules had been 
pressed so closely together by outside pressure that they could get no 
closer. 

The critical point may obviously be supposed to be merely the dividing 
point between the first and the second of these alternatives. Thus, 
according to this explanation, the boiling point is that point at whidi 
the effect of the thermal tendency of the liquid to fly apart is exactly 
balanced by the sum of the effects of cohesion and vapor pressure, while 
the critical point is that at which, still fulfilling these conditions, the 
molecules in the vapor are forced by outside pressure into juxtaposition.^ 

The extreme sensitiveness of the critical point and the enormous volume- 
changes which take place in its vicinity, are quite in accord with this ex¬ 
planation. The equilibrium between an attracting or cohesive tendency 
(which may be supposed to grow with proximity) and a thermal dis¬ 
integrating influence which is just able on the average to withstand this 
binding effect superposed on top of the distending effect of the compressed 
molecules, would naturally be a highly unstable one. 

The equation of corresponding states about which much is written 
is not at all inconsistent with this conception of the nature of b and of the 
imagined mechanism of the critical phenomena. On the other hand, 
the present point of view provides a flexibility, lacked by preceding 
generalizations, which affords a reasonable explanation for the fact that 
the equations of van der Waals and of corresponding states are only 
approximate generalizations. 

The immense multiplicity and variety of the published theories and 
facts concerning the critical point and the theory of van der Waals make 
it entirely impossible for any single individual to have*made even a pass¬ 
ing acquaintance with all. I have endeavored to seek information from 
many sources both by reading and by personal inquiry, and have sought 
to do justice to every earlier suggestion known to me, but some important 
contributions may have been overlooked. Therefore this essay is not 
intended in any way to claim ultimate priority with regard to any of the 
ideas advanced in it, although some of them may be new. The attei|;)pt 
has been made rather to show the modifications which seem to me to be 
needed in some commonly accepted notions, as well as to point out ^e 
consistency of all the facts with the theory of compressible atoms. , 

' A briefer statement of this definition will be found in one of the eariier papers pn 
clxmging atomic volume, Proc. Am., 37, 409 (1902); Z. physik. chem., 40, 606 (190s). 
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Summary. 

In this paper the following facts and interpretations are set forth: 

1. The value of b in carbon dioxide must be admitted to vary according 
to conditions in such a way that, although fairly constant under moderate 
pressures, it diminishes greatly with very high pressures. 

2. The value of b in hydrogen and carbon dioxide is probably affected 
by temperature, the natme of this effect being dependent on the value as¬ 
sumed for a. Botli of these probabilities seem to be accepted by van 
der Waals himself. 

3. The value of b with the monatomic gas helium is found to have a 
decidedly negative temperature coefficient. 

4. This decrease in b with rising temperature seems to imply that the 
helium atoms arc compressed by collision, the greater compression taking 
place at high temperatures because of the greater kinetic energy of col¬ 
lision. This conclusion suggests further that uncombined atoms arc not 
expanded by rise of temperature —a conclusion in keeping with the solely 
translatory effect of heat on monatomic gases. 

5. In polyatomic molecules this effect may be supposed to be partly 
counteracted by some sort of expansion of the molecule due to the energy 
expended within the molecule, as indicated by the larger specific heat of 
polyatomic molecules. 

6. Therefore, since b may be supposed to be a function of the 
actual size of the molecules, one is driven to conclude that molecules may 
change the effective size which they assume under collision. 

7. If the atoms and molecules are tlius compressible, van der Waals’s 
conclusion that b is equal to four times the actual molecular bulk falls to 
the ground; one must assume that the molecules really occupy considerably 
more space. It is not unreasonable to imagine that the actual molecular 
bulk (when the molecules are not compressed by collision or cohesion) 
is probably even larger than 6, perhaps about the critical volume. 

8. It is pointed out that as a matter of fact b occupies ver>" nearly the 
bulk of the corresponding liquid at a temperature somewhat above the 
boiling point in many cases. This again shows that in the state of gas, 
when not compressed by cohesion, the molecules must be somewhat 
larger than b, 

9. The approximate, although often unsatisfactory, agreement of the 
equation of van der Waals at the critical point is perhaps less signifi¬ 
cant than usually imagined; the continuity between the liquid and the 
gaseous states may be supposed to exist only at the critical point. 

10. The critical temperature is defined by supposing that it is the 
point where the kinetic energy of the molecules is just barely enough to 
separate them when the outside pressure is sufficient to bring on the 
average the molecular surfaces into contact. Therefore the critical 
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VDltime may be about the trae vohune of the non-coheiiag molectdes, as 
stated above. 

II. From these condusions it is evident that the theory of compressible 
atoms affords a satisfactory explanation for the inadequacy of the equa¬ 
tion of van der Waals and the equation of corresponding states derived 
from it. The latter equation would be expected to hold better than the 
former, because the same kinds of deviations often exist in different 
gases, and the method of comparison may eliminate these. 

Cambkidob, Mass. 


[Contribution from the Chemical Laboratories of New Hampshire Cou.egb ) 

THE DOUBLE SULFATES OF SAMARIUM WITH SODIUM AND 

AMMONIUM. 

By D B. Kbybs and C Jami s 
Received February 16 lOM 

The solubility curves of the sulfates of samarium, gadolinium, yttrium 
and ytterbium in sodium sulfate seem to be of special interCvSt. Samarium 
can be looked upon as being the first element whose double sulfate with 
sodium sulfate is distributed between the insoluble double sulfates and 
the more soluble ones. The solubility curve of gadolinium sulfate in 
sodium sulfate should show the reasons why some writers claim that 
gadolinium may be separated from the yttrium earths by this process, 
while others state that it can be separated from the cerium earths by this 
very method. Yttrium, possessing the average properties of the yttrium 
rare earths, as far as* these compounds are concerned, shows the best con¬ 
centrations under which the most complete separation can be obtained.^ 
The curve given by ytterbium sulfate under these conditions would indi- 
,cate, very nearly, the extreme solubilities. It would also show whether 
a concentrated solution of sodium sulfate would leave the members of the 
rare earth series, possessing the highest atomic weights, in solution accom¬ 
panied by smaller amounts of the other yttrium earths. 

This present communication deals with the compounds formed by 
samarium sulfate with the sulfates of sodium and ammonium. 

The pure samarium sulfate was prepared in the following raanoer: 
Samarium oxalate was ignited and the oxide dissolved in hydtochlcwfic 
acid. To the cool solution there was added a little more sulfuric adkl 
than was required to unite with the samarium present, after which Hie 
mixture was poured into a large excess of alcohol. The predpitHMl 
sulfate was filtered off, washed with alcohol and rendered anhydrous by 
heating. The anhydrous sulfate was dissolved in water, filtered, aiid 
the filfrate evaporated upon the steam bath. The purified salt was thetia 
dried and very finely powdered. 

* This has been worked out by C James and H C Holden, This Journal, 35, 559, 
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Samarium Sodium Sulfate .—In order to study the system samarium 
sulfate, sodium sulfate and water, about twenty bottles were made up of 
varying concentrations. One bottle was used to determine the solu¬ 
bility of samarium sulfate. 

After rotating for a long time in a thermostat at 25®, the analysis of the 
liquid phase was commenced. The procedure was as follows: two samples 
were removed by means of a pipet, weighed and diluted to about 100 cc 
each. The first was acidified with hydrochloric acid and the samarium 
precipitated as samarium sebacate by the addition of a solution of 
ammonium sebacate. The precipitate was filtered off, washed and 
ignited to the oxide SasOs. The percentage of Sa2(S04)3 was then de¬ 
termined from the weight of oxide. 

The second diluted sample was acidified with hydrochloric acid, brought 
to boiling, and the SO3 precipitated by the addition of barium chloride 
solution. The precipitate was filtered, cashed, ignited and weighed 
This gave the total amount of 8^)3. By deducting the amount of SOa 
required for the samarium sulfate, the quantity that was comi)ined with 
the sodium was then obtained. 

The results of the analyses were as follows: 


Serial No. 

NasSO* per 100 
parts of HiO 

SaafS04)a per 

100 parts ot HtO 

Serial N’o 

NatSOi per lOU 
parts of 11*0 

SauAOl 11 per 
loo parts of Hs< » 

1-4- •• • 

0 ! 

2 0 

n 

i; 71 

0 OIO 

5* 

*» 5 

0 1 I 

14 

14 47 

0 oog 

6 . 

1 

0 

15 

20 02 

(» 012 

7 

t, 41 

0 Off» 

ih 

4-’ 

n 012 

S . . . 

7 


i 7 


0 oiS 



.» <)if> 

iS 

35 0^ 

0 015 

10 . 

lu 51 

0 012 


2 : 40 

i> oil 

11 

.. 114^ 


> 


*■’ '^5 

12 . 

I 1 55 ^ 

0 f)If> 





These results, which arc plotted in Fig. i, appear to indicate that there 
is only one double salt formed by the union of samarium sulfate with 
sodium sulfate. 

The double compound was prepared by mixing a saturated solution ol 
samarium sulfate with a saturated solution of sodium sulfate, and allow¬ 
ing the resulting solution to stand for about two days. The precipitate 
was filtered off, dried, ground and washed with water and alcohol. 

This salt was analyzed in the following way: a 0,5 g. sample was 
fused in a platinum crucible with sodium potassium carbonate. The 
whole was dissolved in water, leaving Sa203. This was filtered, washed 
and ignited, and dissolved in very dilute hydrochloric acid. The chloride 
solution was then brought to a boil and precipitated by ammonium sebacate. 
The liquid was allowed to set in an oven at 90® for one hour, and then 
filtered. The precipitate was waslied and ignited to the oxide. The 
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SO4 was obtained by jnec^itating with barium dilmide in the acidified 
filtrate from the Sa«Oi. 



Two solutions of samarium sulfate were used to prepare the double 
compound. One contained about 10% sodium sulfate, while the other 
contained about 20%. 

The results of the analyas together with the ratio of molecular weights 
are given below. 

20% Sodium Sulfate in Solution. 


Per cent. 


SasCSOOs.* • • 

. 67 5 

0.115 

2 

NaaSOi. 

. 26.6 

0.187 

3 

H,0. 

. 5-9 

0.330 

6 

Sa2(S04)8. 

. 68.1 

0.116 

2 

Na2S04. 

. 25 4 

0.178 

3 

H20. 

. 6.6 

0.366 

6 

Sa,(S04),. 

. 66.1 

0.112 

2 

Na2S04. 

. 27.4 

0.192 

3 

H20. 

. 6.5 

0 362 

6 


Analysis of the compound formed from the 10% solution of sodium 
sulfate showed approximately the ratio 2-3-6, similarly to the 20% solu¬ 
tion. 

It can be seen that the results vary considerably. This is probably 
due to difficulties in the method of analysis. However at no time could 
the results, regardless of error, come to such values as to give the ratios. 
1-1-2, which have been accepted up to the present time.^ 

* Btdl. soc. chm., 43,162. 
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It appears, therefore, to the authors that the composition of the com¬ 
pound is 2Sa2(S04)a*3Na2S04.6H20. 

Samarium Ammonium Sulfate ,—Eighteen bottles of varying con¬ 
centrations were made up and placed in a tliermostat at 25°. After 
rotating for five months the solutions were found to be in equilibrium 
and the analysis was commenced. The procedure for the liquid phase 
was identical with that in the former system, with the exception that the 
ammonia was driven off by boiling with a slight excess of sodium hydroxide 
before acidifying and precipitating with barium chloride to determine 
the SOs. The results of the analyses are given below. 


Serial No 

Sa,<S 04 )* 
per l(K) 
parts of HiO 

(NH 4 )jS 04 
per 100 
parts of IliO 

Serial No 

Sa,(S 04 )i (NH 4 )aS 04 

per 100 per 100 parts 
parts of H *0 of 

I 

2 I 

0 3 

10 

() 8 

12 2 

2 

2 0 

0 8 

11 

o 8 

12 3 

3 

2 8 

1 1 

12 

o 9 

32 5 

4 

I 5 

I 9 

13 

1 o 

46 3 

5 

I 2 

2 7 

14 

o 9 

40 3 

6 

0 8 

7 4 

15 

1 3 

77 5 

7 

0 8 

9 5 

16 . 

(> 2 

77 2 

8 

0 8 

H 7 

n 

<-’ 3 

77 3 

9 

0 8 

18 8 

18 

o 6 

76 8 


Bottles 2, 3, 9, II, 14 and 15 were checked and found correct. 

The curve shown in Fig. 2 was drawn from the above data. Along the 
first part of the curve (from i to 3) we have the solubility of samarium 



sulfate. From 3 to 15, the curve represents the solubility of the double 
compound, while from 15 on, the solubility of ammonium sulfate is rep¬ 
resented. 

The solid phase was removed from some of the bottles, and carefully 
analyzed, wiA the following results: 
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No. % % (NH4)iSO(. H«0. 

5. 61.7 13.0 • 25.3 

9 . 55-9 152 28.9 

XO. 57 O 13.7 29*3 

13. 55.1 17 9 27,X 


From these results and from the corresponding liquid phase the 
triangular plot shown in Fig. 3 was made. 



It will be observed that the lines intersect at a common point corre¬ 
sponding with the formula Sa«(S04)8.(NH4)2S04.7H*0. 

Some of the pure compound was prepared by washing away the 
ammonium sulfate from some of the solid phase from bottle 5. Analysis 
sSiowed that the composition agreed well with that indicated above. 
This formula is similar to the one given by Cleve, with the exception of 
the amount of water of crystallization.^ 

Dvrbam. K. H. 

iCONTRXBUTlON PROM THE ChEMICAJU LABORATORIES OP NEW HAMPSHIRE COJUUSOE.) 

THE SEPARATION OF YTTRIUM FROM THE YTTRIUM EARTHS. 

Part I. 

By H. C. Hou»sn and C. James. 

BecdYsd PebniMy 1914. 

Although the rare earth oxides obtained from minerals such as gadoUnite. 
fergusonite, euxinite, samar^ite and xenotine carry a large percentage of 

^ BtM. soc. ckim,, 43, 162. 






BBPARATXON OF YMRIUM FROM THB YtTRIUM BARTHS. 


639 


yttrium, it has been found by many chemists that to obtain pure yttrium 
oxide involves a long and intricate process. In view of this fact, the 
authors have begun a systematic study of various methods in hope of 
finding one which will give pure material, with the greatest efficiency. 

The material used in the first part of this work consisted mainly of 
yttrium oxide, together with some erbium oxide, the determination of the 
equivalent of which gave an atomic weight of 94.7, The method used in 
the determination of the equivalent was as follows: About 0.1500 g. of 
oxide was dissolved by heating in 50 cc. of carefully standardized, approxi¬ 
mately N/io, sulfuric acid, after which about 8 cc. of N/s potassium 
oxalate was added and the resulting product brought to the boiling point. 
This was cooled, phenolphthalein added and the excess of sulfuric acid 
titrated by means of approximately N/10 sodium hydroxide. Since the 
amount of acid used by the oxide was known, the equivalent could easily 
be determined. 

(A) FrcLCiional Precipitation by Means of Hypophosphorous Acid. —About 
10 g. of the mixed oxides were dissolved in formic acid and diluted to about 
one liter. This solution was then boiled and stirred by means of steam, 
while a sufficient amount of a 5% solution of hypophosphorous acid was 
added to form a fair sized precipitate. The precipitate thus obtained was 
washed with water and dissolved in hydrochloric acid, reprecipitated with 
oxalic acid and ignited. On ignition, phosphine was noticed to be given 
off and the volume increased about three times the original. The oxide 
thus obtained was dissolved in hydrochloric acid and again precipitated 
with oxalic acid. This was washed, ignited and weighed. A portion of 
this was redissolved in hydrochloric acid, precipitated as oxalate, washed, 
ignited to constant weight and the equivalent determined. Fraction 4 
was obtained from the filtrate of fraction 3 by means of oxalic acid and did 
not show the peculiar action on ignition of the three previous fractions. 
A noticeable change of color could be seen going from fraction i, which 
was light pink, to fraction 4 which was nearly white. 


No. of fraction. 

Summary. 

Atomic weight. 

Weight of traction. 

I. 

... 96 15 

2 2 

2. 

95-20 

2 0 

3 . 

. 93.50 

2 0 

4 . 


2.5 


(B) Fractional Precipitation by Means of the Dimethyl Phosphates .— 
Between 7 and 8 g. of the mixed oxides were dissolved in hydrochloric acid 
and diluted with water to about 750 cc. This was boiled and stirred as in 
the previous fractionations, and a dilute solution of sodium dimethyl 
phosphate added until sufficient precipitate was obtained for fraction i. 
As the dimethyl phosphates are more soluble in cold than in hot water, 
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4S4O 

the solutions had to be filtered rapidly. Three fractions were ob¬ 
tained in this manner. The filtrate from fraction 3 was placed in a cas¬ 
serole and boiled. Since an excess of sodium dimethyl phosphate was pres¬ 
ent^ the remaining fractions were obtained by evaporation. The various 
fractions were then dissolved in hydrochloric acid and precipitated as 
oxalates, dried, ignited and weighed. A portion was then redissolved 
in hydrochloric acid, filtered, reprecipitated as oxalate, dried, ignited to 
constant weight and the equivalent determined. Fraction 6 was ob¬ 
tained by adding oxalic add to the filtrate from fraction 5. The oxalate 
was ignited, dissolved in hydrochloric acid and precipitated with ammonium 
hydroxide. The hydroxide was filtered off, dissolved in hydrochloric add 
and precipitated as the oxalate, ignited and then subjected to the same 


treatment as the previous fractions. 

Summary. 

No of fraction. Atomic weijjrbt. 

Weight of fraction. 

f . 

. ... 96.60 

I 09 

2 . 

95 60 

1.25 

3 . 

. 94 70 

2.40 

4 . 

. 94.60 

1.23 

5 . 

92.50 

0.80 

6 . 

91.90 

0.10 


(Q FrcuitionQl Precipitation by Means of the Cacodylaies.--AsmBll quan¬ 
tity of the mixed oxides was dissolved in hydrochloric add and diluted 
with water to about 750 cc. This was boiled and stirred as before, and a 
dilute solution of sodium cacodylate added until a fair sized predpitate 
was formed. The fractionation was then carried on as shown in the fol- 
lowmg diagram: 


Predpitate i Filtrate i 

Addition of more sodium cacodylate 

X \ 

Precipitate 2 Filtrate 2 

Addition of sodium hydroxide 

^ \ 

Precipitate 3 Filtrate 3 

Dissolved in hydrochloric acid, precipi' Discarded 

tated as oxalate, ignited, dissolved in hy¬ 
drochloric add, predpitated as oxalate, 
ignited, a portion taken, ignited to constant 
weight and the equivalent determined. 

Predpitate i was dissolved in hydrochloric acid, boiled, and a 4% solu- 
ti<m of sodium hydroxide added. 
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Precipitate lA Filtrate lA 

Addition of more sodium hydroxide 

\ 

Precipitate iB Filtrate iB 

Precipitates lA and iB were then treated in the same manner as precipi¬ 
tate 3. 

Precipitate 2 was then subjected to the same treatment as precipitate i, 
2A and 2B being obtained. These were treated as precipitate 3. 


Summary. 

No of fraction. Atomic weight. Weight of fraction, 

IA.96 80 2 16 

IB . 93 70 1.90 

2A .93 70 2 70 

2B . 92 20 o 90 

3.91 80 o 59 


{D) Fractional Precipitation hy Means of the Phosphates. —A small 
amount of the mixed oxides was dissolved in nitric acid and diluted to 
about 750 cc. with water, which made the solution about i: 9 concentra¬ 
tion of nitric acid. A solution of ammonium phosphate was then prepared 
by nearly neutralizing a 10% solution of phosphoric acid with ammonium 
hydroxide. The solution of the mixed oxides was boiled and stirred as 
before and about 100 cc. of the ammonium phosphate added. The pre¬ 
cipitate thus obtained was filtered, washed, dissolved in concentrated 
hydrochloric acid, diluted, and precipitated as the oxalate. This was 
then ignited, redissolved in hydrochloric acid, filtered, precipitated as the 
oxalate and ignited. A small amount of this oxide was taken and the equiva¬ 
lent determined. In a like manner, with the filtrate of the first precipitate, 
another fraction was obtained, purified and the equivalent determined. 
Fraction 3 was obtained by the same method. 

Summary. 


No. of fraction. Atomic weight. Weight of fraction. 

1 .97-20 2 85 

2 . 94 3 2.87 

3 . 91-4 1-22 


(E) Fractional Precipitation by Means of the Monomeihyl Phosphates .— 
About 7 or 8 g. of the mixed oxides were dissolved in hydrochloric acid 
and water added to make the solution about i :io concentration of hydro¬ 
chloric acid. The solution was then boiled and stirred as before and the 
solution of sodium monomethyl phosphate added until a fair sized precipi¬ 
tate appeared. This was taken as fraction i and from the filtrate fraction 
2 was obtained in a similar manner. In this way four fractions were 
procured. Bach fraction was then dissolved in hydrochloric acid, precipi- 
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tated as the oxalate, ignited, redissolved, filtered, precipitated as the oxa¬ 
late, and ignited. The equivalents were then determined, by using a small 


portim of each. 

Summary. 

No. of fraction. Atomic wdlflrht. Weight of fraction. 

1 . 96.10 2 07 

2 . 94-9 1.83 

3 . 93 8 0.72 

4 .91.7 1.44 


(F) Fractional Precipitation by Means of the Arsenates. —small amount 
of the mixed oxides was dissolved in nitric acid and diluted to about 750 cc. 
This was boiled and stirred as before and a dilute solution of sodium ar¬ 
senate added until a fair sized precipitate resulted. This first precipitate 
was somewhat gelatinous, but the succeeding fractions grew more 
crystalline. Four fractions were obtained by the addition of more sodium 
arsenate. These were purified by dissolving in hydrochloric acid, pre¬ 
cipitating as oxalate, and igniting, after which the equivalents were de¬ 
termined. 

Summary. 


No. ol fraction. Atomic weight. Weight of fraction. 

1 . 97-4 156 

2 . 95-9 0.80 

3 . 95-8 0-84 

4 . 91.8 2.64 


(G) Fractional Precipitation by Means of the Phosphites. —dilute solu¬ 
tion of sodium phosphite was run into a dilute solution of tlie chlorides 
of the rare earths. The rare earth material and the method of obtaining 
the various fractions was similar to the method employed in the previous 
fractionation. The five fractions thus obtained were somewhat gelatinous, 
but seemed to filter very readily. They were dissolved in hydrochloric 
acid and precipitated as the oxalate, ignited, redissolved in hydrochloric 
acid, filtered, precipitated as the oxalate, and ignited. A portion of each 
was then taken and the equivalent determined. 

Sxtmmary. 


No. of fraction. Atomic weight. Weight of fraction. 

1 . 97 60 0.22 

2 . 96 85 0.72 

3 . 95 50 J. 7 S 

4 . 94.00 2.00 

5 . 91-70 1.05 


(H) Fractional Precipitation by Means of the Chromates. — K small quan¬ 
tity of the mixed oxides was dissolved in a solution of chromic acid and 
water. This was made neutral by the addition of a slight amount oS. oxide 
and then diluted with water to about 750 cc. A 10% solution 
of potassium chnNnate was added to this solution, while it was being 
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stirred by means of steam and heated with a bunsen burner. After the 
addition of about 250 cc. of the potassium chromate solution, the first 
fraction was obtained. Three more fractions were obtained in a like man¬ 
ner and the filtrate from fraction 4 treated with ammonium hydroxide 
to obtain fraction 5. The various fractions thus obtained were dissolved 
in hydrochloric acid by using a slight excess, reduced by means of ethyl 
alcohol, boiled, and the rare earths precipitated by means of oxalic acid. 
These oxalates were ignited, dissolved in hydrochloric acid, filtered, oxalic 
add added, the resulting oxalates ignited, and the equivalents determined. 


Summary 


fraction. 

Atomic weight. 

Weight of fraction. 

I. 

103 40 

0.26 

2 

... . 98.00 

I .60 

3 

96.15 

0.45 

4 . 

94.20 

0.90 

5 . 

. 89.70 

1-93 


(/) Fractional Precipitation by Means of the lodaies ,—In this fraction¬ 
ation a dilute solution of potassium iodate was added slowly to a nitric 
acid solution of the rare eartli oxides. The rare earth material and the 
procedure were the same as in the previous method. The five fractions 
thus obtained were dissolved in hydrochloric add and oxalic acid added, 
which set free the iodine and also precipitated the oxalates. These were 
ignited, dissolved in hydrochloric acid, filtered, predpitated as oxalates, 
ignited, and the equivalents determined. 


Summary. 

No of fraction. Atomic weight. Weight of fraction. 

1 .98.50 0.59 

2 .96.70 0.32 

3 .96.60 2.09 

4 . 95 50 0.93 

5 .93-20 2.65 


U) Separation by Means of the Fractional Crystallization of the Bromates 
of Erbium Containing Yttrium, —^The material used in conducting this 
work was ytterspar, euxinite, gadolinite, xenotine and fergusonite and 
from these, several kilograms of crude erbium bromate were obtained. This 
erbium bromate, containing some yttrium, was boiled with sodium hy¬ 
droxide, the predpitate being filtered off and well washed witli boiling 
water. The hydroxide was then dissolved in hydrochloric acid and the 
solution precipitated by means of oxalic add. The resulting oxalate 
possessed an exceedingly beautiful rose tint. For separating yttrium from 
erbium, the method of fusing the nitrates is said to be the best. The next 
step was to dissolve the oxides, obtained by igniting tlie oxalates, in nitric 
add. The solution was evaporated and the nitrates heated until brown 
fumes were evolved. This decomposition was allowed to proceed for a 
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little time. When the desired period had etapsed» the '‘melt** was poured 
into an enamel iron vessel and the latter cooled by placing in cold water. 
The glassy nitrates were thus obtained in thin cakes which cracked into 
small portions and were readily removed. On boiling this product with 
water—the correct amoimt is soon judged by experience—a precipitate 
remained. On cooling, the solid portion increased owing to the less sol¬ 
uble basic nitrates crystallizing out. -As erbium nitrate decomposes more 
readily than the corresponding salt of yttrium, the solid obtained by filter¬ 
ing the above is much richer in erbium than the mother liquor. The origi¬ 
nal portion was split into five fractions. The fractionation from the second 
series onward, was treated similarly to a fractional crystallization, i. 
the mother liquor of the richest yttrium fraction was poured off, forming 
a new fraction while the mother liquor from the next was added to the 
solid remaining from the first fraction of that series and so on. After a 
series had been poured, nitric acid was added to each to dissolve the basic 
salts, after which they were evaporated to dryness and again submitted to 
careful fusional decomposition. These operations can be better under¬ 
stood from the following diagram: 

Fusion of Nitratus. 

Least basic erbiiun <— —► Most basic yttrium. 
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All the fractions richest in erbium were then united. This least basic 
portion showed the presence of scandium and ytterbium when tested in 
the spectrograph, and was placed on one side. The resultant fractions 
consisting of erbium with some yttrium were converted into the bromates 
and fractionated for a time. Samples were then obtained from the various 
fractions, placed in bottles and sufficient water added to dissolve about 
one half the crystals. The bottles were then carefully sealed, placed in the 
thermostat and rotated at 25 ® until equilibrium was reached. They were 
then allowed to stand at this temperature until the solid had settled. 
Samples of the supernatant liquid were withdrawn for analysis. The 
analysis was carried on as follows: The samples of liquid were weighed, 
diluted witli water and oxalic acid added to free the bromine and also pre¬ 
cipitate the oxalates of the rare earths. These were ignited and weighed. 
About 0.1500 g. was then taken and the equivalent determined by the 
method used in the previous cases. With these data the parts of Rs(BrOi)« 
per 100 parts of water were determined and the following results obtained: 


Bottle No. 

Fraction No. 

Atomic weight. 

Parts of Ri(BrOi)t 
per 100 parts of HtC 

I 

7 

159 50 

123.03 

2 

8 

153 40 

115.24 

3 

9 

150 40 

114.56 

4 

12 

142.50 

112.65 

5 

15 

140.50 

113.98 

6 

17 

128.20 

111.52 

7 

19 

122.70 

110.45 

8 

20 

112.70 

105.37 

9 

22 

104.05 

99.90 

10 

23 

202.40 

98. 10 

11 

25 

97.60 

89-35 
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These results were then plotted as cah be seen by the accompan3dng 
figure. 

Conclusions. 

Of all the fractional predpitational methods studied up to the present 
time, the chromate and phosphate show the greatest efficiency. 

Fractional crystallization methods are being carried on in order to 
investigate the curves obtained by plotting solubilities against atomic 
weights. 

Dukham, N. H 


NEGATIVE OSMOSE. 

By K. B. Bartsll. 

Received February 1914 

In the usual osmotic experiments, a solution is ^parated from the sol¬ 
vent by means of a semipermeable membrane and there is produced, 
as a result, a flow of liquid through the membrane. The flow of the liquid, 
as a whole, is toward the more concentrated solution tending, thereby, 
to increase the volume of the more concentrated solution. This phe¬ 
nomenon is commonly known as osmosis; however, when referred to in 
this paper, it will be designated as positive osmose. In some of the experi¬ 
ments described in this paper the direction of flow of the liquid, as a whole, 
through the membrane is not in the direction usual in the process of os¬ 
mosis but is, on the contrary, from the concentrated to the more dilute 
solution. This latter mentioned phenomenon will be referred to as 
negative osmose.^ 

Numerous experiments have been carried out in this laboratory in an 
attempt to determine the maximum size of the capillary pores in mem¬ 
branes with which small but definite osmotic effects can be obtained. 
Plain unglazed porcelain membranes and membranes of porcelain clogged 
with various insoluble precipitates have been investigated.* The main 
object of these experiments has been to determine the relation of pore diam¬ 
eter to osmotic effects produced when these different membranes are used 
with one and the same solute (sugar). 

An attempt has been made in the present investigation to determine 
the relation of pore diameter to osmotic effect, when different solutes are 
used with one and the same grade of unglazed porcelain membranes. 
The value of the pore diameter of the porcelain selected was near the 
border line between osmotic effect and no osmotic effect for sugar solu¬ 
tions. 

^ The terms positive osmose and negative osmose were used by Graham to de¬ 
scribe similar phenomena in connection with his work on “Osmotic Force." PkU. 
Trans., 144 * i77 (iSS4)- 

* Bigelow and Bartell, This Journal, 31 , 1194 (*909)* Bartell, phys. Ckm., 
16 , 318 (1912). 
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Apparatus aud Metbod. 

The porcelain was found to be very uniform in structure, the pore 
diameters being approximately 0.2 micron (i. e., in the area exposed, 
1.54 sq. cm., 100 to 125 pores had diameters .greater than 0.2 micron).^ 
The thickness of the membranes was approximately 5 mm. 

The cells used in the osmotic tests were of the simple form shown in 
Fig. I, j 4 , is a glass cylinder 15 mm. internal diameter with a capacity 
of atout 6.5 cc. The procelain membrane B is 
held in place by a tight fitting rubber band 
which is in turn held firmly to the cell and to 
the membrane with copper wire. The outlet 
tube for measuring the osmotic effect is a capil¬ 
lary of 2 mm. internal diameter. The cell was 
supported about 15 mm. from the bottom of the 
beaker (800 cc.) by a tripod of heavy copper 
wire. A mark, C, was made on the capillary 
tube 50 mm. above the rubber stopper. At the 
beginning of an experiment the cell was filled to 
the mark on the capillary tube and the tripod 
was so adjusted that the surface of the liquid in 
tlie beaker was on a level with the liquid in the 
tube. Rise of liquids in the tubes, due to capil¬ 
larity, was in no case greater than 8 mm. No 
corrections were made for capillary ascension in 
any of the following experiments, consequently, 
rise of liquids in the tubes to heights of 8 mm. 
or less cannot be interpreted as indicating 
osmotic effects: The heights of the liquids in the capillaries were read 
with a millimeter scale and estimated to o 5 mm. The temperature, 
while not constant, was held at approximately 20®. Slight changes in 
temperature were not taken into consideration, inasmuch as all the ex¬ 
periments in each set were run simultaneously and comparative values 
only were desired. The volume of the liquid in the beakers in all the ex¬ 
periments was 750 cc. Loss of liquid from the beakers by evaporation 
was reduced to a minimum by the use of tightly fitting cardboard covers. 
Before starting the osmotic experiments, distilled water was drawn through 
the membranes by means of suction for at least 12 hours. No attempt 
was made to obtain maximum or quantitative effects, qualitative and com¬ 
parable values only being sought The results so obtained, however, 
have brought out some rather unexpected relations which seem sufficiently 
promising to warrant a further and more exacting research of a truly 
quantitative nature along simtlfM- Unes. 

1 Loc, cU. 
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SiiiefimenteL 

Cdls coiij^tructed as above described were filled with sugar solutions of 
concentrations M/s, M/20 and M/50. These cells were then placed 
in distilled water and tested. Positive osmotic effects were obtained with 
each of the solutions, the magnitude of the effects varying with the concen> 
tration. In the subsequent experiments the same grade of porcelain was 
used with solutions of sulfates, chlorides and nitrates of K, NH4, Na, Li, 
Zn, Mn and Mg; also with acetates of K, NH4, Na, Zn and Mn. 

The salt solutions were put into the osmotic cells which were then paced 
in the beakers containing distilled water. The results, which are given 
in Tables I, II, III, IV, V, VI and VII, are expressed in millimeters and 
represent rise (+) or fall (—) from the zero mark (mark C) on the capil¬ 
lary tube: 

Table I. 

Concentration M/io, Chlorides (solution in cell). 


ECl. NH4CL NaCI. UCl* ZnCU. Mods. MfCls. 

Apr. II, 9P.M. 000 00 O o 

Apr. 12, 9 p.M. 6 4 —^4 — 9 —19 —17 —15 . 

Apr. 13, 9 P.M. 12 6 —^8 —18 —29 —29 —29 

Apr. 14, 9 p.M. 20 12 —8 —24 —^33 —^35 —^37 s 

Apr. 15,9P.M. 25 15.5 —8 —27 —36.5 —39 5 —43 

Apr. 16, 9 P.M. 27 17 —7-5 *—29 —38.5 —43 —48 

Apr. 17, 9 p.M. 28.5 19.5 —7 —^31 —^40.5 —^46 —51 

Apr. 18, 9 P.M. 28.5 20 —7 —32 —^41.5 —47.5 

Apr. 19, 9 P.M. 28 21 —7 —35 —44 5 —50 

Apr. 20, 9 P.M. 27 5 21 —7 —34 —45 

Apr. 23, 9 P.M. 26 21 —7 —34 —^45 


Table II. 

Concentration M/io. Nitrates (solution in cell). 


KNOi. NH<NOs. NaNOs. LiNOt. Zo(NOt)t. M]i(NO»)f. Mg(NOi)A 

Apr. II, 9 P.M. 00 o o o o o 

Apr. 12, 9 P.M. II 5 —2 —18 —11 —15 —15.5 

Apr. 13, 9 p.M. 21 U.5 —6.5 —^33 —19 —26 —23 

Apr. 14, 9 p.M. 32.5 19.5 —8 —^44 —26 —32 —29 

Apr. 15,9 P.M. 39.5 26 —8 —50 —31 —37 —33 

Apr. 16,9 P.M. 43 29.5 —6 —^34 —^40 —36 

Apr. 17, 9 p.M. 45 .32 —5 —39 —44 —39 

Apr. 18, 9P.M. 47 33.5 —5 —42 —45 —41 

Apr. 19, 9 p.M. 45 33.5—5 —45 —49 —45 

Apr. 20,9 P.M. 45 33.5 —5 —47.5 —50 —46 

Apr. 23, 9 P.M. 45 33 —5 —50 .. —48 


^ M, is used to indicate molecular normal. 

* Other sets of experiments with these chloride solutions have since been carried 
out in a siinilar manner. In all the subsequent experiments 14 C 1 was found to Eive 
greater negative effects {i, e., greater negative osmose) than ZsxCk, MnCU or MgCls. 
The exceptional order of LiCl in this set of experiments Is due to some cause unjcnown 
to Uie author. The original values are given in the tables in order to preserve the 
data of the entire series of experiments which were carried out simultaneously. 
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Tablb III. 


Concentration M/xo. 


Sulfates (solution in cell). 



KiSOi. (MH«)«S 04 . 

Ka«S 04 . 

Li^ 4 . 

ZnS 04 . 

MnS 04 . 

Mg 804 . 

Apr. II, Q P.M. 

.. 0 

0 

0 

0 

0 

0 

0 

Apr. 12, 9 P.M,.. . 

41 

37 

27 

16.5 

0 

2 

4 

Apr, 13, 9 P.M. .. 

67.5 

57 

42 5 

27 

—3 

-2 

2 

Apr. 14, 9 P.M. 

89 

72 

55 

37 5 

—4 

-2 

I 

Apr. 15, 9 P.M. 

99 5 

80 

61 

43 

--6 

—4 5 

—I 

Apr. 16, 9 P.M. 

103 

82 

62 

46 

—7 


—2 

Apr. 17, 9 P.M _ 

.. 105 

84 

62 

46.5 

—8 

—.9 

—4 

ApJit, 18, 9 r M - 

.. 103 

83 

60 

46 

—8 

- -9 


Apr. 19, 9 P.M. 

98 

80 

58 

44 

-~8 

—9 

—5 

Apr. 20, 9 P.M. 

96 

80 

57 

43.5 

—8 

--9 

—5 



Tabi,e IV. 





Concentration M/5. 


Sulfates (solution in cell). 



KaS 04 . (NHOtSO*. 

NaaS 04 . 

LbSOi. 

ZnS 04 . 

MnS 04 . 

MgSCb. 

May 17, 9 P.M.. 

0 

0 

0 

0 

0 

0 

0 

May 18, 9 P.M. 

• • 54 

43 

29 

3 

—12 

— 9 

— 7‘5 

May 19, 9 P.M. 

.. 80 

62 5 

43 

3 

—x6 

—13 

—11 

May 20, 9 P.M.... 

.. 89 

72 

49 

1 

-^20 

—16 

—14 

May 21, 9 P.M. 

. . 92 

75 

51 

0 

—22 

—18 

—16 

May 22, 9 P.M. 

. 91 

75 

51 

0 

—24 

—19 

—17 



Table V. 





Concentration M/2. 


Sulfates (solution in cell). 



Ki 80 «. (NH 4 )iS 04 . 

Na«SO«. 

LbSOi. 

ZaSCb. 

MnSOt. 

MgS 04 . 

May 24, 9 P.M.... 

0 

0 

0 

0 

0 

0 

0 

May 25, 9 P.M., ., 

47 5 

4 X 

23 

4 

—12.5 

—10.5 

7 

May 26, 9 P.M 

61 

5 * 

30 

3 

—15 

—12 

~~I 3 

May 27, 9 P.M. .. 

.. 8 t .5 

68 

40 

0 

—21 

—x6 

—19 

May 28, 9 P.M. 

. . 82 

69 5 

40 

0 

—23 

—18 

—21 

May 29, 9 P.M.. 

, . 81 

695 

39 

0 

—28 

—24 

“^5 



Table VI. 





Concentration M/io. 


Acetates (solution in cell). 



KCtHtOt. 

(NH4)CtHaOi. NaCtHiOa. 

Zn(CiH«Oi)». Mn(CtHK>i)t. 

May 31,9 P.M_ 

0 

0 


0 

0 


0 

June I. 9 PM 

73 

48 


39 

”~13 


-10 

June 2, 9 P.M_ 

99 

53 


51 

—x8 

— 


June 3, 9 P.M_ 

.. II5 

55 


60 

—20 

- 


June 4.9 P.M. .. 

I 2 I 

55 


64 

—22 

— 

-16 

June 5, 9 P.M_ 

. . 122 

55 


64.5 

—23 

- 

-17 

June 6, 9 P.M_ 

.. 123.5 

55 


65 

—24.5 

-18 

June 7. 9 P.M _ 

.. 123 

54 


65 

—26 


-20 

June 8, 9 P.M_ 

123 

53 


64.5 

—28 

—21 

June 9, 9 P.M_ 

.. I 2 I .5 

51 


64 

—28 

5 -*-21 


It is noted that all the potassium and ammonium salts investigated 
gave positive osmose, sodium sulfate and sodium acetate gave positive 
osmose, lithium sulfate was also positive. All the other salts inves¬ 
tigated gave native osmose. The magnitudes of the negative effects 
are obviously greats than can be accounted for by differences in density 
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or differences in surface tension of the solutions, in these instances, then 
the so-called exosmotic current is greater than the endosmotic current. 
The lowering of the liquid column is of considerable magnitude and must 
indicate a negative pressure within the cell. In order to obtain better 
data relative to the direction of flow, pure water was placed within the 
cells and the salt solutions (750 cc.) outside. The results obtained with 
this arrangement are as follows: 

Tabus VII. 

Concentration M/10. Chlorides (solution outside). 



Ka. 

NHdO. 

NaO. 

Lia. 

ZnCh. 

MnCU. 

May 17, 9 p.M. 

0 

0 

0 

0 

0 

0 

May i 8 , 9 p.m. 

1 

0 

t 6 

20 

20.5 

20 5 

May 19, 9 p.m. 

4 

2 

21 

31 5 

23 5 

24 5 

May 30 , 9 P.M. 

5 

4 

24 

37.5 

23.5 

25 

May 21, 9 P.M. 

5 

4 

24 

40 

23 

24 5 

May 22, 9 P.M. 

5 

3 5 

24 

41 

22.5 

24 

May 23, 9 P.M. 

5 3 5 

Table VIII. 

24 

4 * 

20 

22 5 

Concentration M/5. 


Chlorides (solution outside). 



KCl. 

NH4CI. 

Naa. 

LiCl. 

ZnClt. 

MnCU. 

May 24, 9 P.M. 

0 

0 

0 

0 

0 

0 

May 25, 9 P.M. 

5 

1 

20 

29 

*5 

15 5 

May 26, 9 P.M. 

9.5 

5-5 

25 -5 

43 

18.5 

19 

May 27, 9 P.M. 

12 

8 

28 

52 

20.5 

20 5 

May 38, 9 P.M. 

12.5 

7.5 

28 

53.5 

20 

20 

May 29, 9 P.M. 

12 5 7-5 

Table IX. 

28 

53-5 

20 

19 


Concentration M/10. Nitrates (solution outside). 



KNQ$. 

NHdNOt. 

NaNOi. 

l^NOt. 

Zn(NOi)t. 

Mn(NOi)s. 

Mg<NOt)t. 

May 7, 9 P.M. 

0 

0 

0 

0 

0 

0 

0 

May 8, 9 p.m 

. —*3 

—3 

XI 

21 

9 

12 

12 

May 9, 9 P.M, 

0 

0 

16.5 

36 

15 5 

17 

19 

May 10, 9 P.M. 

I 

I 

19 

44 

x8 

18 

21 

May IX, 9 P.M. 

I 

I 

19 

46 

18 

18 

21 

May 12, 9 P.M. 

I 

I 

19 

47 

18 

17 

20 

May 13, 9 P.M. 

1.5 

15 

19 

48 

18 

17 

20 

May 14, 9 P.M 

X 

I 

17 

46.5 

17 

15 

iS 

May 13, 9 P.M. 

0 

I 

16 

45 

16 

13 

x6 




Table 

X. 




Concentration M/5. 


Nitrates (solution outside). 



KKQ*. 

KBiNOt. 

KaKOa 

LINO*. 

ZB(KOi)i. 

Mii(KOi)f. 

Mf(NO»)t. 

May 17, 9F.M.. 

. . 0 

0 

0 

0 

0 

0 

0 

May i8r 9 . 

. . 0 

1 

17 

33 

9 

7.5 

xo 

May X9, 9 p.m. . 

2 

3 

23 

46 

12 

8 

12 

May 20, 9 P.M.. 

• 3 

4 

25 

52 

13 

7 

12 

May 21, 9 P.1I.. 

.• 4 

4 

25 

55 

*3 

6 

12 

May 22, 9PJM.. 

.. 3 

3.3 

24.5 

55 

13 

6 

XI.S 

MEy 24, 9 F.M. s 

.. a 

3 

23.5 

53 

X 2 

5 

9 

















NBGATIVB OSMOSE. 


651 


Tahz^ XI. 

Concentration M/2. Sulfates (solution outside). 




iCtSOi. 

(NH 4 )|S 04 . 

Na*S 04 . 

Li»S 04 . 

Z11SO4. 

MnSO«. 

MgSOi. 

May 

29, 9 P.M. . 

0 

0 

0 

0 

0 

0 

0 

May 

30.9 P.M. . 

—2 

—I 

0.5 

4 5 

5.5 

4 S 

4 5 

May 

31, 9 P.M. . 

--4 

—2 

0 5 

6 

8 

H 

8 

June 

I, 9 P.M 

. . —3 5 

-2 

0 5 

5 5 

5 

If) 

9 

June 

2 . 9 P.M. . . 

-4 5 

—3 5 

5 

5 5 

9 

11 

10 

June 

3, 9 P.M ... 


5 

0-5 

5 

10 

12 

10 5 

June 

4. 9 P.M. ... 

—5 

—5 

0 5 

5 

10 

12 

10 

June 

5» 9 P M. . 

. • —5 

—5 

0 5 

5 

9 5 

13 

10 


Tabi.e XII. 

Concentration M/10. Acetates (solution outside) 



KCtHtOt. 

NH 4 C«HaO». 

NftCsHiOs. 

Zn(CtHaOa>ft. 

Mn(C«H«Ot)t. 

Oct. 20, 9 P.M. 

0 

0 

0 

0 

0 

Oct. 21, 9 P.M_ 

—*13 5 

- 9 

—5 

6 

6 

Oct. 22, 9 PM. 

—19 5 

— 12 

—^ 

^ 5 

7 

Oct. 23, 9 P.M. . 

—20 

-13 

■-6 

7 

8 

Oct. 24, 9 P M 

—21 

-14 


ft 5 

9 

Oct. 25, 9 P.M. . 

. . —21 



6 

9 5 

Oct. 26, 9 P.M. . 

—21 

— 15 

—6 

5 5 

9 5 

Oct. 27, 9 P.M. . . 

. . -20 

~I 5 

—6 

5 

9 


The conditions of the above experiments were such that, had perfect 
semipermeable membranes been used, positive osmose theoretically 
should have been obtained in every case. The magnitude of the effects, 
although of the same order, would not have been identical, inasmuch 
as the solutions were not isotonic (owing to dissociation). The mem¬ 
branes used in these experiments were not semipermeable in the true sense 
of the word, but permitted the solute to diffuse outward into the pure 
water. In some cases this diffusion produced a negative osmotic current 
which was greater than the positive osmotic current and resulted in a flow 
of liquid which increased the volume of the dilute solution. This flow 
continued even though opposed by hydrostatic pressure which was in 
some instances as great as 50 millimeters. It seems reasonable to sup¬ 
pose, however, that there is in all cases a tendency to produce positive 
osmotic effects but that this tendency is, in those instances in which we 
obtain negative osmose, exceeded by some force which more than counter¬ 
balances the positive osmotic tendency. 

From the above data it appears that the magnitude of negative osmose 
is closely related to the migration velocities of the ions. When the cations 
of the nitrate or chloride solutions are arranged in the order of increasing 
negative osmose values, this order is found to be the reverse of the order 
of increasing migration velocity values of these cations. It may be stated 
then that the greatest negative osmose is obtained with those solutions 
(of nitrates and chlorides) in which we have the greatest difference be- 
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tween tiiie migration velocities of cation and anion. The sulfate and ace* 
tate solutions seem to ofifer some exceptions to the above rule; conse¬ 
quently, factors other than ionic migration velocities must also be taken 
into consideration to account for the order of negative osmose of these 
solutions. 

Diffusion of Salt through Ike Membranes .—Experiments were carried 
out to determine the extent of salt diffusion during the negative osmotic 
flow. Pure water was placed within the cells, chloride solutions outside. 
Equivalent quantities of chloride solutions were used and showed a maxi¬ 
mum pressure at the end of six days. The amount of chloride which had 
dIflFused into the cells during this period was determined by titrating the 
contents of the cells with standard AgNOs solution (M/io). The results 
are given in Table XIII. Column 2 gives the number of cc. of M/io 
AgNO« solution which was required to precipitate the chloride which 
had diffused into the cell during the experiment (six days). Column 3 
gives the relative equivalent quantities of chlorides which had diffused 
into the cells (KCl = i): 

Table XIII. 


Cc. AsNOi Bqttivalents oC 
required. salt diffuaed. 

M/s KCl. 3,50 1.000 

M/3 NH4CI. 3.00 0.857 

M/5 NaCl. 2.80 o. 799 

M/3 LiCl. 2,15 0.614 

M/io ZnCla. 2.60 o.743 

M/10 MnCli. 2 50 0.714 


This experiment brought out the interesting fact that the cells which have 
the greatest flow of liquid, as a whole, into them (when set up in this re¬ 
verse order) have, on the other hand, the smallest quantities of the salts 
diffusing into them. 

Nernst' pointed out that the diffusion velocity of salts is proportional 
to the product of the velocities of the cation and anion. J. C. Graham* 
has shown experimentally that this generalization holds for a large 
number of salts investigated by him and also that, when the cations and 
anions are arranged according to diffusion velocities, the order is very 
stmflar to that when they are arranged according to their mobilities under 
influence of electric potential. That this order is also similar to the order 
<rf diffusion quantities of the corresponidng salts through porcelain mem¬ 
branes is ^own by the following table. Column i gives values repre- 
sentating relative diffusion velocities of the salts (Graham). Column 2 
gives the relative ionic migration velocities of the cations (Arrhenius). 
Column 3 gives the ratio of equivalent quantities of salts which diffused 
through the porcelain membranes: 

1 Z . physik . Chem ., a, 613 (1888). 

• Ibid ., $9, 691 (1907)- 
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Tablb XIV. 


Siat. 

1. 

2. 

3 . 

KCl. 

. I.000 

I .000 

I 000 

NH4CI. 

. 0 984 

0 983 

0 857 

NaCl. 

. 0 744 

0.673 

0 799 

LiCl. 

0.718 

0.517 

0 O41 

ZnCl,. 

. 0-558 

0.722 

743 

MnCl*. 

. 0.584 


0 714 


Dutrochet^ was the first to give an account of negative osmose with 
inorganic membranes (1827). 

Thomas Graham* observed a negative osmotic flow in connection 
with his work with solutions of electrolytes and porcelain membranes. 
He did not, however, measure either positive or negative pressures; 
in fact, he prevented inequality of pressure on the membrane by keeping 
the level of the water adjusted to the height of the liquid in the “osmom¬ 
eter'* tube and measured only the change in volume of the solution. 
The apparent irregularities obtained with porcelain membranes and solu¬ 
tions of electrolytes were believed by him to be due mainly to chemical 
interaction between electrolyte and membrane. Solutions of alkalies 
gave negative effects and it was believed that “The caustic alkalies have 
probably too strong a disorganizing action upon the septum to allow os¬ 
mose to proceed undisturbed." Owing to the unsatisfactory behavior 
of the porous membranes he did not give results of his “numerous experi¬ 
ments which had been made with the earthen osmometer" but confined 
his data to work with other membranes which had proved less trouble¬ 
some. In general, the results obtained by Graham witli porcelain mem¬ 
branes are very similar to tlie results given in this paper. The irregulari¬ 
ties encoimtered by him can be explained by use of the theory which is 
outlined in the theoretical part of this paper and which is offered to ac¬ 
count for the behavior of solutions of electrolytes in the osmotic cells of 
porcelain above described. 

Relation of Pore Diameter to Negative Osmose, —A number of experiments 
have been carried out to determine to what extent pore diameter effects 
negative osmose. With M/io MgCh solutions, and with porc^elain mem¬ 
branes having pore diameters greater than o. 4 micron, no apparent osmotic 
effects were obtained. With pore diameters between 0.4 and o, 1 micTon 
negative osmose was noted. By using a denser grade of porcelain, one with 
pore diameters somewhat less than o.i micron, positive osmose was ob¬ 
tained, i. e,, the flow was in the direction that is usual with osmotic experi¬ 
ments when " semipermeable" membranes are used. It seems probable, 
therefore, that negative osmose with MgClj solution predominates only 
when pore diameters of the membrane lie between the o. 1 and o. 4 micron 

1 Aftn. Chim., 35, 393 (1827). 

•Phil. Trans., 144, 177 (1854). 
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value. With pore diameters greater than 0.4 micron there is no measurable 
flow through the membrane. With pore diameters somewhat less than 
o. I micron positive osmose predominates. 

Theoretical. 


A Consideration of the above described experiments makes it seem 
probable that the phenomenon of negative osmose is clofsely related to 
the process of electric endosmose and that the flow of liquid through the 
membrane is brought about by a difference in electric potential, the two 
ends of the capillaries of the membrane becoming, in some way, oppositely 
diarged. 

Potential differences have been shown to exist in such membranes as 
animal cells,^ frog muscle,* vegetable skins,® and other living tissue;^ 
also membranes of copper ferrocyanide,® clay® and other insoluble sub¬ 
stances. Nemst's theory of potentials in which use is made of the well 


known formula, £ — 


RT U —V 
nF U + V 


C 

In together with the theory of se- 
C2 


lective permeability of the ions, has been employed in practically all such 
cases to account for this phenomenon. 

While Nemst's theory may account for the difference in potential ex¬ 
isting between two solutions of different concentrations it does not, alone, 
account for the polarization of the capillaries and flow of solution through 
the membrane. The polarization of such membranes has been ascribed 
by Perrin* to be due to contact electrification, the potential of the wall 
being largely dependent upon the preponderance of H ion or OH ion. 
Girard* found that this theory satisfactorily accounted for the direction of 
flow of various solutions in osmotic experiments with membranes of pig 
bladder. Unquestionably the relative absorption of the cations and anions 
by the membrane must also be taken into consideration in order to ac¬ 
count for the polarization; however, it appears that this adsorption is 
closely related to ionic migration velocities. 

Cohen'* was led to the conclusion that a substance having a lower 
dielectric constant than the liquid in which it is placed assumes a nega- 


* Oker-Blom, PflUger’s Archiv., 84, 191 (1901). Ostwald, Z , physik. Chem., 6, 71 
(1890). 

* Brunings, PflUger*s Archiv., 48, 241 (1903). 

’ Loeb and Beutner, Science, 34, 866. 

^ Lillie, Am, J. Physiai., aS, 194 (19^1). Girard, Rm§e gfyUrak des Science, ao, 
694 (1909). 

* Bcutner, /. Phys, Chem., 17, 344 (1913)* 

* Brdniiigs, PfiUger^s Archiv., xx7, 409 (1907). 

^ Nemst, Z. physik, Chem., 9, 137 (1892), 

* /. Mm, a, 601 (1904). 

* Loc. cU. 

Wied , Ann ., 64, 217 (1898). 
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live charge. Porcelain placed in water would give the Helmholtz double 
layer, ^ the porcelain bearing the negative charge, the outer layer of water 
the positive charge. It has been shown by Perrin* that a porous mem¬ 
brane in sufficiently strong acid solution becomes charged positively, 
while in sufficiently strong alkaline solution the membrane becomes 
charged negatively. Electric endosmose with a porcelain membrane and 
a sufficiently strong acid solution produces, then, a flow of solution through 
the membrane from cathode to anode; with an alkaline solution the di¬ 
rection of flow is from anode to cathode. 

The sign of the charge on a membrane depends, undoubtedly, on the rela¬ 
tive adsorption of cation and anion. The membrane becomes positive if the 
cation, and negative if the anion, is adsorbed to the greater extent.® By 
taking into consideration the relative adsorption of all ions present the 
polarization of the membrane and tlie direction of flow of the solution can 
thus be accounted for. If we assume, for instance, that adsorption of rela¬ 
tively more cation than anion were to take place at one end of a capillary, 
tliat end would become charged positively and would, therefore, function as 
does the anode in the process of electric osmose. The direction of flow 
through a tube so polarized would be toward the end charged negatively. 
In the various salt solutions the differences in potential would, to a large 
extent, depend on the relative adsorption of the ions by the walls of the 
tube and on the concentration of the solutions. To account for tlie relative 
osmose of the sulfates, chlorides and nitrates in tlie above experiments we 
must assume that relatively more sulfate ion is adsorbed than chloride or 
nitrate ion.* In a porcelain membrane we are undoubtedly dealing with 
a somewhat complex system of short capillaries;® however, the same rea¬ 
soning can be applied. 

The well known fact that the amount of a dissolved substance adsorbed 
by a solid mass increases much more slowly tlian the concentration of the 
solution would account for the comparatively slight differences of osmose 
with the different concentrations. 

Summary. 

I. Salt solutions of sulfates, chlorides, nitrates and acetates were placed 
in osmotic cells which were constructed of porcelain membranes of the 
same degree of porosity. Some of the solutions gave positive osmose, 
i. 0,, the direction of flow of liquid was from the dilute to the more concen- 

1 Wted. Ann., 7, 351 (1879). 

* Loc. cit. 

» Bancroft. J. Pkys. Chem., 16, 312 (1912). 

* These results are in accord with assumptions made by Bancroft in order to ex¬ 
plain some apparent exceptions to the general rule in experiments of elecUic osmose. 
Loc . cit . 

* Bigelow, This Journal, ag, 1675 (1907). 
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trated solution; others gave negative osmose; the dhectkm of flow in these 
unusual cases was from the concentrated to the mme dilute solution. 

2. Cells were set up with pure water inside and salt sdutions outside. 
When set up in this reversed manner, the solutions which had previously* 
given decreased pressure within the cells now gave increased pressure, 
that is, the direction of flow was from concentrated to dilute solution 
even though opposed by hydrostatic pressure. 

3. The quantities of the salts which diffused through the membranes 
were determined. It was found that the order of diffusion quantities of 
the salts through the porcelain membranes is practically the same as the 
order of diffusion velocities when no membrane is present. Also it was 
found that the membranes which have the greatest negative osmose 
through them have, on the other hand, the smallest quantities of salts 
diffusing through them. 

4. The flow of the solution as a whole through the membrane, in all the 
experiments with the nitrates and chlorides, was toward the more dilute 
solution, provided the anion had a somewhat greater migration velocity 
than the cation; also the greater the difference between the migration 
velocities of anion and cation the greater the rate of flow. 

5. It lias been shown that the appearance of negative osmose is depend¬ 
ent on the pore diameter of the membrane. Negative osmose of MgClt 
in neutral solution, and with porcelain membranes, predominates only 
when the pore diameters are somewhat less tlian 0.4 micron. 

6. The facts brought out in this investigation seem to indicate that 
negative osmose is dependent on the electrical polarization of the capil¬ 
laries of the membrane, also it seems probable that this polarization 
is largely brought about through ionic adsorption by the membrane. 

Umivbrszty of Michioan. 

Akk Arbor. Mjch. _ . 

NOTE. 

Convenient Standard End Point in the Titration oj Alkali Carbonates 
with Hydrochloric Acid. —As long ago as 1897, Ktister' pointed out that, in 
the titration of sodium carbonate against hydrochloric acid, when equiv¬ 
alent amoimt of acids and base have been used, the solution contains free 
carbonic acid, and that this acid exerts an appreciable effect on the color 
of an aqueous solution of methyl orange. A tenth normal solution of 
carbonic acid, which results from titration with fifth normal solutions, is 
a little more than saturated with carbon dioxide at 20°. 

Kfister recommends adjusting the color of the solution obtained in titra¬ 
tion to that of a saturated aqueous solution of carbon dioxide containing 
methyl orange. Unfortunately, this standard end point is not permanent, 
even in corked vessels, owing probably both to the escape of carbon dioxide 
’ Z. anorg. Chem., 13, 141 (1897). 
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and to the solubility of the alkaline constituents of the glass, and hence it 
must frequently be renewed. A similar color with methyl orange obviously 
may be produced by aqueous solutions of other acids or add salts of suitable 
-concentration. Of these, monopotassium and monosodium phosphate are 
particularly well adapted for the purpose, since the addity of solutions of 
these substances is affected relatively slowly by the addition of acids or 
alkalies. Although the dissociation constant of the second hydrogen of 
phosphoric acid, 2 X 10“^, is nearly identical with that of the first hydrogen 
of carbonic acid, 3 X 10"“^, the acidity of a solution of monosodium phos¬ 
phate is somewhat less than that of an equivalent solution of carbonic add, 
owing possibly to hydrolysis. Comparison of the color of a saturated 
aqueous solution of carbon dioxide, containing methyl orange, and solutions 
of monosodium phosphate of various concentrations, also containing methyl 
orange, shows that the carbonic acid solution is perceptibly less acid than 
a phosphate solution containing 20 g. of crystals^ in 100 g. of water, more 
so than one containing 15 g. of crystals in 100 g. of water, while a solu¬ 
tion of 17.5 g. of crystals in 100 g. of water possesses apparently the same 
color as the carbonic add solution. An equivalent solution of mono¬ 
potassium phosphate, containing 15.3 g. of crystals^ was found to be iden¬ 
tical in color with the solutions of the sodium salt. Since the hydrogen 
ion concentration of a carbonic acid solution changes only from about 2.5 
X io‘* to 1.2 X between the limits of 0.2 normal and 0.05 normal, 
and since this difference in the hydrogen ion concentration corresponds 
to only 0.06 cc. fifth normal hydrochloric acid in 100 cc., and since, by 
escape of carbon dioxide, more concentrated solutions tend to approach a 
concentration of tenth normal, it is obvious that the above end point can 
safely be used in the titration of solutions from half to tenth normal. 

Before being used, both salts should be crystallized to free them from 
phosphoric acid or disodium phosphate. Owing to its lesser solubility, the 
potassium salt is somewhat more easily pinrilied and therefore better 
adapted for the purpose.* Gregory Paul Baxter. 

T. CoouDOB Mbmoriai. Labokatort. 

Harvard UmVBRsrry. C ambridob. Mass. 


OBSERVATIONS ON SOME BARBIER-GRIGNARD REACTIONS. 

By L. P. XyRXAKiDBS. 

Received PebniRry 2, 1914 

Methykthylethylene chlorhydrin: Ckloro - i - methyl - 2 - butanol - 2, 
CHs.CHa.C(CH»)(OH).CH8Cl—The chlorhydrins are usually obtained 
by the addition of hypochlorous acid to the unsaturated hydrocarbons. 

* NaHtPO.atHtO. This hydrate crystallizes between 41® and o*. Imadsu, Mem, 
Cell, Sci, Eng, Kyoto Imp, Univ,, 3, 237 (1912). 

»KHiPOi. 

• This was pointed out to me by Dr. H. H. Willard. 
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M. Ti£Eeneau^ has prepaied scane of the iiasyimiaetrical cfaforhydrins b}r 
the acti(m of organomagnesiuin compounds on chforoacetone. In a paper 
on these preparations, he observes that he obtained chloro-i*meth)rl-2- 
batanol-2, with a yield of 72%, by the action of ethylmagnesiumbromide on. 
dhloroacetone. In a later paper by Foumeau and TifFeneau*, we read that 
the substance, described in the latter’s previous paper, with the boiling^ 
point 149-151®, was not a homogeneous compound. They discovered, 
that the reaction product consisted of a mixture of two compounds, both 
boiling at identically the same temperature; so that they could not be 
separated by fractional distillation. One of these substances was the nor¬ 
mal Barbier-Grignard reaction product, boiling at 152-153 ®. The by-prod¬ 
uct consisted of ethyl-2-pentanol-3, CHt.CH(CHs.CHs).CH(OH).CHt.CHt, 
bc^ing at 150®. This latter substance must have been formed by the ac¬ 
tion of the organomagnesium compound on either methyl-2-butylene- 

oxide-i,2(CHs.CH].C(CHt).CHji) or its metamer, methylethylacetalde- 
hyde (CH».CHj.CH(CHi).CHO) either of which might have been 
formed from the chloroalcohol during the reaction. The authors separated 
the two compounds by transforming the chlorhydrin to the oxide, whose 
boiling point is much lower than that of the alcohols. 

Having discovered that oxides could be easily dehydrated to the corre¬ 
sponding hydrocarbons with conjugated double bonds, we undertook the 
study of Tiifeneau’s synthesis. We were soon confronted with the fact 
that the yields of oxide, obtained by the treatment of the crude Barbier- 
Grignard reaction product with potassium hydroxide, varied within wide 
limits. In fact, at times it seemed that the side products were the main 
result of the reaction. These variations were found to be due to thermo¬ 
chemical causes. As the heat evolved in the action of chloroacetone on 
ethylmagnesium bromide is very great, local heating plays a prominent 
part during the reaction. 

The Barbier-Grignard reaction is therefore carried out as follows; 67 g. 
tni^esium turnings are put in a 2 •/» liter bottle provided with a condenser 
and then covered with 750 cc. dry ether. The Grignard reagent is pre¬ 
pared by gradually adding a solution of 307 g. ethylbromide in 300 cc. dry 
ether. The reagent is treated with 400 cc. more ether, cooled by means 
of ice and salt to below —10®, and treated slowly, at sudh a rate 
that the drops can be counted, with a solution of 250 g. chloroacetone 
in 250 cc. ether. The bottle is kept in vigorous motion during the 
addition, which takes about iVs hours. The freezing mixture is renewed 
several times, in c»der to keep the temperature of the reaction mixture 
as low as possible. In this way, the addition product is obtained in 

* Compt. rend., X34, 774 (1903). 

* Ibid.. 145, 437 (1907) 
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putverulent form» floating throughout the liquid. The vigorous shak¬ 
ing, besides, hinders the addition product from falling into lumps 
and enclosing any of the free Grignard reagent. The reaction product 
prepared in this way is almost colorless, having at most only a very light 
yellow tinge. After tlie addition of the chloroacetone, the condenser is 
taken off, the bottle is stoppered, the latter shaken for a short time, and 
left in ice for an hour or two. The decomposition of the products is ef¬ 
fected with ice and dilute acetic acid. The ethereal solution is washed 
several times with water, shaken with powdered calcium carbonate, dried 
over calcium chloride, and the ether distilled off through a column, until 
the water bath attains a temperature of 90-^5®". 

Methyl-2-butyleneoxide-1 ,2— CHs.CH2.Cf CHs) .CHs. —The residue ob¬ 
tained above, after distilling off the ether, is cooled with ice-water and 
treated slowly, while shaking, with a cold solution of 220 g. potassium hy¬ 
droxide in 150 cc. water. After a short shaking, the upper layer is sepa¬ 
rated, dried over potassium carbonate, and the oxide is obtained by frac¬ 
tional distillation through a column. The aqueous alkaline layer is shaken 
once with a little ether, the ethereal layer dried, and fractioned separately. 
The crude oxide fractions are united and refractioned. The fraction 
boiling 78-85® is collected as oxide. This fraction, boiling mostly at 
80-83®, weighed over 150 g., and contained traces of the metameric methyl- 
ethylacetaldehyde. The yield of oxide was, therefore, over 65^ of the 
theoretical on the magnesium originally used. ^ As the oxide is easily hydro¬ 
lyzed, it is possible that some of it may have been transformed to the corre¬ 
sponding glycol, which might have been present in the residues from tlie 
oxide. These residues were not studied, further than that some small 
amounts of Fourneau and Tiffeneau’s compound--ethyl-2-pentanol-3— 
could be isolated. 

It is the belief of the ^Titer that, by more efficient cooling and shaking 
of the Grignard reagent during the addition of the chloroacetone, the yield 
of methylchlorobutanol, and consequently that of the oxide, can be further 
increased. 

Barhier-Grignard Reactions with EthylcMoride, —As far as I know, ethyl- 
chloride has not been hitlierto used in ordinary organomagnesium reac¬ 
tions. Spencer and Mary Crewdon* describe the action of magnesium on 
ethylchloride at 260®, whereby they obtain a mixture of gases, consisting 
of butane, olefines and hydrogen. 

As the use of ethylchloride instead of the bromide would be more advan¬ 
tageous on the large scale, I have thought of making use of it in preparing 

* As in the preparation of the Gris^ard reagent, 5 g of magnesium had not gone in 
solution, the yield of oxide would be 68‘'J. 

* Chem Zentr , 1909, 1 , 146. 
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the Grign&rd reagent. The results obtained were excellent. The reagent 
was prepared as follows: 77 g. magnesium^ in a a-liter thick-walled bottle, 
were covered with i liter dry ether, and treated with a crystal of iodine 
and I cc. methyl iodide. The bottle was then cooled in ice-water and 34 g. 
ethylchloride were condensed in the ether. The bottle was closed tightly 
with a rubber stopper carrying a thermometer, whose bulb dipped within 
the ether, and the latter was warmed at its boiling point for some time. 
The liquid w^as then cooled down and about 60 g. ethyl chloride were con¬ 
densed in it. The solution was then warmed again, and the process re¬ 
peated until in all about 220 g. of the chloride had been added. This 
amount of the chloride is a little more than the theoretical amount required 
by the magnesium used. The metal is very smoothly and rapidly attacked, 
once the reaction is made to begin. In this preparation about 5 g. of the 
metal were left unattacked. It |s to be observed that, as this reaction was 
carried out in a closed vessel, there would be no appreciable loss of ether or 
ethylchloride. 

The Grignard reagent was cooled and treated with a solution of 275 g. 
chloroacetone—equivalent to 72 g. magnesium—^in an equal volume of 
ether. In spite of the fact that this addition was not carried out very 
carefully, I obtained 153 g. of methylethylethyleneoxide from the crude 
reaction product. This amount of the oxide corresponds to about 60% 
of the theoretical yield on the chloroacetone used. 

A similar reaction between ethylmagnesium chloride and acetone gave 
over 70% of tertiary amylalcohol—(CH8)2C(OH).CH2.CH8. 

One of the advantages of using ethylmagnesiumchloride in the prepa¬ 
ration of methyl-2-butylene oxide-1,2, is the fact that the addition product 
with chloroacetone is much more soluble in ether than the ethylbromide 
product. With the proportions of substances used in the example above, 
there is no separation of any solid products. In this case, therefore, the 
liquids can be cooled much more easily and local heating can be better 
avoided. 

It has been our experience that Barbier-Grignard reactions give normal 
results, as a rule, when the addition of the substances containing the car¬ 
bonyl group to the Grignard reagent is carried out slowly, with constant 
shaking and very efficient cooling. This has already been noted in the 
case of chloroacetone, where, because of the mobility of the chlorine atom, 
there is a marked tendency for abnormal reactions. 

KohlerS having carried out a great number of organometallic reactions 
with unsaturated ketones, observes that the Grignard reagent has a marked 
tendency to add itself at the double bond. In these cases he obtained^ 
besides the normal reaction products—^the unsaturated tertiary alcohols— 
> Am» Chem* 38,511 (1907). 
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also varying quantities of the saturated ketones. These two products 
are the results of two reactions taking place simultaneously, namely: 

I. R.CH : CH.CO.R + Ri MgX « 

R.CH : CH.C(RR,).OMgX —> R.CH : CH.C(RRi)(OH). 
II. R.CH : CHCOR + RiMgX = 

(RRi)CH.CH : CROMgX —^ (RROCH.CHj.COR. 

R may stand for an alkyl or an aryl residue. 

Kohler, on the basis of the results he obtained, concluded that the rel¬ 
ative amoimts of the final products in these organometallic reactions de¬ 
pend upon ‘*the nature of the unsaturated compound, the number and ar¬ 
rangement of the hydrocarbon residues, the character of the magnesium 
derivative, and possibly, temperature, concentration^ and solvent.*** 

In his experiment with ethylidene acetone and methylmagnesium bro¬ 
mide, Kohler, having used two molecules of the magnesium compound to 
one of the ketone, obtained a product which consisted 75^^ of methyliso- 
butylketone and only 2$%, at most, of the normal reaction product—methyl- 
2-penten-3-ol-2. He isolated and determined the ketone after oxidizing the 
unsaturated alcohol with dilute permanganate solution. 

Gr>"*, on the other hand, observes that the interaction of equimolecular 
quantities of methylmagnesiumiodide and ethylidene acetone resulted in 
the formation of considerable quantities of the unsaturated tertiary alcohol 
—CHg.CH : CH.C(CHs) 2(OH). He also states that, although he obtained 
products with high boiling point, he “did not encounter any ketonic prod¬ 
ucts.’* Comparing the statements and the results of the above quoted 
authors, one would assume that the difference in results lay in the relative 
amounts of the Grignard reagents used in each case. 

As unsaturated alcohols—especially those with a tertiary hydroxyl 
group—are easily dehydrated to doubly unsaturated hydrocarbons, we 
undertook the preparation of methyI-2-penten-3-ol-2 by means of the 
Barbier-Grignard reaction. 

The reagent (1V2 mol) was prepared as usual from magnesium and 
methyliodide in dry ether. It was then cooled by a freezing mixture to 
below—10®. The ethereal solution of ethylidene acetone (i mol) was 
added slowly to the reagent, vrhile the latter was kept in \4gorous motion. 
The reaction mixture was left at room temperature for a short time, and 
then decomposed with ice and dilute acetic acid. The ethereal solution 
and the extracts were shaken with dilute sodium hydroxide solution, dried 
over potassium carbonate, and the ether distilled off through a column. 
The residue was fractioned in vacuo. We obtained in this way over 80% 
of the theoretical yield (on the ketone used) of a liquid that boiled at about 
^ The italics are mine. 

» BvlL soc, chtm,, (4] 3, 377 (1908). 
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80° at 145 wmi. The residues £rom this liquid showed signs oi dehydratiofi, 
and were not studied any further. 

In order to determine the nature of the distilled product,* we made use 
of a method of mine, which I shall describe in a later paper, whereby the 
tertiary alcohol could be quantitatively dehydrated to the corresponding 
diethylenic hydrocarbon. 

On dehydrating the liquid, the dehydration products were found to con¬ 
sist to the extent of 75% of a doubly unsaturated hydrocarbon, whose 
constitution is very probably CHj.CH ; CH.C(CH») ; CHs. and not 
CHsCH : C : C(CH«)t as given by Gry.‘ This hydrocarbon boils at 
76-77®—Gry gives its boiling point as 76-79®. The residues from the 
hydrocasbon consisted mostly of the tertiary alcohol itself, which was car¬ 
ried over by the water of dehydration during the distillation of the reaction 
products. This was proven to be the case by treating the above residues 
in the same way as the original liquid. By repeating this dehydration 
process we were able to transform practically all of the Barbier-Grignard 
reaction product to the hydrocarbon. From a total of 40 g. unsaturated 
alcohol used, we could obtain barely 1 g. of a liquid, which could be identi¬ 
fied as methylisobutylketone. 

The reaction, therefore, seems to have proceeded normally; 

CH,.CH : CH.COCH, + CH,MgI = CH,CH : CHC(CH»)*OMgI —► 

CH,CH : CHC(CH.,),(OH). 

From the above results it would seem that the concentration of the Ckig- 
nard reagent does not have any appreciable effect on the course of the 
reaction. If it were otherwise, both Gry and I ought to have had consider¬ 
able amounts of methylisobutylketone. The reaction in all three cases 
was carried out by the gradual addition of the ketone to the ethereal .solu¬ 
tion of the organometallic compoimd. In every case, therefore, the mag¬ 
nesium compound was in great excess at the beginning of the reaction. 

Hence, if concentration played any important part, the final results in 
all three cases ought to have been of the same nature. In the experiment 
described above, I had ‘/j mol of the Grignard reagent in excess, and yet 
the result was not anywhere comparable with that obtained by Kohler. 
There can be no doubt, as Kohler asserts, that the course of the Barbier- 
Gr^ard reaction is influenced by the character of the reacting compo¬ 
nents. There must be other conditions, however, which influence the re¬ 
action very markedly. 

I am the opinion that efficient cooling,* and vigorous shaking during 

> BuU. soc. ekim., [4] 3,377. 

* These observations agree with those of Latham Clarke in the reaction between 
saturated ketonei of fairly high molecular weight and (urganomagnesium compounds 
[This Journai., 34,680 (ipis)}- 
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the reaction—at kast in the case discussed here—exert a normal influence, 
whereby the unsaturated alcohol is obtained as the main product. 

I might also mention here, that by following these conditions, we were 
able to improve the yields in unsaturated secondary alcohols from croton- 
aldehyde and alkylmagnesiumhalides. 

ITius we have obtained 90% of the theoretical yields of penten-2-ol-4 
and hexen-2-ol-4 from the aldehyde and methylmagnesiumiodide and ethyl- 
magnesiumbromide, respectively. 

Hydrolysis of Methyls-butyleneoxide-1,2 .—10 g. oxide were boiled with 
20 cc. water in a flask provided with a reverse cooler. The oxide layer 
began to decrease immediately and within 5 minutes disappeared completely. 
The oxide was, therefore, totally hydrated to the glycol, excepting 
for a minute quantity of methylethylacetaldehyde, which might have 
been present originally in the oxide. 

Anotlier sample of the oxide was left in contact with water at room 
temperature. The oxide layer had decreased in volume by only Vs ^ 
12 hours. Shaking would, naturally, increase the rate of hydration. 

Conclusions. 

Barbier-( »rignard reactions with aliphatic ketones and aldehydes give 
better results if carried at low temperatures. Vigorous shaking is neces« 
sary to avoid local heating. This precaution is of absolute necessity in the 
case of substances containing mobile halogen atoms. 

Organomagnesium reactions can be effected with tlie use of ethylchloride. 
The use of this substance is of especial advantage in the preparation of 
chloro-i-methyl-2-butanol*2, as the addition product between the alkyl- 
magnesiumchloride and chloroacetone is quite soluble in ether. 

In conclusion, 1 wish to express my thanks to R. B. Earle, for assisting 
me in these investigations. 

Cambusdos, Mass. 


NEW PROCESSES FOR THE PREPARATION OF UNSATURATED 
HYDROCARBONS WITH CONJUGATED DOUBLE BONDS. 

[FIRST PAPER.) 

Bt i. P Kyriakxdss 
Received Pcbrusry 2. 1914 

Pyrogenetic Decomposition of Oxides. 

The most important representative of the butadiene-1,3 hydrocarbons 
is isoprene. This substance can be transformed to a rubber-like body, 
and is supposed to be the mother-substance of the natural product. Iso¬ 
prene seems to have been first isolated by G. Williams, who also observes 
that "ozonized isoprene,” on distilling oflf tlie more volatile portion, 
gradually becomes thicker, and finally, “the contents of the retort in- 
* J. Chem. Soc., 1$, no (i8<Sa). 
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stantly solidify to a pure white, spongy, elastic mass, having, when success¬ 
fully prepared, but dight tendency to adhere to the fingers/* Later, 
Bouchardat,^ having treated isoprene in the cold with 12-15 of 

hydrochloric acid, saturated at o®, and shaken the mixture occasionally 
in a sealed tube at ordinary temperatures during 15-20 days, isolated 
considerable quantities of a solid residue. This product was found to 
“possess the percentage composition of isoprene... .and the elasticity 

and other characteristics of caoutchouc itself. All of these properties 

seem to identify this polymer of isoprene with caoutchouc—the product 
from which isoprene is generated.** Tilden* remarks that isoprene, 
obtained by the pyrogenetic decomposition of turpentine, formed rubber. 
The latter, he observes “appears to be produced most readily from the 
oily polymeride, resulting from the action of heat. Contact with strong 
acids in the cold effects the change.** 

The remarks of the above quoted authors led later investigators to 
study the conditions for the polymerization of isoprene to rubber. As a 
rule, however, their attempts failed to give any positive results. It 
was not until Fritz Hofmann of the Elberfelder Parbenfabriken, and 
Harries soon afterwards, succeeded in polymerizing isoprene to rubber, 
that polymerization was definitely establi^ed. Hofmann^ and Harries^ 
also observed that even the homologues of isoprene could be changed to 
rubber-like masses by the same process. Since the discovery of the last 
named investigators, a great amount of work has been carried out with a 
view to the synthetic production of the butadiene-1,3-hydrocarbons. 
The number of patents that have been issued in the last few years on the 
synthesis of these hydrocarbons is strong testimony to the importance 
of the technical production of rubber. The writer does not intend to 
enter into any discussion as regards the relative merits of these patents, 
either from a scientific or technical point of view. A good many of the 
patents, in my estimation, have no practical value at all; while others, 
being merely the result of theoretical reasoning, could not be carried out 
in practice. 

Isoprene^ CH2 : C(CH3).CH:CH2.—a-Oxides, when passed through 
glass tubes heated at 500®, undergo a metamerization, giving rise to alde¬ 
hydes or ketones, or both, depending on the molecular structure of the 
oxides. Ipatieff and Leontovitch,® who first studied these p3a*ogenetic 
reactions, observed also that heated catalysts, such as aluminum oxide, 
effect the metamerization of the o-oxides at a much lower temperature. 
These investigators obtained a mixture of methylisopropylketone and 

' Compt rend.f 89, 1118 (1879). 

* J. Chem, Sac,, 45, 415 (1884^ 

* Chem, Zentr., 1911, II, 175, 176. 

* Ann,, 383, 190, 210 (1911). 

* Ber,, 36, 2016 (1903)- 
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methyl-i-but3rraldeh3rde, by passing trimethylethyleneoxide, whidb con¬ 
tained some of the isomeric substance, methyl-2-butyleneoxide-i,2 
over aluminum oxide at 250-260“. These reactions took place as fol¬ 
lows: 

(1) (CH3)*C-CH.CH, —► (CH,)2CH.C0.CH,. 

(2) (CH,)(CH,.CH,)C-CH, —► (CH,)(CH,.CH 2 )CH.CH 0 . 

Ipatieff and Leontovitch have also observed that amylene oxide, passed 
through a glass tube heated at 600^, stiffered partial decomposition. At 
this temperature (in absence ol aluminum oxide) they obtained, besides 
the ketone and aldehyde, a mixture of gases consisting of saturated and 
unsaturated hydrocarbons, hydrpgen, carbon monoxide and dioxide. 
This metamerization of oxides to ketones or aldehydes is also readily 
effected at much lower temperatures by substances having an acid re¬ 
action. 

One of the best known methods for preparing olefins is by the dehydra¬ 
tion of saturated alcohols by substances known generally as dehydrating 
catalysts, sucli as the oxide, silicate of aluminum, etc. These reactions 
have been studied by Ipatieff, Sabatier, Senderens and others.^ 

In June of 1911, I discovered that oxides can be dehydrated to the 
corresponding diolefines with conjugated bonds, according to the follow iug 
scheme: 

CR,-CR.CHR.CHR, = R,C : CR.CR : CR* -|- 11*0 

where R may be a hydrogen atom or an organic radical. It will be seen 
that this dehydration is similar to that of the saturated alcohols, as in 
both cases one molecule of water is split off from each molecule of the 
substance brought into reaction. 

The methyl-2-butyleneoxide-r,2 used in the following experiments 
was prepared from chloro-i-methyl-2-butanol-2. The latter substance 
was obtained, as described in the previous paper, by the action of methyl- 
magnesiumhalide on chloroacetone: 

Experiment r.—Fifty grams of the oxide were passed through a glass 
tube heated at about 400® and containing a layer of aluminum silicate 
in the form of fine powder. The length of the silicate layer was about 
50 cm. The oxide was introduced into the tube in drops, and the dis¬ 
tilling substance collected in a receiver cooled with ice and salt. The 
distillate was separated from tlie water, dried over calcium chloride, and 
fractioned through a column. Eleven grams of the liquid distilled over 
between 30^45 and 20 g. distilled over at 80^-95°, mostly about 90®. 

* Lehrbuch der Ofg. Chemie^ Meyer and Jacobson, Secv>nd ed , i, I, 817-818. 
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This latter substance consisted of impure methyl^ i-butanal* fmmed by 
the metamerization of the oxide, as previously observed by Ipatieff and 
Leontovitch. The liquid boiling at 30-45® was refractioned, and the 
portion boiling between 30-40® (mostly 33-38®) was dissolved in ether, 
cooled in ice, and treated gradually with bromine. The brominated 
compound was found to consist of approximately equ^ amounts of tri* 
methylethylene and isoprene dibromides.' Trimethylethylene could not 
have been formed normally from the oxide, as the dehydration product 
could be only a hydrocarbon containing two double bonds. And as will 
be seen later, isoprene being the normal dehydration product of the 
oxide, trimethylethylene could have been only formed by the secondary 
reduction of the isoprene. 

Now, it is found that during the pyrogenetic catalysis of the oxide, 
the catalyst is soon covered with a layer of carbon, so that its activity 
steadily decreases and eventually stops altogether. The result of this 
is, that, as carbonization progresses, the relative amounts of methyl- 
ethylacetaldehyde(methyl-i-butanal) distilling over increase, and towards 
the end the only result of the distillation of the oxide over the catalyst is 
a simple metamerization of it to the aldehyde. Carbonization is also 
evidence of a more or less general decomposition of the carbon chain, 
resulting in the formation of gaseous products. These may be similar 
in nature to those observed by Ipatieff and LeontovitcH in tlie case of the 
mixture of amylene oxides. Hydrogen being one of these decomposition 
products, it stands to reason that isoprene is reduced by it to trimethyb 
ethylene. The three main reactions in the dehydration of methylbutylene 
oxide may be represented as follows: 

CH2O CHf 

1 / « 

(1) CH,.C-CH,.CH, - CH,.C.CH : CH, + Hrf) 

CH, CH, 

II I 

(2) CH,.C.CH : CH, + H, = CH,.C ; CH.CH, 

CH ,.0 CHO 

1/ I 

(3) CH,.C-CH,.CH, —^ CH,.CH.CH,.CH,. 

Commeoting on the pyrogenetic decomposition of turpentine to iso* 
prene, i&rries and Gottlob* observe that they obtained varying yidds of 
the hydrocarbon, depending on the dipentene contained in the commercial 
product. Staudinger and Klever,* on the other hand, observe that by 

‘ The boiling point of isoprene dibromide is 92° at is nun.; 105” at ao mm.; 119* 
at 43 mm 

’ Ann ., 383, 339 (1911) 

' Bff; 44, 2312 (1911). 
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decomposing terpene hydrocarbons in vacuo they could increase the yield 
of isoprene. They effected this depolymerization by means of an elec¬ 
trically heated platinum spiral. By reducing the pressure within the 
.apparatus to 2-3 mm. they obtained as high as 60% yield of very pure 
isoprene. In the older pyrogenetic decompositions of turpentine, where 
the reaction was carried out at ordinary pressures, the “isoprene*’ con¬ 
tained appreciable amounts of trimethylethylene. 

The above consideration led me to study the effect of reduced pressure 
on the catalysis of the oxide. The results were found to agree with the 
•expectation. 

Experiment IL —Ninety-nine grams of methylbutyleneoxide were 
•slowly distilled through a glass tube containing freshly prepared and 
ignited pieces of kaolin. The latter filled the tube over a length of 60 
-cm. The temperature of reaction was kept at 440-460°. The pressure 
within the apparatus was reduced to about 60 mm. The decomposition 
products were passed first through a receiver cooled with ice water, and 
the low boiling liquids condensed in a second receiver cooled with a mixture 
of solid carbon dioxide and ether. The water formed from the dehydration 
amounted to 18 cc., which is equivalent to 86 g. of the oxide. The 
organic substances were dried and fractioned through a column. Forty- 
nine g. of the substance boiled below 45°, mostly at 33-38°, 12 g. 
of the oxide were recovered as methylbutanal. The yield of the hydro¬ 
carbon fraction amounted to about 62% of the total oxide used. But, 
as the water of dehydration amounted to 87% of the theoretical, it is 
very likely that quite a little of the hydrocarbon fraction was lost, partly 
•during the catalysis, and partly in handling it prior and during the frac¬ 
tionation. Considering, now, that methylbutanal also can be dehydrated 
to isoprene, it is quite natural to assume that the dehydration of methyl- 
2-butyleneoxide-i,2 can be made very nearly quantitative. 

The metamerization of the oxide to the aldehyde is a function, among 
other things, also of the rate of catalysis; hence the slower the dehydra¬ 
tion, within certain limits, the less will the amount of aldehyde obtained 
be. The catalyst in the experiment was found to have been much less 
carbonized than the one in the preceding experiment. This would indi¬ 
cate that the amount of trimethylethylene formed would be much less. 
This was proven to be the case by separating the two hydrocarbons by 
means of their dibromides, as above. Thu.s it was found that the mixture 
of the dibromides consisted over 80% of the isoprene derivative. The 
isoprene dibromide was dehalogenated to the hydrocarbon by Gustavson 
and Demjanoff’s^ zinc-dust method, and tlie isoprene polymerized to 
rubber. The purified rubber as well as the vulcanized product were 
found to be of good quality. 

^ Ckem, ZffUK, 1888, 1345, 



668 


t. p. mmAxxtm. 


Experiment III. —One hundred grams of the oxide were dehydrated 
as in the last experiment with kaolin at 450®. The pressure was kept 
at below i mm. by means of a May-Nelson rotary vacuum pump. No 
attempt was made to get a quantitative catalysis, as the pump leaked a 
little. The decomposition products were collected at ordinary pressures 
at the exit end of the pump. Thirty grams of the dried liquid boiled at 
34-37®. The high boiling fraction consisted mostly of methylbutanal. 
The hydrocarbon was dried over night in presence of sodium. In the 
morning it was found that some of the isoprene had already solidified. 
The unchanged hydrocarbon was distilled into a sealing tube—^the hy¬ 
drocarbon showed an absolutely constant boiling point of 35-36®. The 
liquid was treated with 1-2 g. of sodium wife, and after sealing the 
tube, submitted to polymerization according to Harries’^ directions. The 
tube was kept at 60® for two hours, and then left at room temperature 
over night. In the morning the contents of the tube were found solids 
except a little portion on the surface, which showed signs of a slight 
mobility. The heating at 60® was continued for about 16 hours more. 
The rubber was treated according to the directions of Harries, and, after 
drying, weighed 12 grams. The product was very tough, and was vul¬ 
canized to a substance having more of the properties of leather than of 
vulcanized natural rubber. It has been observed by Harries® that the 
sodium polymerization products are not identical with the “normal'’ 
polymerization products, hence it is not surprising if the vulcanized products, 
in this case had different physical properties. 

Harries,^ discussing the polymerization of isoprene in presence of 
sodium, states that the best results are obtained with the pine hydro¬ 
carbon. In this case, it can be polymerized quantitatively to a solids 
rubber-like mass, on heating for 50 hours at 60®. It would seem, there¬ 
fore, that the isoprene obtained in experiment 3 was as pure as could! 
possibly be obtained, as this latter product required considerably less time 
to solidify than the product obtained by Harries and Gottlob from car- 
vene on decomposing the latter by means of the “isoprene-lamp." It 
has been our experience that impure samples of isoprene never gave a 
good sample of rubber. It follows, therefore, that the hydrocarbon, 
obtained by the older pyrogenetic depolymerization methods of terpenes. 
at ordinary pressures, must be separated from the accompanying tri- 
methylethylene before it is subjected to polymerization. 

Staudinger, Endle and Herold,^ in a recent paper, discuss the 
pyrogenetic decomposition of butadiene hydrocarbons, and observe that 
isoprene, passed through a tube heated at 750®, is changed partly to tarry 

* Ann., 383, 217 (1911). 

* Ibid., 383, 210, 217, 221; 395, 221, 244, 245, 253. 

* Ber , 46, 2466 (1913). 
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substauces. The rest is broken up into gaseous products, such as buta¬ 
diene, hydrogen, methane and ethylene. The formation of these is ac¬ 
companied by considerable carbonization. Even at 400-500® isoprene 
undergoes partial change, as it was found that trimethylethylene was 
formed to some extent by the reduction of the isoprene. The same 
authors also observe that isoprene can be distilled several times over a 
glowing platinum spiral at 15 mm. without suffering any considerable 
transformation. 

The conclusion from the experiments above described, and the work 
-done by the last named authors, is that any pyrogenetic reactions for the 
production of isoprene or its homologues must be carried out under low 
pressure. 

Dehydration of Methyl-i-butanal, CH8.CH2.CH(CH8).CHO.—It has been 
observed that isoamylene oxide in the course of its dehydration to iso¬ 
prene is partly metamerized to methylbutyxaldehyde. Considering the 
work of Ipatieff and Leontovitch,^ one might be led to assume that the 
•dehydration to isoprene is a secondary process, the first being a meta- 
merization of the oxide to the aldehyde—^this taking place at about 250® 
in presence of a catalyst. If this assumption were true, the reactions 
involved would take the following course: 

CH2.O CHO CH2 

1/ I It 

CHj.C-CHjCHs —^ CHj.CH.CHjCH, CH,.C.CH : CH* 

The methylbutanal used was obtained by the fractionation of the 
•crude aldehyde fractions formed in the catalysis of the oxide. 

One hundred g. of the aldehyde were catalyzed as in Experiment 3. 
The temperature was kept at 500-550®, and the vacuum was that of the 
May-Nelson pump. The dried decomposition products were fractioned 
through a column; 10 g. of the substance boiled at 34-39®. This 
product was dried over sodium, and distilled into a sealing tube. It was 
polymerized by Harries* sodium method. The liquid took a long time to 
show signs of thickening, and it was only after months* standing, that it 
set to a rubber-like mass. This slowness of polymerization must have 
been due to the impurity of the hydrocarbon. 

The dehydration of the aldehyde is accompanied by considerable car¬ 
bonization, which soon stops the activity of the catalyst. Having at¬ 
tempted to dehydrate methylbutanal to isoprene a number of times, I 
am inclined to think that the dehydration of the oxide is a direct process, 
and is much easier, and gives a purer product than the aldehyde. It is 
also observed that the reaction with the oxide is effected at lower tem¬ 
peratures. 

1 Ber., 36, 2016 {1903). 
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Conclusions* 

Oxides of the hydrocarbons can be dehydrated to the hydrocarbons 
of the butadiene series, at temperatures above 350® and in presence of 
catalysts. 

The use of reduced pressures in these reactions is absolutely necessary; 
otherwise, the butadiene hydrocarbon suffers partial decomposition,, 
giving rise, among other products, to hydrocarbons with one double 
bond. The hydrocarbons obtained with the use of high vacuum can be 
polymerized directly after distillation. 

Methyl-i-butanal is capable of dehydration to isoprene. 

In conclusion, I wish to thank my colleague, R. B. Earle, for helping me 
in carrying out the experiments described in this paper. 

Cambiudos, Mass. 


[Contribution from Kent Chemical Laboratory of the University of Chicago.! 

THE ACTION OF HALOGEN ON 4-NITRO-m-CRESOL. 

By L Chas. Saivord. 

Received February 10. 1914. 

In their proof of the position of the chlorine atom in the stereoisomeric 
oximes which they obtained from para chlorotoluquinone, Kehrmann 
and Tichvinsky^ started out by chlorinating 4-nitro-w-cresol.* They 
obtained a product which they regarded as a monochloro compound,, 
in which they assumed that chlorine had taken a position para to methyl. 
Without isolating their product, they reduced it to the corresponding 
aminocresol, which latter tliey reported as identical with the monochloro- 
aminocresol obtained .by the reduction of their oximes. In addition to 
the fact that, in the experiments cited, the intermediate products were 
not isolated, proof of the position of chlorine is further lacking to the 
extent that the oximes were not prepared from the base obtained by re¬ 
duction of the chloronitrocresol; nor was it shown that tliis base could 
be oxidized into the quinone from which the oximes were prepared. The 
identity of the bases obtained from the two somces was claimed solely 
on the fact that they melted at the same temperature, and that their 
acetyl derivatives had identical m. p. It is not stated whether the cor¬ 
responding products were melted together or not.® 

The present writer, working with Stieglitz, in an attempt to prepare 
1 Ann,, 303, 20 (1898). 

217, 52 (1883). 

* I have recently found that 6-chloro-4-amino-w-cresol (OH » i), the base ob¬ 
tained by the reduction of Kehrmann's oximes, in the condition in which he obtained it, 
m p. 206-207®, *n£iy be melted with 5-chloro-4-amino-<?-cresol, m. p. 205-206®, 
without depression. This indicates that it would be unsafe to assume the identity of 
two products, in this dass, at least, without evidence other than that obtained by 
melting them together. 
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stereoisomeric chloroimidoquinones^ corresponding to the oximes referred 
to above, had occasion to repeat the work of Kehrmann and Tichvinsky 
on the chlorination of 4-nitro-w-cresol. In doing this their directions 
were followed as closely as the very brief descriptions would permit, 
except that all products were isolated, purified and analyzed. In this 
way it was proved conclusively^ that chlorine must have persistently 
entered chiefly into the position ortho to methyl, that is, between methyl 
and hydroxyl, thus giving 2-chloro-4-nitro-m-cresol. 

More recently, in preparing starting material for other work (now in 
progress) involving 2-chloro-4-nitro-fw-cresol, it was decided to repeat 
the chlorination of 4-nitro-w-cresol in accordance with Kehrmann’s 
method. The experiments were conducted by leading chlorine, diluted 
with an indifferent gas,* into an acetic acid solution of the nitrocresol, 
and also by using pure chlorine. Several portions were chlorinated in 
both ways, but in all instances the conclusions reached through the previous 
work were confirmed. 

In order to secure the chlorinated product from these experiments, 
the reaction mixture (glacial acetic acid solution) was poured into water, 
which at once precipitated the product. The yield obtained in this way 
was fairly satisfactory (about 75% of the theor>0, and the material re¬ 
maining in the filtrate was not, in the previous work, recovered. To 
decide, definitel}’, in the repetition of these experiments, whether any 
of the 6-chloro-4-nitro-w-cresol reported by Kehrmann was formed, 
the material in the filtrate was recovered and examined. In this way 
there was obtained a small quantity (about 5% of the amount theoretically 
possible)^ of a monochloronitrocresol that melted at 143-144®,* and that 
turned out to be 6-chloro-4-nitro-m-cresol. 

The position of chlorine in this compound was established by reducing 
it to the corresponding chloroaminocresol, and by showing that the latter 
is identical® with 6-chloro-4-amino-w-cresol, which was obtained by re- 

^ Am Chem. J , 46, 439 (1911). 

* llnd., p. 439. 

® Carbon dioxide was used. 

* As this product is to be used in another investigation that has already been out¬ 
lined, the conditions under which the yield can be increased will be made the subject 
of further study. 

® It will be shown below that this compound is not identical with 2,6-dichloro-4- 
nitro-w-cresol, which melts at 143® with decomposition, and which was first prejiared 
in the course of this work. 

* Identity was not assumed on the basis of identical m. ps. for a single 
pair of substances alone, nor upon the failure of this pair, when melted together, to 
depress each other^s m. p. The proof was regarded as certain only when, 
in addition to the behavior of the amines, two derivatives of each had been compared, 
and had failed to depress each other’s melting point. In this case, also, the two products 
thought to be identical were separately melted with a third different, but closely re- 
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duction of Kehrmann's oximes, and whose structure has been conclusively 
proved,^ 

As only a very small quantity of 6-chloro-4-nitro-m-cresol was obtained 
by Kehrmann and Tichvinsky's method, it was decided to chlorinate 
4-nitro-m-crcsol in some other way. Accordingly, Kollrepp’s* experiment 
was tried. This, as will be shown in the experimental part, gave nothing 
but 2,6-dichloro-4-nitro-m-cresol, although in the first experiments the 
amounts of the various materials used were those required by a mono- 
chloro compound. That the two chlorine atoms had taken positions 
2 and 6 was shown by the fact that the dichloroaminocresol, obtained by 
reduction of the nitro compound under consideration, was easily oxidized 
to 2,6-dichlorotoluquinone, the structure of which is known.* The nitro 
compound was further identified by the preparation of several of its de¬ 
rivatives. 

In connection with the work described in this paper, the behavior of 
chloroimidoquinones toward reducing agents is being studied. The 
experiments that have thus far been made indicate that, in at least some 
cases, those compounds having two chlorine atoms in the ring behave 
in a very different manner from the corresponding compounds having two 
bromine atoms similarly placed. It seemed a matter of interest, therefore, 
to test a chloroimide containing two different halogens attached to the 
ring. To secure such a compound, the start was made by preparing a 
bromine derivative of 2-chloro-4-nitro-m-cresol, by treatment of the latter 
with bromine in accordance with the method of Ling.^ This gave 2-chloro- 
6-bromo-4-nitro-m-cresol, which was reduced to the amine, and the latter 
oxidized with hypochlorous acid in the usual way. This gave 2-chloro- 
6-bromo-3-methyl-4-chloroimidoquinone, while a portion of the material 
lost its nitrogen and was converted into the corresponding quinone (see 
experimental part), 2-chloro-6-bromo-3-methylquinone. 

Experimental. 

The starling point in this work was w-cresol, which was obtained by 
fractionating Kahlbaum's purest product. The fraction boiling at 199- 
200® (uncorr.) was nitrated, in fifty-gram lots, in accordance with the 
method of Staedel and Kolb,* and the isomeric nitro products that re¬ 
sulted were separated by distillation with steam. The para compound, 
which is not volatile under these conditions, and which was obtained in 

lated, substance, and only when the two mixtures behaved exactly alike were the orig¬ 
inal products regarded as identical. This precaution was taken because of the behavior 
of the amines mentioned above. 

^ Raiford, Am. Chem. / , 46, 441 (1911). 

2 Ann., 234, 3 (1886) 

® Raiford, Am. Chem. 46, 425 (t9ii). 

♦ /. Chem. Soc., 55, 57 (1889) 

‘ Ann. Chem. (LieHg), 259, 210 (1890). 
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crude form by allowing the distillation residue to cool, was further purified 
by repeated crystallization of its sodium salt from water. These crystals 
were then decomposed by treatment of their aqueous solution with dilute 
hydrochloric acid, and the free nitrocresol subsequently crystallized from 
hot water, from which it separated in nearly colorless crystals melting at 
127-129®. 

The Action of Chlorine on 4-Nitro-m-cresoL—K portion of the nitrocresol 
described above, weighing 10 g., was dissolved in eight times its weight 
of glacial acetic acid, and chlorinated in the way indicated by Kehrmann 
and Tichvinsky.^ The solid that separated when the reaction mixture 
was poured into water was purified, and was found to have the same ra. 
P-f ^33^* and other properties reported by Raiford^ for this com¬ 
pound, which was shown to have the structure 2-chloro-4-nitro-m-cresol. 
The filtrate left after removing this product, as stated, was extracted with 
ether, and the ether removed by evaporation on a water bath. The resi¬ 
due was then heated in an open vessel until all acetic acid had been removed, 
after which the remaining solid was repeatedly crystallized from benzene 
until the m. p. was constant. In this way colorless, feathery 
crystals, radiating from a common center, were obtained. The substance 
is readily soluble in alcohol, chloroform and other organic solvents, but 
cr^^stallizes best from benzene. It melts at 143-144® without decomposi¬ 
tion.® It was at first thought that this material might be but a purer 
sample of 2-chloro-4-nitro-wi-cresol, m. p. 133®, but this was vshowm 
not to be the case, by melting the two products together. The mix¬ 
ture melted at 108 118®. Analysis for chlorine indicated a mono- 
chloro compound. 

0.1085 g. sub*?, gave 0.0824 g. AgCI. Calc, for CyH^CjNCl; Cl, 18.90, foiiiid 18.77. 

In order to decide the position of chlorine in this new^ substance, a 
portion of it was reduced to the corresponding aminohydrochloride, from 
which, by treatment wath ammonium carbonate solution, the free base 
was obtained. This was repeatedly crystallized from alcohol, from which 
it separated in nearly colorless scales that melted with decomposition 
at 223-225®. A mixture of this substance .with the chloroaminocresoP 

‘ Am. Chem. {Liebig), 303, 23 (1898). 

^ Am Chem. J., 46, 448 (1911). 

® It will be shown below that 2,6-dichloro-4-nitro-w-cresol melts at 143®, with 
decomposition. 

* This compound was not isolated by Kehrmann, and though he re]>orted deriva¬ 
tives of it, and assumed that chlorine occupied a position para to methyl in these de¬ 
rivatives, his proof of structure was not conclusive. 

* Kehrmann and Tichvinsky, loc. cii., reported the m. p. of this compound 
as 204-205®, but it does not appear that they recrystallized their material. In repeat¬ 
ing their work I obtained the m. p. 206-207® for this base before recrystallizing it. 
After recrystallization it melted with decomposition at 223-225®. 
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obtaioed by the reduction of Kehtmann’s stetedisoiiieric oximesi the 
structure of which I have ^own^ to be 6^dil(H:o-4-amino-m-cresol, melts 
at the same temperature as either of them separately^ which indicates 
that they are identical. To make the case certain,* a portion of the 
base was converted into the acetyl derivative by heating it with anhydrous 
sodium acetate and acetic anhydride. After three crystallizations from 
benzene, the product melted at 163®. When mixed with the acetyl de¬ 
rivative of the base secured by reducing Kehrmann's oximes, the mixture 
still melted at 163®. To show tliat the new product could not be an 
impure sample of the acetyl derivative obtained from 2-chloro-4-amino- 
m-cresol (which melts at 178®), the product in question was melted with 
the latter. The mixture melted at 140-149®, which is exactly the behavior* 
shown when the acetyl derivative obtained directly from Kehrmann’s 
oximes is used in place of the product now being identified. Finally, 
ajportion of the base under consideration was dissolved in very dilute 
hydrochloric acid, and a solution of ferric chloride added. After standing 
half an hour the mixture was distilled with steam. There was obtained 
a quinone that melted at 104-105®, and which did not depress the m. 
p., 105®, of para-chlorotoluquinone, from which Kehrmann prepared 
his oximes. These facts confirm the opinion tentatively expressed at the 
conclusion of the previous work,^ to the effect that when 4-nitro-m-cresol 
is chlorinated in the manner indicated the isomers, 2-chloro-4-nitro-w- 
cresol and 6-chloro-4-nitro-iw-cresol, are formed. The reaction may be 
expressed as follows: 


OH OH 





NOi 

M p. 143-144'*. 

^ Am, Ckem. J., 46, 441 (1911) 

® This precaution was taken because the author has recently obtained evidence 
that, in this class of compounds at least, different substances may be melted together 
without depressing each other's m. p. 

* Am. Chem. 46, 449 (1911), 

* Ibid., 456 (igtt). 
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, j;t»4*'Dichloro-4^itro-fn-cre5oL —^Five g. of 4*nitro-m-cresol were dis- 
as nearly as possible, by heating it under a reflux condenser with 
aso cc, concentrated hydrochloric add; then the liquid was shaken until 
it reached the room temperature. A mass of small crystals separated. 
To this mixture there was added, in the manner described by Kollrepp,^ 
the quantity of potassium chlorate solution required by the theory to con¬ 
vert all the nitrocresol present into the monochloro derivative. When 
the reaction was complete the solid was collected on a filter, washed with 
cold water and dried on a clay plate. The crude product melted with de¬ 
composition at 138-140°, which indicated at once that the substance 
could not be 2-chloro-4-nitro-m-cresol, melting at 133° and which has been 
described elsewhere.^ The compound was found to be readily soluble 
in alcohol, chloroform, and benzene. It was purified by crystallization 
from benzene, from which it formed colorless prisms, that melt at 143° 
with decomposition. That this compound wsls not identical with 6 - 
chloro-4-nitro7W-cresol, m. p. 143-144°, described above, was shoivn 
both by melting the two together, and by analysis for chlorine. A mix¬ 
ture of the two substances melts at 115-120°, and analysis for halogen 
shows the present substance to be a dichloro compound. 

0.2909 j?. subs, gave 0.3724 g. AgCI. Calc, for C7II6O3NCI2: Cl, 3 1.95 ; found. 31 65. 
In view of the analysis recorded above, and of the fact that in the prepa¬ 
ration of the compound the amounts of the various materials used were 
those required to give a monochloro product, the question now arose as 
to whether any of the latter had been formed. In order to decide this, 
the combined mother liquors left during the crystallization of the di¬ 
chloro compotmd were evaporated to dryness, and the residue mixed with 
an excess of ammonium hydroxide solution. The ammonium salt ob¬ 
tained was pxuified by fractional crystallization. Eacli fraction was com¬ 
posed of yellow needles. Analysis of a portion of one fraction for chlorine 
showed that the substance was a dichloro compound. 

0 *765 g. subs, gave 0.2126 g. AgCl. 

Calc, for CrHsOsNaCb: Cl, 29.68; CrHaO^NjCl: 17.34; found. 29 78 
When the various fractions of the above ammonium salt were separately 
decomposed by hydrochloric acid, the dichloronitrocresol described above, 
melting with decomposition at 143°, was obtained in each case. 

Hydrochloride of 2,6-Dichloro-4-amino-m-cresoL —In order to further 
identify the dichloro product, 5 g. of the nitro compound were dis¬ 
solved in 10 cc. hot alcohol, and to the boiling liquid there was added a 
hydrochloric acid solution of stannous chloride. From this mixture the 
ami o o hyxirochloride separated, upon cooling, in nearly colorless crystals. 
Purification of the compound, by treatment of its hot water solution with 
1 Ann. Chem. {Liebig), 234, 3 (1S86). 

• Am. Chem. 46, 447 (1911). 
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concentrated hydrochloric acid» gave colorless crystals that no 
responded to a test for tin salt. The hydrochloride is entirely miasMt 
in water containing a little hydrochloric acid, but does not give a idear 
liquid in the absence of the acid. It dissolves readily in alcohol, and in 
sodium hydroxide solution, giving, with the latter, a solution that rapidly 
becomes dark colored on standing. It is not soluble in chloroform. When 
heated above 250^ the substance blackens and appears to decompose 
without melting. A portion of it was dried in vacuo for several days 
over potassium hydroxide and then analyzed for chlorine. 

0.3132 g. subs, gave 0.5894 g. AgCl. Calc, for CtHbONCU: Cl, 46.57; found: 46.53. 

2,6*Dichloro-4-afnino-m-cresoL —^The hydrochloride described above was 
dissolved in water, to wnich a little hydrochloric acid had been added, 
and the liquid filtered. To this solution there was added slightly more 
than the theoretically required amount of ammonium carbonate solution. 
The free amine, which was promptly precipitated, was at once collected 
on a filter, washed several times with cold water, and dried on clay plate. 
In this condition the compound melted with blackening and apparent 
decomposition at 174®. After crystallization from benzene it gave masses 
of interlaced needles, that melted with blackening at 175-176®.' The 
substance is readily soluble in alcohol and in chloroform, and but sparingly 
soluble in ligroin. 

0.1702 g. subs, gave 0.2542 g. AgCl. Calc, for C7H7ONCI2: Cl, 36.95; found: 36.92. 

2,6’DichlorO’4-acetylaniino-m<re$oL —A portion of the amine under 
consideration was converted into an acetyl derivative by mixing it with 
slightly more than the theoretically required amount of acetic anhydride 
to convert it into a diacetyl compound, along with some anhydrous sodium 
acetate. The reaction began at once, with the evolution of considerable 
heat. The mixture was boiled for a few minutes, and then allowed to 
cool, when it solidified. It is soluble in chloroform, benzene, and alcohol, 
but was best crystallized by treatment of its alcoholic solution with water. 
It gave colorless needles that melted at 204-207 It is readily soluble 
in solution of sodium hydroxide, which indicated a monoacetyl derivative. 
Analysis for chlorine confirmed this view. 

0.1030 g. subs, gave 0.1232 g. AgCl. Calc, for CBHgOjNCl-i Cl, 30.31; found: 29.57. 

Oxidation of 2,6-Dichloro-4-amino-m<resoL —A portion of the amine, 
weighing 1.5 g. was rubbed into a thin paste with a mixture of 2 cc. 
concentrated sulfuric acid and 65 cc. water. This paste was cooled to 
about o®, and to it was slowly added, with shaking, a cold solution of sodium 

> It should be noted that this compound melts at the same point as 2,6-dibroino-4« 
amino-m-cresol {Am. Ckem. 46, 428 (1911)). A mixture of the two compounds 
melts to a black mass at 168-171 which is but a very trifling deprevSsion. 

* The quantity available was too small for further crystallization, therefore, the 
flnal product was not entirely pure. This was indicated both by m. p. and analysis. 
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djchromatc and sulfuric acid, after which the whole was allowed to stand 
for half an hour. The quinone that formed was removed by filtration, 
washed repeatedly with cold water, and dried. It melted quite sharply 
at 103 This product is probably identical with the dichlorotoluquinone 
prepared by Claus and Schweitzer^ from what they reported as dichloro- 
w-cresol,^ as well as with the product previously obtained by Southworth* 
by the treatment of m-cresol with hydrochloric acid and potassium chlorate. 
When the product under consideration here was melted with the dichloro¬ 
toluquinone in which Raiford^ has shown that chlorine is in positions 2 
and 6, the melting point was still 103®. The hydroquinone obtained from 
the present material was found to be identical with the hydroquinone 
prepared from 2,6-dichlorotoluquinone.^ 

i 3 4 

2,6-Dichloro-4-chloroimidotoluquinone, O : CbHCUCCHs) : NCI.—To pre¬ 
pare this compound, 4 g. of the hydrochloride of 2,6-dichloro-4- 
amino-w-cresol were dissolved in water to which a few drops of hydro¬ 
chloric acid had been added, the solution cooled to about o®, and then al¬ 
lowed to flow in drops into an acidified (HCl) solution of sodium hypo¬ 
chlorite,® in which pieces of ice were floating. A yellow solid separated 
at once. The reaction mixture was allowed to stand for half an hour, 
after which the solid was collected on a filter, washed with cold water 
until the odor of hypochlorous acid was no longer noted, and then dried 
in the air. In this condition the substance melted at 87®, and repeated 
crystallization did not change this. It was a matter of interest to note 
that this compound melts at the same temperature as 6-chloroimido-2- 
chlorotoluquinone,^ obtained by starting with the same nitrocresol used 
this work. That the products were not identical was shown by the fact 
that a mixture of the two melts lower than either of them separately, at 
57-69®, and by analysis. The substance is soluble in alcohol, chloroform, 
and ligroin, and may be crystallized from either liquid, though alcohol 
seemed to give best results. It was obtained in the form of yellow prisms. 
^>•2123 g. subs, gave o 4061 g. AgCI. Calc, for C7H40NCb* C\, 47 41; found' 47.29. 
The chloroimidoquinones here described were prepared in order to secure 
material to be used in the study of the behavior of these compounds 
toward reducing agents. Preliminary experiments have shown that the 
reaction of the 2,6-dichloro-4-chloroimidotoluquinone described above is, 
in this respect, in marked contrast to that of the corresponding dibromo 

» Ber., 19, 931 (1886). 

• See Crowther and McCombie, J. Chew. Boc., 103, 542 (1913). 

3 Ann. Chem. {Liehig), i68, 270 (1873). 

Mw. y., 46, 425 (1911), 

• Loc. cit. 

• Graebe, Ber„ 35, 43, 2753 (1902) 

Am. Chem. J., 4 ^, 45 * 
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compound previoudy described by Raiford*^ In order to study the action 
further, with the hope of learning, if possible, to what extent this behavior 
varies with the presence of various halogens, it was decided to prepare 
a chloroimidotoluquinone with two different halogen atoms attached to 
the ring. This was done through the compounds specified below. 

2-Chhro-6-br(>mo-4-nitro-fn-cresol. —portion of 2-chloro-4-nitro-m-cre- 
sol, weighing 3.3 g., was dissolved in 30 cc. glacial acetic add, and to 
this there was gradually added from a tap funnel a solution of 0.9 cc. (one 
mol) bromine dissolved in 7.5 cc. of add. The mixture became warm, 
and was allowed to stand over night, during which time nearly colorless 
crystals, weighing 1.2 g., and melting at about 150®, with decomposi¬ 
tion, separated out. These were removed by filtration, the filtrate was 
poured into six volumes of cold water, and the precipitate allowed to settle. 
After being collected on a filter and dried on a day plate, this material 
weighed 3 g., and melted with decompositon at about 150®. It 
was found to be identical with the crystalline material mentioned above. 
The united product was twice crystallized from benzene, which gave nearly 
colorless prisms, still melting at 150® with decomposition. The compound 
dissolves readily in alcohol, but sparingly in ligroin. 

0.4676 g. subs, gave 0.5796 g AgHal. Calc, for C7H:,0,NClBr: Halogen, 43,^3; 
found 43.20. 

Hydrochloride of 2’-Ckloro~6-bromo-4-amino-ni-cresoL —A portion of the 
nitro compoimd, described above, was reduced to the corresponding amino- 
hydrochloride by treatment of its hot alcoholic solution with hydrochloric 
acid solution of stannous chloride. The nearly colorless product was 
purified in the manner already stated, until it gave no reaction for tin 
compounds. It show's the same general properties stated for the corre¬ 
sponding dichloro compound. The purified substance was dried in vacuo 
over potassium hydroxide for several days, and then analyzed for halogen. 

Q.2132 g. subs, gave 0.3665 g. AgHal. Calc, for CTHaONCL^r: Halogen, 55.28; 
found. 54.69. 

2-Chloro-6-bromo-4-aminO’m<resoL —A portion of the aminohydrochloride 
was dissolved in acidulated (HCl) water, and to this there was added a 
slight excess of ammonium carbonate solution. The nearly colorless 
precipitate that formed was at once collected on a filter, washed with three 
or four small portions of cold water, and dried. In this form it melted, 
with bladceaing, at 186-187 ®, and was practically pure. After crystalliza¬ 
tion from benzene, in which it is but very sparingly soluble and from which 
it separated in colorless, transparent, rhombic crystals, it melted at 187®, 
with decomposition. 

0.2312 g. subs, gave 3233 g. AgHal. Calc, for CrHiONClBr: Halogen, 48.82; 
found* 48.70, 

* Am. Chem. 7 ., 46, 426 (1911}. 
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1 2 6 3 4 

2-Chloro-6-bromo-j-fnethylquinone, O : C6HClBr(CH8) : O.—^This com¬ 
pound was prepared by oxidation of the hydrochloride mentioned above. 
Three grams of the latter were rubbed into a thin paste with a mixture of 
6 cc. concentrated sulfuric acid and loo cc. water, and the whole cooled 
to about o®. To this there was gradually added, with shaking, a cooled 
solution of sulfmic acid and sodium dichromate. The resulting mixture 
was allowed to stand for half an hour, then the yellow solid was removed 
by filtration, and washed several times with cold water. After being 
dried on clay plate this quinone weighed 2.5 g., which corresponds 
to about 97% of the theory—an unusually high yield for a quinone. The 
melting point of the material at this stage was 114-116°. It was found to 
be soluble in alcohol, chloroform, and ligroin, and was easily purified 
by distillation with steam or by crystallization from ligroin (b. p. 
70-80®). " Yellow scales of irregular shape, melting at 119°, were formed. 

0.1904 g. subs, gave 0.2696 g. AgHal Calc, for C7H402ClBr: Halogen, 4903; 
found: 49.35. 

l 2 6 3 4 

2-^hloro-6-br<mo-3-methylhydroquinone, HO.C«HClBr(CH8).OH.—A por¬ 
tion of the quinone just described was rubbed to a thin paste with water, 
and the mixture saturated with sulfur dioxide. After standing for some 
hours the liquid was heated to the boiling point, and enough water grad¬ 
ually added, while the boiling was continued, to dissolve all solid. After 
filtration the liquid was again saturated with sulfur dioxide, and the flask 
set aside to cool. The hydroquinone settled out rapidly in colorless crys¬ 
tals. By recrystallization in the same manner, a substance that melted 
sharply at 163® was obtained. It may also be crystallized from ligroin. 
When brought in contact with sodium hydroxide solution, it gives first 
a green color, and goes into solution to form a brownish liquid. 

0.1980 g. subs, gave 0.2768 g. AgHal. Calc, for CyHeOtClBr: Halogen, 4862; 
found: 48.72. 

1 2 6 3 4 

2-Chloro-6-bromo-j-fnethyl’4‘€hloroifnidoquinone, O: CeHClBr(CH®): N Cl. 
—^To prepare this substance, 2.2 g. of the hydrochloride of 2-chloro- 
fi-bromo-4-amino-m-cresol were dissolved in 100 cc. water with the help 
of a little hydrochloric add. This solution was cooled to about o®, and 
was then dropped into an acidified (HCl) solution of sodium hypochlorite 
which was surrounded by ice, and in which pieces of ice were floating. 
A yellow solid was at once formed, and this appeared to be distributed 
through the entire liquid in the form of an emulsion. The mixture was 
allowed to stand for half an hour, during which the solid settled, and the 
supernatant liquid became entirely clear. The chloroimide was collected 
on a filter, washed with cold water until the odor of hypochlorous acid 
had disappeared, and dried. The yield was nearly quantitative. In 
this state the material began to shrivel between 85 and 90®, and melted 
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St 90^2 It may be purified by crystaUizatioa from alcobol, firom which 
the chloroimide separates in the form of square prisms that melt at 93- 
94®. From ligroin (b. p. 70-80®), it gives crystals of the gatw 
shape, melting at the same temperature. It decomposes suddenly, with 
charring, when heated above 176®. 

0.3443 g. subs, gave 0.6079 g* AgHal. Calc, for CTHiONClgBr: Halogen, 56 12; 
found: 56.14. 

The mother liquor, left after crystallization of the above described 
chloroimidoquinone, was evaporated to a small volume and allowed to cool. 
The solid that separated melted at 111-113®, which showed that this 
material could not be the chloroimide. Further crystallization from al¬ 
cohol raised the m. p. to 114-115®, but the small quantity of 
material available made it impossible to secure a product that was en¬ 
tirely pure. The substance crystallized in the form of the irregular scales 
characteristic of 2-chloro-6-bromo-3-methylquinone described above. 
A mixture of a pure sample of the latter, m. p. 119®, and the 
product here in question, melted at 115-119®, showing no depression. 
When the substance to be identified was mixed with a pure sample of 
2-chloro-6-bromo-3-methyl-4-chloroimidoquinone, m. p. 93-^4®, both 
of which were produced in the same experiment, the mixture melted 
at 75-86®. Analysis for halogen gave too high a value, which suggests 
a trace of a higher halogenated product. 

0.0785 g. subs, gave 0.1130 g. AgHal. Calc, for C7H402ClBr: Halogen, 4903; 
found; 50.06. 

Summary. 

1. When 4-nitro-m-cresol is chlorinated by passing pure or diluted 
chlorine into an acetic add solution of the substance, a mixtmre of 2-chloro- 
4-nitro-w-cresol and 6-chloro-4-nitro-w-cresol, in which the first is present 
in largest amount, is formed. 

2. When 4-nitro-w-cresol is chlorinated by means of a mixture giving 
so-called nascent chlorine, nothing but 2,6-dichloro-4-nitro-w-cresol is 
obtained. 

Cbicaoo, lu.. 


[Contributions from the Chemical Laboratory of Cornell University.] 

TETRACHLOROFLUORESCEIN AND SOME OF ITS DERIVA¬ 
TIVES. 

By W. R. Orndorff ard E. P. Hitch. 

Received February 10, 1914. 

EQstorical. 

Tetrachlorofiuorescem was first prepared by Graebe^ in the course of 
his investigaticm of tetrachlorophthalic acid. It was made by heating 
» Ann. der Chemie, 238, 333 (1887). 
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t# 300 ^ thirteen parts of tetrachlorophthalic acid anhydride with ten 
pRTts of resorcinol for 2 or 3 hours. The red fused mass was thoroughly 
extracted with boiling water, and there was left a substance which had the 
same yellowish red color as fluorescein. To this compound he assigned the 
formula: 



Graebe states that this compound, when dissolved in ammonia or sodium 
carbonate, is precipitated practically unchanged from these solutions 
by an acid, and it makes no difference whether the solution be made by 
warming or at ordinary temperature. When, however, the tetrachloro- 
fluorescein was dissolved in caustic soda, either cold or hot, and then pre¬ 
cipitated by an acid, a product was obtained containing one molecule of 
water more than the tetrachlorofluorescein itself, which did not lose this 
molecule of water even when heated for some time to 100°, and also differed 
in its properties from tetrachlorofluorescein. This compound, which he 
calls tetrachloro-orthofluorescein, - or tetrachlorofluorescein hydrate, is 
given the following formula: 


C«Cl4C<( 

1 1 VoH4< 

CO—o 


OH 

OH 

OH 

OH 


and is regarded by Graebe as derived from the unstable form of fluorescein 
having the composition CjoHuOs, which Baeyer^ mentions in his work on 
the phthaleins. Tetrachloro-orthofluorescein is insoluble in water, only 
d^ightly soluble in alcohol but easily soluble in ether. From the last 
solvent it crystallizes in reddish yellow needles. It is precipitated from 
solution in the alkalies by an acid in the form of pure yellow microscopic 
needles. It dissolves in alkalies with almost the same color and the same 
fluorescence as fluorescein, a difference is only perceptible when the solu¬ 
tions are observed in very thin layers, the solution of tetrachloro-ortho¬ 
fluorescein then appears red, while that of fluorescein is yellow. Tetra¬ 
chloro-orthofluorescein is not changed by boiling with water, hence it is 
obtained having the same composition, no matter whether the alkaline 
solution be precipitated hot or cold. The air-dried compound loses no 
weight at loo®, even at 150-160® it scarcely changes. When heated, 
however, to 180-200® it turns red and goes over into tetrachlorofluorescein. 
Analyses of the tetrachloro-orthofluorescein dried at 100® are given, 
which agree very well with the formula C2oCl4Hio06. When heated with 
^ Ann., 183, 5 (1876). 
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acetic anhydride it gives the same diacetyltetrachlorofluoreseein as tetrUi- 
ddorafluorescein itself. 

Tetrachlorofluorescein is the product which is formed on heating tetra- 
chlorophthalic acid anhydride with resorcinol. If the fused mass be 
extracted with ammonia or sodium carbonate and this solution be acidified, 
tetrachlorofluorescein is precipitated. Longer continued action of a 
larger excess of ammonia or sodium carbonate results in the formation 
of some tetrachloro-orthofluorescein also. From this it is formed by 
heating to 180-200°. It is yellowish red and separates from the above 
mentioned solutions on the addition of acids in the form of a yellowish 
red precipitate, while that of the tetrachloro-orthofluorescein is yellow. 
In ether tetrachlorofluorescein is practically insoluble, and in this respect 
it differs from the compound containing a molecule of water (tetrachloro- 
orthofluorescein). Two chlorine analyses of the tetrachlorofluorescein 
dried at 100° are given and these agree very well with the formula, 
C^oCLHfiOfi. Analyses are also given of the diacetyl derivative of tetra¬ 
chlorofluorescein and of the chloride of tetrachlorofluorescein. 

Since this work of Graebe, no further investigation of tetrachloro¬ 
fluorescein has been made. Recently, however, C. Mettler^ has published 
a paper upon dichlorodioxybenzoylbenzoic acid and its conversion into 
tetrachlorofluorescein and into anthraquinone derivatives. The compound 
which he calls tetrachlorofluorescein, while isomeric with the tetrachloro¬ 
fluorescein first prepared by Graebe, and which forms the subject of this 
investigation, is entirely different in structure. Tetrachlorofluorescein 
as named by Graebe, is the anhydride of resorcinoltetrachlorophthalein, 
while the compound prepared by Mettler is analogous to eosin, and is 
tetrachlororesorcinolphthalein anhydride. 

In 1896, R. Meyer and H. Meyer* investigated the ordnolphthaleins and 
found that there are three of them. They represent the structure of these 
compounds by the formulas: 





The third formula is assigned to the isomer which fluoresces in alkaline 
solution on account of its great resemblance to fluorescein. It is interesting 

* Ber ., 45, 800 (1912). 

2 Ibid ., 29, 2627 (1896). 
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to note that they make the following statement regarding the possibility 
of the formation of isomers of fluorescein: ‘*Die Tatsache, dass bei der 
Condensation von Phtalsaureanhydrid mit Orcin nicht nur ein Phtalein 
entsteht, sondem die drei structurell moglichen Isomeren nebeneinander, 
legt die Frage nahe, ob nicht die Bildung des Fluoresceins gleichfalls 
von der Entstehung der zwei ausser ihm noch denkbaren Resorcinphtaleine 
begleitet ist. Es liegen bisher, soweit uns bekannt, keine Tatsachen vor, 
welche einen Anhalt zu einer solchen Vermutung geben konnten. Auch 
haben einige Versuche, welche dahin zielten, die Fluoresceinbildung unter 
verschiedenen Bedingungen zu Studiren, stets nur Fluorescein geliefert/* 

The chlorinated eosins have been known to the manufacturers of dyes 
for some time, but no record of scientific investigation upon tetrachloro- 
eosin has, up to the present time, been published. In 1885 a German 
patent was granted to R. Gnehm of the Gesellschaft fur Chemische In¬ 
dustrie at Basel for the preparation of the chlorinated phthalic acids to 
be used exclusively for making eosin dyestuffs containing chlorine. The 
commercial tetrachloroeosin, known to the trade as Phloxine, is the sodium 
salt of tetrachloroeosin, and is made from the commercial tetrachloro- 
fluorescein by brominating. 

The fluorescence of organic substances, and especially of substances 
chemically related to fluorescein, has been the subject of much investiga¬ 
tion. Most of the researches in this field have been conducted witli the 
object of ascertaining if there exists any relation between fluorescence 
and chemical constitution, and to determine the exact nature of such re¬ 
lation, if it does exist. Many theories have been advanced by chemists 
and physicists to explain this phenomenon, and it is generally accepted 
at the present time that there is a close relation between chemical struc¬ 
ture and fluorescence. Chemists have made attempts to formulate a 
theory that will explain this relationship and account for all the known 
facts. It is not within the scope of this work to go into a discussion of 
the various theories of fluorescence, but those who may be interested in 
this field of investigation will find an excellent review of these theories 
given by Samuel Smiles in his book entitled “The Relations between Chem¬ 
ical Constitution and Some Physical Properties.*’ The theory of Stark 
and Meyer and of Kauffmann, that the benzene nucleus is the seat of 
fluorescence of aromatic organic compounds, is generally accepted by 
chemists at the present time as the one which more nearly explains the 
facts. Chemists and physicists are beginning to realize the great importance 
of studying very weak fluorescence and fluorescence in the ultraviolet 
portion of the spectrum. Until the complete fluorescence spectra of many 
more substances are studied, any theory to account for this phenomenon 
will be inadequate. 

An excellent review of the investigations that have been undertaken 
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to determine the relationship which exists between color and constitution 
of the phthaleins, and other triphenylmethane derivatives, together with 
a statement of some of the theories advanced to account for the color of 
this group of compounds, is given by Orndorff and Delbridge^ in their 
first paper on “Tetrachlorgallein and Some of Its Derivatives.*' 

This investigation was undertaken for the purpose of determining 
what influence the introduction of fomr chlorine atoms into the phthalic 
acid part of the fluorescein molecule would have upon the chemical conduct 
and general properties of this phthalein; for the purpose of determining 
whether any of the isomeric tetrachlorofluoresceins, theoretically possible,^ 
are formed; for the purpose of extending our knowledge of colored com¬ 
pounds and of the relation between the color and constitution of organic 
compounds; and finally, to throw some light, if possible, on the phenom¬ 
enon of fluorescence. 

Experimental. 

The resorcinol used in this investigation was obtained from Merck and 
Company. It was perfectly white, melted at 115-116® (uncorr.), and 
left no residue on ignition. It dissolved completely to a clear solution 
in water, in alcohol, and in ether. The tetrachlorophthalic acid was 
obtained from the Heller and Merz Company, and was purified by the 
method described by Delbridge.® The purity of the acid was checked 
by determinations of the molecular weight. A weighed portion of the 
add was dissolved in a measured amount of tenth-normal sodium hy¬ 
droxide solution, using about 10% excess. About 0.5 cc. excess of tenth- 
normal hydrochloric acid was then added, the solution boiled for one minute 
to expel carbon dioxide, cooled, and the excess of hydrochloric acid ti¬ 
trated with tenth-normal sodium hydroxide, using phenoltetrachloro- 
phthalein as the indicator.^ The following results were obtained with the 
purified tetrachlorophthalic acid:* 

Subst. 0.3890, 0.3322; cc. o.i N NaOH, 24.88, 21.22. 

Calculated for C«Cl4(C02H)2.o.5H2O, mol. wt. 312.9; found, 312.7, 313.1 

Tetrachlorofluorescein. 

Preparation ,—^This compound was prepared by four different methods 
as follows: Fusion of tetrachlorophthalic acid and resorcinol with zinc 
chloride; fusion of tetrachlorophthalic acid and resorcinol with phos* 
phorus pentoxide; fusion of tetrachlorophthalic acid and resorcinol; 
fusion of tetrachlorophthalic anhydride and resorcinol. In the first 
method 313 grams of tetrachlorophthalic acid (i mol) and 231 grams of 
* Am, Chem, 7 „ 42, 183 (1909)- 
2 See page 

« Am. 4 H (1909). 

^ Ibid., 41, 349. 40* (* 9 <^)* 

International atomic weights (1914) are used in this paper. 
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resorcinol (2.1 mob) were thoroughly mixed. To this mixture were then 
added 150 g. of freshly fused and finely powdered zinc chloride. After 
thorough grinding in a mortar, the whole was transferred to a two-liter 
round-bottom flask, and the flask placed in a bath of concentrated sulfuric 
acid containing 40% potassium sulfate. This bath was then heated to 
200-210° for two hours. The mixtin*e softened to a pasty mass and be¬ 
came dark red at the end of one-half hour, but at no time did the mass 
become completely liquefied, nor did the temperature within the flask 
rise above that of the bath. At the end of two hours the mass had solidi¬ 
fied and the heating was discontinued. After cooling, the fluvsk was 
broken and the hard, solid cake pulverized and extracted with hot water 
containing two 2% hydrochloric acid. The crude product thus obtained 
was dissolved in 5% sodium hydroxide solution, the solution filtered, 
and an excess of hydrochloric acid added. The mixture was then boiled 
by blowing in steam, and the red tetrachlorofluorescein filtered off while 
hot. The material thus obtained was washed free from hydrochloric acid, 
soluble chlorides, and unchanged tetrachlorophthalic acid, with hot water 
and dried to constant weight at 110°. This product, contrary to the state¬ 
ment of Graebe (see page 681), is the anhydrous tetrachlorofluorescein. 
Yield, 88% of the theoretical calculated from the amount of the tetra¬ 
chlorophthalic acid used. 

In the second method, which was conducted in the same manner as 
the first, 166 g. of phosphorus pentoxide were substituted for the zinc 
chloride. At the end of fifteen minutes the mass had completely melted 
to a thin, red liquid which gradually became viscous. This change was 
accompanied by a considerable rise in temperatmre within the flask, 
the thermometer registering as high as 240°, or about 30° above that of 
the bath. At the end of an hour the mass had solidified. The heating 
was continued for half an hour longer to complete the reaction. The 
solid mass was extracted with water in the same manner as before, and 
washed with hot water until free from phosphoric acid. The crude material 
was then dissolved in 5% sodium hydroxide solution, filtered, and the 
filtrate acidified with 5% hydrochloric acid. The mixture was then 
boiled by blowing in steam, the red anhydrous tetrachlorofluorescein 
filtered off, washed with hot water, and dried at 110°. Yield, 90%. 

In order to determine whether a condensing agent was advantageous, 
tetrachlorofluorescein was made by the fusion of tetrachlorophthalic acid 
(i mol) and resorcinol (2 mols), without any condensing agent. It was 
found necessary to increase the temperature of the bath to 240°, in order 
that the reaction should take place readily. The mixture first became 
yellow, and soon changed to a thin, red liquid. This gradually became 
viscous, upon further heating, and at the end of an hour was of a pasty 
consistency. At the end of two hours the mass had completely solidified 
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and the reaction was stopped* It was then extracted and treated ia the 
same manner as in the fusion with phosphorus pentoscide. Yield, 85%. 

In the last method of preparation, tetrachlorofluoresoein was made 
from tetrachlorophthalic anhydride and resorcinol, following the directions 
of Graebe.^ Tetrachlorophthalic anhydride (i mol) and resorcincri 
(2 mols) were thoroughly mixed and heated to a temperature of 20c>*-2io®* 
The material changed within fifteen minutes to a light yellow pasty mass, 
which at the end of half an hour had become a thin, dark red liquid. This 
remained unchanged when the heating was continued for two hours at this 
temperature. The temperature of the bath was then increased to 230*. 
Under these conditions, the mass became solid upon heating for an hoilr 
longer. The solid cake was then extracted and treated in the same manner 
as before. Yield, 81%. 

Purification of Tetrachlorofluorescein. —One hundred grams of the crude 
tetrachlorofiuorescein, prepared by one of the methods previously de¬ 
scribed were dissolved in one liter of water containing 30 grams of sodium 
hydroxide. This solution was filtered, diluted to two liters, and poured, 
with constant stirring, into two liters of a solution containing 250 cc. of 
hydrochloric acid (sp. gr. i.io). The orange-yellow precipitate thus ob¬ 
tained was extracted with ether, about two liters being required to com¬ 
plete the solution. A small amotmt of the precipitate is insoluble in the 
ether. This insoluble material has a very dark red color, and constitutes 
about 5% of the crude tetrachlorofluorescein. It is perhaps a mixture 
of|the two possible isomers (see p. 723). It dissolves readily in alkalies 
with a deep red color and an intense greenish fluorescence, and is precipi¬ 
tated as a dark red material, probably a hydrate, upon the addition of 
acids to the dilute alkaline solution. This dark red material is only slightly 
soluble in ether, but readily soluble in alcohol, and hence is different from 
the red anhydrous tetrachlorofluorescein described below, which is prac¬ 
tically insoluble in these solvents. The ether extract, after filtering off 
this insoluble material, was dried by shaking with fused calcium chloride, 
one-half of the ether distilled off, and an equal amount of alcohol added. 
The distillation was continued until orange-yellow crystals began to appear. 
Upon repeated recrystallization from alcohol, this substance was obtained 
light ycUow in color with a reddish tinge. It was thought that this red 
color was due to a small amount of the dark red impurity remaining after 
the extraction with ether.* Since repeated crystallization from alcohol, 
and then from acetone, did not remove this color, the substance was 
converted into the diacetate by means of acetic anhydride and sodium 

‘ Ann., 238, 333 (1887). 

^ Later it was shown that the hydrate is partially converted into the red tetra¬ 
chlorofluorescein by this treatment and a part of this red color was due to this sub¬ 
stance. 
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•oatote. This diacetate was oystallized from benzene until a perfectly 
vMte product was obtained, then saponified with alcoholic caustic potaidi. 
TIk alcoholic solution of the dipotassium salt thus formed was diluted 
a large amount of water» and poured, with constant stirring, into an 
coaesess of dilute hydrochloric acid. The light yellow precipitate of the 
hydrate was then filtered off and thoroughly washed with water until 
free from hydrochloric acid and chlorides. This hydrate was found to be 
completely soluble in ether, thus showing that it contained none of the 
daifc red material (possibly a mixtme of the two isomeric modifications 
of tetrachlorofluorescein) present in the crude product. 

When dried to constant weight at 170® in the electric drying oven* 
this hydrate was converted into a red compound which proved to be pure 
anhydrous tetrachlorofluorescein as shown by the following chlorine 
determinations:^ 

Subst. 0.1936, 0.2304, cc. o.i N AgNOs, 16 43, 19-5^ 

Calculated for C^oHsCUOs, Cl, 30.18; found, 30.10, 30.14 

The tetrachlorofluorescein thus obtained is a brick-red powder, soluble 
in aHealies with a reddish yellow color and greenish fluorescence. If the 
aUr!^^liy> solution be diluted with a large amount of water, the color be> 
comes pinkish yellow with the same greenish fluorescence. The fluorescence 
is much less marked than in the case of fluorescein. It is insoluble in 
water, acetone, ethyl acetate, ether, and chloroform, very slightly soluble 
in 95% alcohol with a yellow color and greenish fluorescence. 

letter it was found that tlie above described method of purification by 
dissolving the hydrate in ether and recrystallizing from alcohol and from 
acetone is unnecessary, since the crude product can be converted directly 
into the diacetate, and this diacetate obtained perfectly white and pure 
by repeated crystallization from benzene or from acetone. This diacetate 
has the same melting point and other physical constants as the diacetate 
prepared from the previously purified tetrachlorofluorescein. When 
this white product is saponified with alcoholic caustic potash, and the 
dfluted alcoholic solution acidified, a yellow hydrate is formed which, 
when filtered off and thoroughly washed with water, was found to be 
completely soluble in ether, showing that it contains none of the dark 
ted material supposed to be a mixture of the isomeric tetrachlorofluores- 
eeins. All of the tetrachlorofluorescein used in this investigation was 
purified by converting the more or less impure tetrachlorofluorescein into 
the diacetate, recrystallizing this diacetate from a number of solvents 
until it was perfectly white and had a constant melting point, and saponi¬ 
fying it with alcoholic caustic potash. In this manner a tetrachloro- 
^ Am. Chem. 48, 477 (1912). 

* All the chlorine determinations in this article were made by the lime method. 
Am. Chem. J., 41, 393. 
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flucEescein was obtained free from any of the possible isomeric tetrachloro- 
fluoresceins. 

Tetrachlorofiuorescein Hydrate, —When a very dilute alkaline solution 
of pure tetrachlorofiuorescein is poured into an excess of dilute mineml 
acid, a light yellow substance is precipitated. This material was pre* 
pared for analysis and investigation in the following manner: Ten grams 
of pure tetrachlorofluorescein, obtained from the saponification of the 
pure diacetate, (see p, 691), were dissolved in 500 cc. of water contain* 
ing 3 g. of potassium hydroxide. After filtering, this solution was diluted 
to one liter and poured slowly and with constant stirring into a liter of 
water containing 3 g. of hydrochloric acid gas. The light yellow pre¬ 
cipitate thus formed was filtered off on a Buchner funnel, transferred to 
a flask, washed thoroughly by shaking with water, again filtered and 
washed on the funnel, until the wash water gave no test for chlorides. 
This yellow substance was dried in the air and analyzed. When heated 
in the electric drying oven to a temperature of 110° the substance lost 
weight, moisture collected upon the cool part of the tube,^ the material 
turned red and came to constant weight in forty-five minutes. The fol¬ 
lowing results show that this substance is a hydrate of tetrachlorofluores- 
cein: 

Subst. 0.2554, 0.2356; loss at 110®, 0.0103, 0.0088 
Calculated for C2oH8Cl406.H80, 3.69; found, 4.03, 3 74 

When this hydrate is allowed to stand in the air (temperature 23-25®) 
for ten days some of the combined water is lost, as shown by the following 
determination: 

Subst. 0.5537, loss at no®, 0.0159 ** 2.87 

This is also shown by the fact that the material dried for this length of 
time is not completely soluble in ether—some dark red material, anhydrous 
tetrachlorofiuorescein, remaining undissolved—^whereas the freshly 
pared dry hydrate is completely soluble in ether. 

The following chlorine determinations on the product, dried to constant 
weight at no®, show that it is the red anhydrous tetrachlorofluorescein: 
Subst. 0.2429, 0.1133; cc. o I AgNOs, 20.68, 9.66 
Calculated for C2oH8Cl40«, Cl, 30.18; found, 30.20, 30.23 

Tetrachlorofiuorescein hydrate is very soluble in ether, acetone, and 
ethyl acetate, readily soluble in methyl and in ethyl alcohol, only slightly 
soluble in chloroform, and insoluble in benzene. When the moist hydrate 
is crystallized from 95% ethyl alcohol, the excess of the solvent being dis¬ 
tilled off below 35® (under reduced pressure), it is almost completely con¬ 
verted into the carbinol acid (see p. 690), which forms beautiful pale 
yellow needles. 

The yellow hydrate also loses a molecule of water when kept in an 
* Am. Chem. J., 41, 404 (1909) and 48, 477 (1912). 
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evuciiatied desiccator over phosphorus pentoxide, but in this case the 
anhydrous product has only a pale yellow color, and is probably the lac- 
toid form of tetrachlorofluorescein, which was also obtained from the 
etherate and from the compound with ethyl acetate (see pp. 694 and 695). 
The diange into the red tetrachlorofluorescein is also brought about 
by boiling the yellow hydrate with water, contrary to Graebe, or with 
benzene. Attempts to recrystallize the yellow hydrate by distilling off 
some of the solvent at atmospheric pressure always resulted in a mixture 
of crystals of the yellow hydrate, or carbinol acid, and the red tetrachloro¬ 
fluorescein. The yellow hydrate when acetylated with acetic anhydride 
gives the same diacetate as is obtained from the red anhydrous tetrachloro¬ 
fluorescein and from the carbinol acid. The yellow hydrate dissolves 
in solutions of the alkalies with the same color and fluorescence as tetra¬ 
chlorofluorescein itself, and it is precipitated out again when the dilute 
alkaline solution is poured into an excess of acid. The yellow hydrate 
is also formed, contrary to the statement of Graebe, when a dilute solution 
of tetrachlorofluorescein in ammonia or sodium carbonate is precipitated 
by add. 

Acetonate of Tetrachlorofluorescein, The hydrate dissolves in acetone 
with a clear yellow color, and when some of the solvent is distilled off 
light yellow' crystals separate. These may be obtained almost white 
upon recrystallization from the same solvent. When this substance is 
heated to 160® in a current of carbon dioxide, both water and acetone 
are given off. The material was analyzed in the following manner: A 
weighed amount was placed in a platinum boat, inserted in the electric 
dr}dng oven^ and heated to a temperature of 160®. The tube was con¬ 
nected to two Hugershoff gas wash bottles containing distilled water and 
surrounded by ice. A current of dry carbon dioxide was passed over the 
heated substance, the acetone being absorbed in the water and subse¬ 
quently determined by titration with standard iodine solution.* The 
following results were obtained from three different samples made at differ¬ 
ent times: 

Subst. 0.4945, 0.6367, 0.4013; loss at 160^, 0.0773, 0.0856, 0.057H 
Calculated for loss of acetone and water from C»oHsCl406.C,nH60.H20, r \ , 

found, 15.63, i 3 A 4 f 1440 

Tile solution in the two Hugershoff wash bottles of Determination I was made up 
to 500 cc. with distilled water, and three 50 cc. portions (a, b, c) were titrated with 
standsfd iodine solution. Cc. o.i N iodine, a, 4.89; b, 4.85; c, 4.89 Acetone found, 
9.50, 9.58; mean, 9.53. 

The solution in the wash bottles in Determination II was diluted and titrated 
in the same manner with the following results: Cc. o i A' iodine, a. 6.21, b, 6.08; c, 
6.20. Acetone found. 9.43, 9.24, 9.42; mean,9 .36 
‘ Am. Chem. 48, 477 
*Ibid., 44, 6 (1911)- 
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From Determination 111 the following results were obtained: Cc. o.x NmdSmt0 A# 
3-95; 3*91 * Acetone found, 9.52, 9 43; mean, 9.48. Calculated for CsoHbCI4|0»4C«8iO* 
HjO, 10.62 

The compotmd remainitig after the acetone and water are driven off 
is the red anhydrous tetrachlorofluorescein as shown by the foUowitif 
analyses: 

Subst. 0.2783, 0.1738; cc, o.i iV AgNOa, 23.62, 14.75 
Calculated for C20H8CI4O6, Cl, 30.18; found, 30.09, 30.10 

From these results it seems probable that the almost white product 
obtained from the acetone solution of the hydrate, is a mixture of the 
diacetonate of tetrachlorofluorescein and the hydrate itself, or it may be 
a mixture of the diacetonate and tetrachlorofluoresceincarbinolcarboxylic 
acid (see below). The fact that the compound has such a slight color 
indicates that it contains very little, if any, of the yellow hydrate. 

Tetrachlorofiuoresceincarbinolcarboxylic Acid .—This compound was made 
from the purified diacetate of tetrachlorofluorescein by saponifying with 
alcoholic sodium hydroxide, in the same manner as in the preparation 
of the disodium salt of tetrachlorofluorescein (see p. 698). The alcdiolsc 
solution, containing an excess of sodium hydroxide, was diluted with a 
large amotmt of water and poured into .an excess of dilute hydrochloric 
add. After stirring with a current of air for five minutes the predpitate 
was allowed to settle, the supernatant liquid poured off and the pre¬ 
cipitate filtered off on a Buchner funnd. This precipitate was redis¬ 
solved in sodium hydroxide, the solution diluted to three liters, filtered 
and poured slowly, and with constant stirring, into an excess of hydro¬ 
chloric acid diluted to three liters. The light yellow predpitate thus 
formed was extracted at once with ether. The amber colored ethereal 
solution was separated from the aqueous layer, filtered, and dried by shaking 
for ten minutes with a large amotmt of fused caldum chloride. The 
solution was then filtered into a round bottom flask and one-half of the 
ether distilled off on the water bath. After the addition of an equal amount 
of absolute alcohol, the distillation was continued at 35^, under reduced 
pressure, until almost white crystals separated. These were filtered off, 
shaken with absolute alcohol, and the mixture filtered, when the material 
was obtained almost white, only a faint yellow color being noticeable. 
Some of this substance was recrystallized from absolute alcohol, under 
reduced pressure, but this yellow tinge remained. An attempt was made 
to recrystallize some of this material from methyl alcohol, under reduced 
pressure, but a mixture of the red anhydrous tetrachlorofluorescein and 
the carbinol add was always obtained. 

The air-dried material loses no weight when kept in an evacuated desic¬ 
cator over phosphorus pentoxide for two weeks. When heated in a current 
of carbon dioxide to a temperature of 110^ the carbinol add loses water 
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very slowly, forty-eight hours being required for all the water to be driven 
off. If however, the temperature be increased to 150®, the material comes 
to constant weight in eight hours. The loss in weight is entirely due to 
water, no alcohol or ether being given off. The carbinol carboxylic acid 
crystallizes with a half molecule of water of crystallization as shown by 
the following determinations of the loss in weight: 

Subst. 0.6635, 0-73*9; loss at 150®, 0.0360,0.0385. Calculated for change from 
CtoHti»Cl40«.o.sH20 to CsoHsCUOa, 5-44; found, 5.43, 5.26 

When heated to constant weight at 150°, the carbinol acid gives the 
red anhydrous tetrachlorofluorescein, as shown by the followingjchlorine 
determinations: 

Subst. 0.2688, 0.2531; cc o.i Af AgNOs, 22.85, 21 45 
Calculated for CioHaCbOe, Cl. 30.18; found, 30.14. 30.05 

Tetrachlorofluoresceincarbinolcarboxylic acid is also completely changed 
to the red anhydrous tetrachlorofluorescein by boiling for some time with 
water. It is partially changed to the red anhydrous tetrachlorofluorescein 
when recrystallized from methyl or ethyl alcohol or from ether, when the 
excess of the solvent is distilled off at atmospheric pressure, or if the solu¬ 
tions be allowed to evaporate in the air. It can, however, be recrystal- 
lized unchanged from absolute ethyl alcohol, provided the excess of the 
solvent be distilled off below 35 ®, under reduced pressure. 

It is very soluble in acetone, ethyl acetate, and ether, less soluble in 
methyl and ethyl alcohol, practically insoluble in chloroform and benzene. 
It dissolves in the alkalies and alkaline carbonates with the same color 
and fliuorescence as the yellow hydrate of tetrachlorofluorescein, and this 
alkaline solution when acidified gives the same yellow hydrate as the al¬ 
kaline solution of tetrachlorofluorescein does. It is thus possible to con¬ 
vert the carbinol acid into the yellow hydrate, and this hydrate can be 
reconverted into the carbinol acid by the method given above. Both 
the yellow hydrate and the carbinol acid give the same red anhydrous 
tetrachlorofluorescein when heated to 150®. This product gives the yellow 
hydrate when dissolved in alkalies and the solution is acidified with a 
mineral acid. The carbinol $icid also gives the same diacetate (melting 
point 256®) as is obtained from the anhydrous tetrachlorofluorescein and 
from the hydrate (see p. 688). On standing in a stoppered bottle the 
carbinol acid gradually takes on a yellow color. 

Tetrachlorofluorescein Diacetate ,—One hundred grams of anhydrous tetra¬ 
chlorofluorescein, made by heating the product recrystallized from acetone 
to constant weight at 140®, were mixed with 100 g. of anhydrous sodium 
acetate and 500 g. of pure acetic anhydride, and this mixture heated^to 
bofling for three hours. The solution was allowed to cool, when the^di- 
acetate crystallized out and most of the sodium|[acetate^remained in the 
sdution.^The crystals of tetrachlorofluorescein diacetate were filtered 
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off, washed thoroughly with water and dried to constant weight at 
Yield, 90 g. The filtrate was poured into water and 15 g. more of the IB- 
acetate were obtained. The crude material was then dissolved in faewaene 
and crystallized twice from this solvent. The diacetate thus ohtainad 
was perfectly white and had not the slightest trace of color. The 
point of the product dried at 160® is 256® (uncorr.). Separate pottions 
of this product were crystallized from absolute alcohol, acetone, and ethyl 
acetate. The material obtained from each of these solvents had the same 
melting point as the original, and was, therefore, pure, as shown by the 
following determinations on the air dried product: 

Subst. 0.7958, 1.1786; loss (benzene) at 160°, 0.0935, 0.1425 
Calculated for C2oH4Cl406(CH3CO)2.C«H6, 12.35; found, 11.75, 12.09 

When crystallized from benzene the diacetate, therefore, contains one 
molecule of benzene of crystallization. It loses a small amount <rf this 
benzene when dried in the air. 

Chlorine determinations on the product heated to constant weight at 
160® gave the following results: 

Subst. 0.3730. o 2805; cc. o.i iV AgNO», 26.76, 20.29 
Calculated for C2oH6Cl40#(COCH3)2, Cl, 25.60; found, 25.44, 

Tetrachlorofiuorescein diacetate is soluble in acetic anhydride, benzene, 
acetone, ethyl acetate, and slightly soluble in alcohol. When treated 
with alcoholic solutions of the alkalies it undergoes saponification even 
in the cold, quite readily when heated to boiling. Aqueous solutions of 
the alkalies hydrolyze the diacetate but slightly. It dissolves in coneeU' 
trated sulfuric acid with a yellow color and greenish fluorescence, prob¬ 
ably undergoing saponification. When this solution is diluted with water 
a light yellow compound, the hydrate, is precipitated, which is completely 
soluble in ether and therefore contains none of the red impurity fatmd 
in the crude material (see p. 686). 

Teirachlorofluorescein Monobenzoate .—^This substance was obteiwed 
in an attempt to prepare the dibenzoate of tetrachlorofiuorescein tbe 
Baumann-Schotten reaction, i. e., by the action of benzoyl chloride on 
a cold alkaline solution of tetrachlorofluorescein. The following method 
was employed: 18.8 g. of tetrachlorofluorescein were dissolved in aflo 
cc. of water containing 20 g. of potassium hydroxide. To this aohi'* 
tion 22.4 g. of benzoyl chloride were added slowly and with constij^it 
stirring. Within a short time after the addition of the benzoyl chloride, 
the benzoate separated out as a light reddish yellow, sticky mass. Tlds 
substance was separated from the solution by filtration and triturated 
with a 2% solution of potassium hydroxide. After filtration, the matedwl 
was washed well with a 2% solution of potassium hydroxide, then with 
hot water until all the alkali was removed. The solid residue was them 
extracted with 250 cc. portions of 95% alcohol until only a faint yettoir 
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ccdor was imparted to the extract. The residue from these extractions 
together with the material which crystallized out from the alcoholic ex¬ 
tract, was then dissolved in benzene and crystallized from this solvent. 
The crystals first obtained were orange-yellow in color but by repeated 
crystallization from chloroform and again from benzene, a perfectly white 
compound was obtained—melting point 235®. It is soluble in absolute 
alcohol, in benzene, and in chloroform. It dissolves with difficulty in 
dilute solutions of tlie alkalies with a yellow color and greenish fluorescence. 
A light yellow substance, probably a hydrate, is precipitated from these 
solutions on the addition of acid. The monobenzoate is slightly soluble 
in sodium carbonate solution with the same color and fluorescence as the 
dilute alkaline solution. 

The air dried product loses approximately a molecule of benzene on 
heating to 150®, as shown by the following results: 

Subst. 1.0647, 0.4052, o 7224, loss (benzene) at 150°, 0.1152, 0.0393, 0.0588 

Calculated for C2oH7Cl405(C7HbO).CeHo, 11.97; found, 10.82, 9.70, 8.14 

Determination IT was made on material which had been kept in a stoppered bottle 
for several weeks, while Determination III was made on some of the same material 
which had been kept for more than a year in a stoppered bottle. 

Determinations of chlorine on the product heated to constant weight at 150° show 
tiiat the compound is the monobenzoate. 

Subst. 0.3601, 0.2464, o 1788*, cc. o.i N AgNO», 24.97, 17.06, 12.40. 

Calculated for C2oH7Cl40i(C7H60;, Cl, 24.71; found, 24.59, 24.55, 24.82 

When this white monobenzoate is heated in a current of carbon dioxide 
to 150® it becomes pale yellow in color. To determine if this change in 
color is due to decomposition involving a loss of chlorine, a determination 
of chlorine was made on the air-dried product and the results calculated 
for the material free from benzene, the loss in weight of some of the same 
substance having been previously determined by heating it to a tempera¬ 
ture of 150®. 

Subst. 0.3030; subst. at 150®, computed, 0.2736; cc. o 1 N AgNOs, 18.94. 

Calculated for C2oH7Cl405(C7HbO), Cl, 24.71; found, 24.55. 

From this result it is evident that the change in color is not due to de¬ 
composition, but is probably due to a partial molecular transformation 
from the lactoid to the quinoid form, as was observed in the case of the 
lactoid form of tetrachlorofluorescein (see p. 710). 

Acetyl Tetrachlorofluorescein Benzoate ,^—Five grams of the tetrachloro¬ 
fluorescein monobenzoate, prepared and purified as previously described, 
were boiled for two and one-half hours with 25 cc. of acetic anhydride. 
The solution thus obtained was poured while still hot into one liter of 
water and the mixture allowed to stand over night. The white substance 

* This tetrachlorofluorescein monobenzoate was made and analyzed by Mr. Wm. 
F. Flynn. 

* This compound was prepared and analyzed by Mr. Wm, F Flynn. 
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that separated out was filtered off, washed th(at>t%hly with water, aad 
crystallized from a mixture of ethyl acetate aud ethyl alcohoL The pure 
white compound thus obtained was analyzed for dilorine and the follow¬ 
ing results obtained on the product heated to constant weight at iio°: 
Subst. 0.1329. 0.1577; cc, o I N AgNOs, 8.59, 10.21 
Calculated for C2oH«Cl40j(C7H60)(CsHaO), Cl, 23.03; found, 22.92, 22.96 

Acetyl tetrachlorofluorescein benzoate is very soluble in ethyl acetate 
and in benzene, only slightly soluble in alcohol. It is insoluble in aqueous 
solutions of the alkalies, and undergoes slight hydrolysis when boiled with 
these solutions. It is readily saponified by alcoholic solutions of the caus¬ 
tic alkalies. 

Tetrachlorofluorescein Dibenzoate .—^This compound cannot be prepated 
by the Baumann-Schotten reaction as shown under tetrachlorofluoresodn 
monobenzoate but is readily made by the direct action of benzoyl chlopkle 
on the anhydrous tetrachlorofluorescein. Ten grams of anhydrous tetra- 
chlorofluoreksein were suspended in 100 cc. of benzoyl chloride and the 
mixture heated to the boiling point for one-half hour. At the end of this 
time the tetrachlorofluorescein was completely dissolved to a greenhdi 
brown liquid. When cold this solution was poured into 95% alcetool 
when the white dibenzoate separated out. This was filtered off and re¬ 
crystallized from benzene, from which solvent it was obtained perfectly 
white. Melting point, 247®. When heated in a current of air to 130® 
this compound lost only 1.5% and no moisture condensed upon the cool 
part of the tube but the odor of benzene was noticeable. This compound, 
therefore, crystallizes without benzene of crystallization. A determina¬ 
tion of chlorine on the product heated to constant weight at 130® shoyrs 
that it is tetrachlorofluorescein dibenzoate. 

Subst. 0.3025; cc. o.i iV^ AgNOi, 17.95* 

Calculated for CtoHeCl406(C7HftO)s, Cl, 21 20, found, 21 04. 

Tetrachlorofluorescein dibenzoate is soluble in benzene, in acetone and 
in ethyl acetate, almost insoluble in alcohol. It is insoluble in aqueous 
solutions of the alkalies, and undergoes only slight hydrolysis when boiled 
with these solutions. It is slowly saponified by alcoholic solutions of the 
caustic alkalies. 

Tetrachlorofluorescein Etherate .—^The yellow hydrate dissolves completely 
in ether giving a light amber colored solution, and upon distilling off some 
of the ether an almost white compound, together with some of the daik 
red anhydrous tetrachlorofluorescein, crystallizes out. In order to ob¬ 
tain this white compound pure and free from the red, the following method 
was employed: Two grams of the air-dried yellow hydrate were dissolved in 
200 cc. of anhydrous ether, the solution filtered from a very smah amount 
of the red anhydrous tetrachlorofluorescein contained in the hydrate, 
and heated to boiling on a water bath in a flask fitted with a return con- 
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denser. The solution became lighter in color by this treatment, and upon 
cooling a few white crystals separated, togetlier with some of the dark 
red anhydrous material. After filtering, some of the ether was distilled 
off below 20^, under reduced pressure, when white crystals separated. 
These were filtered off with the aid of suction but they turned yellow very 
quickly as the adherent ether evaporated, and became white again when 
moistened with ether or when brought into contact with ether vapor. 
In order to prevent this change to yellow the white crystals were filtered 
off on a Buchner funnel with suction, and while still moist with ether 
transferred quickly to a deep beaker and the remaining ether allowed to 
pass off slowly with a column of ether vapor above the crystals. By 
this means a perfectly white product was obtained. The change is prob¬ 
ably due to a transformation of a part of the etherate to the yellow hy¬ 
drate by the condensation of moisture upon the white crystals as the me¬ 
chanically held ether rapidly evaporates. A weighed amount of the 
etherate was placed in a platinum boat and a rapid current of dry air at 
room temperature passed over it. At the end of twenty hours it was 
still losing weight and had become pale yellow in color. The substance 
was then gradually heated to 110° and came to constant weight at the end 
of seven hours. At no time did any moisture condense upon the cold 
part of the tube, and the material remained pale yellow^ in color. The 
tube was then heated to a temperature of 160® for fifteen minutes. Under 
this treatment the substance became pinkish yellow without any further 
loss in weight. The following results were obtained: 

Siibst. 0.4494, o 2322; loss (ether) at 110®. o o6f>7, o 0308 
Calculated for C2oIl8Cl40f,.C4HioO, 13 62; found, 13 51. 13 26 
Determination 1 was made upon the air-dried, freshly prepared material, in IT the 
substance had been kept in a stoppered bottle for four days. 

Chlorine determinations on the material heated to constant weight at 110° gave 
the following results* Subst. 0.2504, 0.2012; cc. o i N AgNOj, 21 33, 17.03. Calculated 
for CaoHgChOb, Cl, 30 18; found, 30.21, 30.01. 

Tetrachlorofluorescein etherate is a fairly stable, colorless, crystalline 
compound containing one molecule of ether. It loses this ether slowly 
in a current of dry air at room temperatures, more readily at 110®, leaving 
a pale yellow, anhydrous tetrachlorofluorescein in the lactoid form (see 
p. 710)- When tetrachlorofluorescein etherate is heated with water it 
loses ether and the dark red (quinoid) anhydrous tetrachlorofluorescein 
is left. It is soluble in acetone and alcohol. Its solution in absolute 
alcohol gives tetrachlorofluoresceincarbinolcarboxylic acid when the alco¬ 
hol is distilled off at 35®, under reduced pressure (see p. 690). 

Compound of Tetrachlorofluorescein with Ethyl Acetate .—For the prepara¬ 
tion of this compound five grams of the yellow hydrate were dissolved in 200 
cc. of dry, freshly distilled ethyl acetate, the solution filtered to remove 
the small amount of red anhydrous tetrachlorofluorescein, and some of 
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the solvent distilled off under reduced pressure. A white, beautifully 
crystalline compound separated out. This was treated in the same manner 
and with the same precautions as the etherate, when a perfectly white 
substance was obtained. This compound was placed in a tightly stoppered 
bottle and analyzed. 

Subst. 0.4610, loss (ethyl acetate) at 130®, 0.1298. 

Calculated for CaoHsChOs.CCHaCOOCjHfi)^ 27.26; found, 28.16. 

When kept in a tightly stoppered bottle for two days: 

Subst. 0.3034; loss, 0.0539. 

Calculated for CjoHgChOs.CHaCOOCiHfc, 15.78; found, 17.77 

During the heating there was no condensation of moisture upon the cold 
part of the tube of the drying oven. The material remaining in the boat 
was pale yellow in color, and is the lactoid form of anhydrous tetrachloro- 
fluorescein as shown by the following chlorine determination: 

Subst. 0.2353, cc. o.i N AgNOa, 19.97. Calculated for CsoHsCbO^, Cl, 30.18; 
found. 30.10. 

This compound with ethyl acetate resembles very closely in its proper¬ 
ties and solubilities tetrachlorofluorescein etherate. 

Monopotassium Salt —For the preparation of this compound ten grams 
of the anhydrous tetrachlorofluorescein were suspended in 300 cc. of 95% 
alcohol and five grams of potassium acetate dissolved in 200 cc. of alcohol 
were added. The mixture was boiled in a flask fitted with a return coii^ 
denser. At the end of half an hour the monopotassium salt crystallized 
out from tlie solution. This compound is light red in color and may be 
obtained beautifully crystallized from alcohol. The product thus ob¬ 
tained crystallizes with three molecules of water, as shown by the follow¬ 
ing analysis made on the air-dried material: 

Subst. 0.1442; cc. O.I N AgNOs, xo.33 

Calculated for C2oH7Cl40ftK.3H20, Cl, 25.24; found, 25.41 

A potassium determination on the same material gave the following result: Subst. 
0.2867; K2SO4, 0.0438, Calculated for C2oH7Cl40aK.3H20, K, 6.96; found, 6.87. 

All of the water of crystallization is not removed from this salt by long 
heating to a temperature of 180^, one-half of a molecule remaining, as 
shown by the following determinations on the loss in weight: 

Subst. 0.7925, 0.6270; loss (HjQ) at 180®, 0.0657, 0.0523 
Calculated for C20H7CI4O6K.2.5H2O, 8.14; found, 8.29, 8.34 

After heating to this temperature the salt was analyzed and gave the following 
results* Subst. 0.2664; cc. 0,1 iV^ AgNOa, 20,44. Calculated for C2oH7Cl40ftK,o.5HaO, 
Cl, 27.44; found 27.21. 

A potassium determination on the same material gave the following result: Subst. 
0.1511; KtS04, 0.0252. Calculated for C30H7CI4OSK.0.5H2O, K, 7.56; found, 7.49 

The monopotassium salt, therefore, contains three molecules of water 
of crystallization, and retains one-half a molecule on heating in dry air 
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to a temperature of i8o®. It is soluble in water and in methyl alcohol, 
difficultly soluble in ethyl alcohol. 

Dipotassium Salt, —One hundred grams of the pure diacetate were sus¬ 
pended in one liter of absolute alcohol, and one liter of absolute alcohol con¬ 
taining 50 g. of potassium hydroxide was added. This mixture was boiled 
for an hour in a flask connected with a return condenser. Some of the 
alcohol was then distilled off and the potassium salt crystallized out. 
This salt was recrystallized from absolute alcohol several times, and the 
air-dried product gave the following results on analysis: 

Subst. 0.2597, o 2648; cc. o I N AgKO.i, 16.36, 16.97; Calculated for C20H5CI4O6K2. 
4 sHiO, Cl, 22.62; Calculated for C20HGCI4O5K2.5H2O, Cl, 22.30, found, 22.35, -22.73 
The determination of potas.sium by fuming down with concentrated sulfuric acid 
gave the following results* Subst. 0,2121, 030^)7; K2SO4, 0.0589, 0.0857; Calculated for 
C»oH«Cl405K2.4.5H20. K, 1247; Calculated for CjoHaCbOaKa 5H2(), K. 12.49; found, 
12 46, 12 54 

It was found to be impossible to remove all of tlie water of crystalliza¬ 
tion by heating without decomposing the salt—one molecule being held 
even when the salt was heated for a long time to a temperature of 170®. 
The analyses of the air-dried material indicate that it contains four and 
one-half or five molecules of water. It crystallizes from alcohol in beauti¬ 
ful dark red prisms having a cantharides green luster. I'hese crystals 
are very soluble in water and in methyl alcohol, less soluble in ethyl 
akohol, insoluble in ether and in acetone. Solutions of the dipotassium 
salt are red with a greenish fluorescence, if very dilute, yellowish red with 
a greenish fluorescence. 

When a vei*}^ dilute solution (0.5%) of the dipotassium vsalt is added to 
a slight excess of very dilute (tenth normal) acid, the yellow hydrate of 
tetrachlorofluorescein is precipitated. This precipitate becomes crystal¬ 
line on boiling, with but little change in color. If, however, a .stronger 
solution be added to a large exce.ss of acid, and the mixture be boiled, the 
hydrate first formed is changed completely to the red anhydrous tetra¬ 
chlorofluorescein. 

Monosodium Salt, —This salt was prepared in the same manner as the 
monopotassium salt of tetrachlorofluorescein. Ten grams of the anhydrous 
tetrachlorofluorescein were susp)ended in 250 cc. of 95% alcohol, and five 
grams of anhydrous sodium acetate dissolved in 250 cc. of alcohol were added. 
After boiling for half an hour the monosodium salt separated out. This 
was filtered off, washed thoroughly with alcohol to remove any sodium 
acetate and analyzed. 

Subst. 03927; loss (H2O) at 150®, 0.0242. 

Calculated for C2oH7Cl406Na.2H20, 6.82; found, 6.16. 

A sodium determination on the product dried at 150® gave the following result; 

Subst. 0.X444; Na2S04, 0.0206 

Calculated for C2oH7Cl404Na, Na, 4.68; found, 4 62 
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A dilorhie cktermination on this salt dried at 150^ gave the following result; 
Subst« 0.1386; cc. o.i iV AgNOa. 11.31 
Calculated for C^oHrCUOftNa, Cl, 28.84; found, 28.94 

The monosodium salt of tetrachlorofluorescein is orange-yellow in color, 
and is only slightly soluble in alcohol. When placed in water it undergoes 
hydrolysis and gives a colloidal solution of the yellow hydrate. 

Disodium Salt, —^This compound was prepared from the diacetate in 
a manner analogous to the preparation of the dipotassium salt, an alcoholic 
solution of sodium hydroxide being substituted for the alcoholic caustic 
potash. The disodium salt being much less soluble in absolute alcohol 
is precipitated out during the preparation—more completely when the 
solution is cooled. The salt was filtered off from the alcoholic solution 
and extracted with benzene to remove any unsaponified diacetate, and 
recrystallized from a mixture of methyl and ethyl alcohols, and then from 
absolute alcohol. 

The following results were obtained on the material crystallized from 
absolute alcohol and dried in the air at room temperatures: 

Subst. 0.2961, 03208; cc. O.I AT AgNOg, 19.53, 21.23 
Calculated for C2oHgCl405Na2.5HjO, Cl, 23.49; found, 23.39, 23 47 
The sodium determinations made by fuming down with concentrated sulfuric acid 
gave the following results: Subst. 0.1788, 0.2779; NagSOi, 0.0416,0.0652; Calculated 
for C2oH«Cl40fNa2.5H20, Na, 7.57; found, 7.53, 7.60 

This salt crystallizes from alcohol in dark red prisms very similar to 
the dipotassium salt—^the dipotassium salt being a little darker in color. 
It is very soluble in water and soluble in methyl alcohol, but less soluble 
in ethyl alcohol than the dipotassium salt. 

Action of Dry Ammonia on the Red Anhydrous Tetrachlorofluorescein. 

Diammonium Salt of Tetrachlorofluorescein, —weighed quantity of the 
red anhydrous tetrachlorofluorescein obtained by heating the yellow 
hydrate to constant weight at no®, was placed in a platinum boat and a 
current of dry ammonia gas passed over it. The ammonia was dried by 
passing it through soda lime and then over sodium. The substance be¬ 
came darker in color, and absorbed ammonia very rapidly at first, but 
five days were required for the material to come to constant weight. 
The following results were obtained: 

Subst. 0.5373, 0.6380; gain in wt., 0.0390, 0.0465; wt. of salt, 0.5763, 0.6845 
Calculated for C2oH«Cl406(NH4)2, NHg, 6.76; found. 6.77, 6.79 

When this diammonium salt is heated to 150® in a current of dry hydro¬ 
gen it loses all of its ammonia and the original weight of the red anhydrous 
tetrachlorofluorescein is obtained. 

Action of Dry Ammonia on the Colorless Anhydrous Tetrachlorofluorescein; 
Trianimonia Salt of Tetrachlorofluorescein, —^When the almost colorless 
lactoid form of tetrachlorofluorescein, obtained from the etherate or 
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from the compound with ethyl acetate (see pp. 694 and 695),is placed in dry 
ammonia gas it turns bright red at once and there is an increase in weight 
corresponding to exactly three molecules of ammonia. If this salt be 
heated to a temperature of no® in a current of dry air or hydrogen, all 
of the ammonia is lost and the almost colorless lactoid form of anhydrous 
tetrachlorofluorescein is obtained. This will again take up three mole¬ 
cules of ammonia. If this lactoid form be heated to a temperature of 
160-170® for some time, it is converted without loss into the red anhydrous 
tetrachlorofluorescein, and will then absorb an equivalent of only two 
molecules of ammonia. The following results were obtained: 

Subst. 0.1385, 0.4180; gain in wt., 0.0151, 0.0455, wt. of salt, 0.1536, 0.4635 
Calculated for C2onaCl406(NH3)3, NH3, 9 81; found, 9.83, 9.82 

The second determination was made on the lactoid form of the anhy¬ 
drous tetrachlorofluorescein obtained from the compound with ethyl 
acetate (see p. 695). 

When left exposed to the air this triammonia salt loses one molecule 
of ammonia very rapidly. The remainder of tlie ammonia is lost very 
slowly at room temperature, but very rapidly if heated to 110®. 

Action of Dry Ammonia on Tetrachlorofinoresceincarbtnolcarboxylic Acid, 
—^When the carbinol carboxylic acid of tertachlorofluorescein is placed in 
dry ammonia it turns bright red at once and there is a considerable in¬ 
crease in volume. The increase in weight is very rapid at first, but at the 
end of one hour the substance begins to lose weight. The results taken 
at the point of greatest increase in weight show that the substance takes 
up an equivalent of three molecules of ammonia, with but little loss of 
water. 

Subst. 0.4708, 0.3489; gain in wt., o 0470, 0.0359; wt. of salt, o 5178, o 3848 
Calculated for C2oH8Cl405(NH.})3.fl20, NH3, 9 48, found, 9 08, 9 33. 

When this ammonia salt is left in the ammonia there is a very gradual 
decrease in weight. Even after remaining in a slow current of dry ammo¬ 
nia for one week the material did not come to constant weight. When 
this salt is heated in a current of air to 120®, it loses both water and am¬ 
monia—the loss on the original material being the same as that obtained 
when the carbinol acid is heated to constant weight at 170®. When this 
substance, which is yellowish red in color, is placed in ammonia an equiva¬ 
lent of exactly two molecules is absorbed, as in the case of tlie red anhy¬ 
drous tetrachlorofluorescein. This is shown by the following result: 
Subst. 0.4460; gain in wt., 0.0324; wt. of salt, o 4784 
Calculated for CaoH«Cl40«(NH4)2, NH,, 6.76; found, 6.77 

Action of Dry Ammonia on Tetrachlorofluorescein Hydrate - -The yellow 
hydrate of tetrachlorofluorescein turns bright red at once when placed 
in dry ammonia, and absorbs an equivalent of three molecules of ammonia 
with very little loss of water, as shown by the following determination: 
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Subst. 0.4940; gain in wt., 0.0541; wt. of salt, 0*5481 
Calculated for C3oH8Cl40i(NHj)8.H20, NHj, 9.48; found, 9.87 

When this salt is heated in a current of air to a temperature of 150^^ 
both ammonia and water are given off and the red anhydrous tetrachloro* 
fluorescein is obtained. The weight of this material is less than the weight 
of the yellow hydrate used at the beginning of the determination, and 
the loss is equivalent to nearly one molecule of water, as shown by the 
following: 

Yellow hydrate, 0.4940; red anhydrous product, 0.4786; loss, 0.0154 
Calculated for C20H8CI4O5.H2O. H2O, 3.69; found, 3.12 

Tetrachlorofluorescein Methyl Ester. —^This compound was prepared in 
the following manner: Ten grams of pure anhydrous tetrachlorofluores¬ 
cein.were suspended in 500 cc. of methyl alcohol and 100 grams of concen¬ 
trated sulfuric acid added. This mixture was boiled on the water bath 
fcMT one hour when the tetrachlorofluorescein had completely dissolved. 
About one-half of the methyl alcohol was then distilled off and the remain¬ 
ing solution poured into water when the dark red methyl ester was pre¬ 
cipitated. This was filtered off, washed thoroughly with water to remove 
sulfuric acid, dried, and recrystallized from benzene. The product thus 
obtained crystallizes without benzene of crystallization since the loss in 
weight is inconsiderable—being less than i %“when the air-dried material 
is heated in a current of air to 150®. 

A chlorine determination on the material dried to constant weight 
at 150® resulted as follows: 

Subst. 0.1545; cc, 0.1 N AgNOj, 12.64 

Calculated for C20H7CI4O6CH3, Cl, 29.12; found, 29.CX1 

The monomethyl ester of tetrachlorofluorescein is insoluble in water, 
difficultly soluble in methyl alcohol, soluble in ethyl alcohol, and very 
soluble in acetone and in benzene. It dissolves in cold aqueous solution 
of caustic soda and is precipitated out again unchanged upon the addi¬ 
tion of acids. It is insoluble in cold aqueous solutions of the alkaline 
carbonates, but dissolves slowly when the solution is boiled, and separates 
out on cooling. The alkaline solutions of the methyl ester have the same 
color and fluorescence as the alkaline solutions of tetrachlorofluorescein 
itself. Strong hot hydrochloric acid (sp. gr. i. 10) dissolves the methyl 
ester with difficulty, forming the orange hydrochloride which crystallizes 
out on cooling. 

Tetrachlorofluorescein methyl ester does not absorb ammonia even 
when kept in a current of dry ammonia for several days. 

Action of Dry Hydrochloric Acid Gas on Tetrachlorofluorescein Methyl 
Ester. Tetrachlorofluorescein Methyl Ester Hydrochloride. —^When the dark 
red methyl ester is placed in a current of dry hydrochloric acid gas, it be¬ 
comes orange in color and absorbs an equivalent of nearly two molecules 
of hydrochloric acid, as shown by the following: 
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Suhst 0.1958; hydrochloride, 0.2219 

Calculated for CaoHrCUOsCHa 2HCI, HCl, 13 14; found, it 76 

When this compound is placed in a current of dry air at room tempera¬ 
tures, the excess of hydrochloric acid above one molecule is lost very 
readily, and the hydrochloride of tetrachlorofluorescein methyl ester is 
obtained, as shown by the following: 

Suhst. 0.1958, hydrochloride, o 2104 

Calculated for C20H7CI4O&CH1 HCl, HCl, 7 04, found, 6 94 

Action of Dry Hydrochloric Acid Gas on Fluorescein; Fluorescein Hydro¬ 
chloride. —A weighed quantity of the dark red anhydrous fluorescein, ob¬ 
tained by saponification of the pure diacetate of fluorescein, was placed 
in a platinum boat and subjected to the action of dry hydrochloric acid 
gas. The material became light yellow in color and absorbed an equiv¬ 
alent of one molecule of hydrochloric acid. This yellow substance is 
fluorescein hydrochloride as shown by the following result; 

Suhst 0.2724; hydrochloride, 03058 

Calculated for C20H12O6 HCl, HCl, lo 98 ; found. 10 9- 

When heated in a current of air to a temperature of 150° this h}'dro- 
chloride loses all of its hydrochloric acid and the original weight of dark 
red fluorescein remains. 

The light yellow hydrochloride of fluorescein is also formed when the 
dark red fluorescein is boiled in concentrated hydrochloric acid.^ It is 
slightly soluble in the hydrochloric acid with a yellow' color but without 
fluorescence. 

Dry hydrochloric acid gas is not absorbed by the red anhydrous or the 
colorless anhydrous tetrachlorofluorescein. When the red anhydrous 
tetrachlorofluorescein is boiled with concentrated hydrochloric acid no 
color is imparted to the solution nor is there any noticeable change in the 
tetrachlorofluorescein. 

Tetrachloroeosin. —^I'he bromination of tetrachlorofluorescein was car¬ 
ried out in the following manner: Ten grams of pure anhydrous tetra¬ 
chlorofluorescein were suspended in forty grams of glacial acetic acid and 
75 grams of a 20% solution of bromine in glacial acetic acid were added. 
The greater part of the tetrachlorofluorescein dissolved at first, but at the 
end of five minutes the tetrachloroeosin began to crystallize out. The 
mixture was allowed to stand over night, then heated on a water bath 
for ten or fifteen minutes and allowed to cool. The crystals which separa¬ 
ted were filtered off and washed with glacial acetic acid. Yield, ten 
grams. This substance, which was dirty pink in color, was dissolved in 
glacial acetic acid and the solution filtered while hot. Ui)on cooling this 
solution, white crystals of tetrachloroeosin separated. The material thus 
obtained was filtered off with suction and washed with glacial acetic acid. 

^ Compare Gattermann, Ber., 32, 1135 (1899). 
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When washed with water or alcohol these white crystals of tetrachloro- 
eosin became pink* This color was removed by washing again with 
glacial acetic acid. The compound was exposed in the air until it no 
longer had the odor of acetic acid and was then analyzed. 

Subst. 0.4582, 0.6231; loss (acetic acid) at 150®, 0.0339, 0.0453. 

Calculated for C2oH4Cl4Br406.CH»COOH, 7.08; found, 7 40, 7.27. 

The air-dried product crystallized from glacial acetic acid loses one mole¬ 
cule of acetic acid when heated to a temperature of 150®, and no water 
condensed on the cold part of the tube. The compoimd remains white 
unless it is heated above 150° o^ the heating be continued for a long time 
at 150®, when it becomes light pink in color. 

The chlorine and bromine determinations on tetrachloroeosin and its 
derivatives were made in the following manner: A weighed quantity of 
the material was mixed with lime, placed in a Jena glass tube and heated 
in the same manner as in the determination of chlorine.^ After heatings 
the contents of the tube were dissolved in dilute nitric acid, the carbon fil¬ 
tered off and thoroughly washed with water. A measured excess of 
tenth-normal silver nitrate was then added to the filtrate and the mix¬ 
ture of silver halides filtered off on a weighed Gooch crucible. After 
washing thoroughly with 1% nitric add, the mixture df i|lver halides on 
the Gooch was dried to constant weight at 145®, and the ^ight recorded. 
The excess of silver nitrate in the filtrate was then titrated with tenth- 
normal ammonium thiocyanate solution. From the weight of the silver 
halides and the volume of the tenth-normal silver nitrate solution re¬ 
quired to precipitate them, the percentage of chlorine and bromine in 
the original compound can be indirectly determined, using the following 
formulas:* 

Percentage of chlorine = C — 53.249B/0.6676 A 
Percentage of bromine ~ 69.763 B — C/0.38809 A 
in which A == the weight of the substance taken 

B ~ the weight of the silver halides 

C = the volume in cc. of the tenth-normal silver nitrate solu¬ 
tion required to exactly precipitate the chloride and bromide. 

As a check upon this indirect method of determination, the mixture of 
silver chloride and bromide on the Gooch was treated with dry chlorine 
gas until there was no further loss in weight. The silver bromide was thus 
completely converted into silver chloride. The percentage of the two 
halides in the original substance can be calculated from this loss in weight 
and the weight of the silver halides, by means of the following formulas: 
Percentage of chlorine =* 24.739 B — 104-495 
Percentage of bromine = 179.76 D/A 

* Am. Chem. 4X, 393 (1909). 

41, 380 (1909)- 
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in which A » the weight of the substance taken 
B » the weight of the silver halides 

D = the decrease in weight of the silver halides on treatment 
with chlorine 

Halogen determinations on tetrachloroeosin crystallized from glacial 
acetic acid and heated to constant weight at 150®, gave the following re¬ 


sults: 

Stiver Tenth-normal 

Substance. halides. silver nitrate. Chlorine. Bromine. 
Gram. Gram. Cc. Per cent. Per cent. 

J. 0.1994 0.3286 19.88 I7-5K> 39 41 

II. 0.2109 0.3478 21.02 17*76 3963 

III . 0.2324 0.3801 22.96 17.53 3947 

IV . 0.1896 o 3147 19.02 17.86 39 96 

In Determinations 111 and IV the mixture of silver halides was treated with chlorine 
and the following results obtained: ^ 

Substance. Silver halides. Decrease. Chl<ntne. Bromine. 

Gram. Gram. Gram. Per cent. Per cent. 

0.2324 o 3801 O 0506 17.71 39.14 

U.1896 0.3147 00430 1736 40.77 


Calculated for C2oH4C]4Br40&. 18.06 4069 

Calculated for C2oH4Cl4Br4C)6 H20.17.65 39 • 7^ 

These results seem to show that the substance is tetrachloroeosin with 
one molecule of water, that is, that it may be the carbinol-carboxylic 
add of tetrachloroeosin. It will be seen that the percentages of chlorine 
and bromine in the two compotmds are so dose together as to be within 
the limit of experimental error. Espedally is this the case, since an errcn: 
of o.oi cc. in reading the volume of the silver nitrate solution makes a 
difference of o. 10% in the percentage of bromine, and an error of 0.0001 
g. in the weight of silver halides make^ a difference of 0.20%. It is there¬ 
fore impossible to state with certainty, from the results of the halogen 
determinations alone, whether the compound is anhydrous tetrachloro¬ 
eosin or tetrachloroeosincarbinolcarboxylic acid. 

If this substance does contain a molecule of water it does not lose this 
water when heated for twenty-four hours at a temperature of 190-200® 
in a current of dry air, but becomes pink without any loss in weight. In 
this respect it is analogous to the lactoid form of tetrachlorofluorescein 
(see pp. 695 and 696). One gram of this white material was dissolved in 
nitrobenzene, which had been previously heated to boiling for some time 
to remove all the water. The dark red solution was then boiled in a dis¬ 
tillation flask, but no moisture collected upon the cold neck of the flask. 
From these facts, and from the behavior of the compound when placed in 
dry ammonia (see p. 706), it seems highly probable that the substance is 
the anhydrous tetrachloroeosin. 

This tetrachloroeosin dissolves in alcohol, acetone, ether, ethyl ace- 
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tate* chloroform, benzene, nitrobenzene and carbon disulfide. It is diffi^ 
cultly soluble in glacial acetic acid. The alcohol and acetone solutions 
Are reddish pink in color with a greenish yellow fluorescence, while the 
solution in etihier is pink without any fluorescence. The color of these solu¬ 
tions is destroyed by the addition of a drop of mineral acid. The solutions 
in ethyl acetate, chloroform, benzene, and carbon disulfide are colorless. 
The solution in nitrobenzene is dark red in color and probably contains 
the quinoid modification. Dilute solutions of the alkalies and alkaline 
carbonates dissolve tetrachloroeosin with a cherry-red color and greenish 
fluorescence. In very dilute alcoholic solutions of the alkalies the fluor¬ 
escence is brick-red (see p. 709). If strong alkali be added in large excess 
the color becomes purple, then blue, without any fluorescence. If this solu¬ 
tion be diluted at once, it becomes red with a greenish fluorescence. The 
same color change is observed if an insufficient amount of acid be added at 
once to this strong alkaline solution. If the strong alkaline solution be 
allowed to stand over night, and the greenish blue solution is then diluted 
with water, a deep blue solution without fluorescence results, like that ob¬ 
tained when gallein or tetrachlorogallein is dissolved in an excess of dilute 
alkali. If this blue solution be heated to boiling it becomes red, with the 
characteristic greenish fluorescence of tetrachloroeosin in dilute alkali. 
When the greenish blue strong alkaline solution is poured into an excess 
of acid a pink precipitate forms which dissolves in dilute alkali with a 
blm color without fluorescence. This blue solution changes to red with a 
greenish fluorescence, when heated or on long standing. This change in 
strong alkaline solution is probably due to the formation of a tetrapotas- 
sium salt of tetrachloroeosin (see p. 722). 

Tetrachloroeosin Hydrate ,—^This compound was prepared in a manner 
analogous to the preparation of tetrachlorofluorescein hydrate (see p. 
688). Five grams of the anhydrous tetrachloroeosin were dissolved in 500 cc. 
of water containing two grams of potassium hydroxide. This solution was 
filtered, diluted to two liters and poured, with constant stirring, into water 
containing an excess of hydrochloric acid. The reddish pink precipitate 
thus obtained was washed throughly by decantation, filtered on a Buchner 
funnel and washed free from chlorides. The product on drying in the air 
becomes lighter in color and loses some of its combined water, as shown by 
the following results on analysis: 

Subst. 0.6424, 0.5428; loss (H2O) at no®, 0.0079, 00065 

Calculated for C2oH4Cl4Br40*.H20, 2 24, found, 1,23, T.20 

When heated to constant weight at no® the pink hydrate loses water 
very readily and becomes almost white. This faintly pink compound is 
anhydrous tetrachloroeosin, as shown by the following halogen determina¬ 
tions: 
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Silver Tenth-normal 

Substance. halides. silver nitrate. Chlorine. Bromine. 
Gram. Oram. Cc. Per cent. Per cent. 

1. 0.1767 0.2930 17 73 18.01 39.60 

II. 0.2144 0.3584 21.65 17.96 40.25 

Decrease. 

Gram. 

II. o 2144 0.3584 0.0481 17 91 40 32 


Calculated for C2oH4Cl4Br406. 1806 40.69 

Tetrachloroeosin hydrate is soluble in alcohol, acetone, ether, and ethyl 
acetate, difficultly soluble in chloroform, and in benzene. When treated 
with solutions of the alkalies or alkaline carbonates, it behaves in the same 
manner as the anhydrous tetrachloroeosin (see p. 704). When treated 
with glacial acetic acid at ordinary temperatures, or more readily on 
hinting, it turns white, forming the compound of tetrachloroeosin with 
glacial acetic acid described above (see p. 702). The hydrate is insoluble 
in petroleum ether and in ligroin. When boiled with these solvents it 
becomes white, probably being transformed into the anhydrous tetra¬ 
chloroeosin. 

Tetrachloroeosin Diacetate ,—Five grams of pure anhydrous tetrachloro¬ 
eosin were mixed with five grams of anhydrous sodium acetate and 50 g. of 
acetic anhydride. This mixture was boiled for four hours, and, upon 
cooling, almost white crystals of the diacetate separated. This material 
filtered off, washed thoroughly with water, and extracted with abso¬ 
lute alcohol to remove any unacetylated tetrachloroeosin. When this 
residue was crystallized from acetone a perfectly white compound was 
obtained, which did not contain any acetone and melted at 298° to 300®. 
This product was then recrystallized from ethyl acetate and heated to 
150® until all the ethyl acetate of crystallization was removed. The 
lilting point remained unchanged. The perfectly white diacetate ob- 
tiwed from the ethyl acetate solution, and dried in the air, gave the fol¬ 
lowing results on analysis: 

Subst. 1.1649; loss (ethyl acetate) at 150®, 0.1035 

Calculated for C2oH2Cl4Br406(COCH3)2 CH3COOC2H6, 9.20; found, 8.88 

No moisture collected upon the cold part of the tube of the electric 
oven, but the odor of ethyl acetate was very noticeable. The compound 
therefore loses some of its ethyl acetate on drying in the air. 

A halogen determination on the substance heated to 150® gave the fol¬ 
lowing result: 

Subst. 0.1926; silver halides, 0.2915; cc. o.i N AgNOs, 17.63 

Calculated for C2oHaCl4Br403(COCH3)2, Cl, 16.31; Br, 36.76; found, 16.37, 36.30 

Tetrachloroeosin diacetate is soluble in acetic anhydride, benzene, 
Q^tone, ethyl acetate, and but slightly soluble in alcohol. When treated 
^th alcoholic solutions of the alkies it undergoes saponification even in 
Hie cold, quite readily when heated to boiling. Aqueous solutions of 
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the alkalies hydrolyse this diacetate but dightly. It dissolves in conceu* 
trated sulfuric add with a pink color and greenish fluorescence, probably 
undergoing h3rdrol3rsis, for when this solution is diluted with water a pink 
compound, the hydrate, is precipitated. 

Dipotassium Salt of Tetrachloroeosin. —Five grams of anhydrous tetra- 
chloroeosin were dissolved in 200 cc. of alcohol and 100 cc. of a solution of 
alcoholic caustic potash, containing three grams of potassium hydroxide, 
were added. This red solution was heated to boiling for half an hour, 
then some of the solvent was distilled off. Dark red crystals of the di¬ 
potassium salt separated. These were washed thoroughly with alcohxri, 
dried to constant weight at 150® and anal3rzed. A determination of 
potassium showed that this substance was not pure, but contained some 
of the tetrapotassium salt. (See p. 704.) The material was then re¬ 
crystallized twice from alcohol, dried in the air, and analyzed. The 
following results were obtained: 

Subst. 1.1689; loss (H2O) at 150®, o 1009; Calculated for C2oH2Cl4Br40iK4.4 5H1O, 
8.60; Calculated for CioH2Cl4Br406K2.5H20, 9.46; found, 8.83 

A determination of potassium in the salt dried to constant weight at 
150® gave the. following result^ 

Subst. 0.1348; K2SO4,0.0254; Calculated for C2oH2Cl4Br404K3, K, 9 07; found, 9.13 

Attempts to prepare the monosodhim salt of tetradiloroeosin in a man¬ 
ner similar to the preparation of the monosodium salt of tetrachloro- 
fluorescein, i. e,, by the action of anhydrous sodium acetate upon the an¬ 
hydrous tetrachloroeosin in alcoholic solution, resulted in the formatkai 
of a mixture of the mono- and disodium salts. These two salts could not 
be separated by repeated crystallization from alcohol. 

Action of Dry Ammonia on Tetrachloroeosin, —When the white com¬ 
pound, obtained by heating the tetrachloroeosin crystallized from glacial 
acetic acid (see p. 702) to constant weight at 150®, is placed in a current 
of dry ammonia it turns red at once, and absorbs ammonia very rapicfi^ 
with a large increase in volume and evolution of heat. The following re¬ 
sult was obtained: 

Subst. 0.2256; gain in wt.. 0.0237; wt. of salt, 0.2493 
Calculated for C2oH4Cl4Br402.5NH8, NHj, 9.78; found, 9.51. 

When the red ammonium salt thus formed is heated in a current of air 
to a temperature of 150®, all of the ammonia is lost and the original weight 
of white material is obtained. During this heating, no moisture collected 
upon the cold part of the tube, the loss in weight being due entirely to loss 
of ammonia. In the case of the compound formed by the action of am¬ 
monia on tetrachlorofluoresceincarbinolcarboxylic acid (see p. 699), how¬ 
ever, both ammonia and water are given off, and hence the white substance 
obtained by heating the compound crystallized from glacial acetic aqiil 
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t» constant weight at 150°, must be the lactoid fonn of tetrachloroeosin 
not the colorless carbinol carboxylic acid (see p. 721). 

When the light pink tetrachloroeosin obtained by heating the pink 
hjMrate to constant weight at no” is placed in dry ammonia it behaves 
in the same manner as the white tetrachloroeosin described above. This 
is shown by the following result: 

Subst. 0.5363; gain in wt.. o 0561, wt of salt, 0.5924 
Calculated for CsoH4Cl4Br406 sNHj, NH*, 9 78; found, 9,47 

When this red salt is heated in a current of air to a temperature of 150®, 
all the ammonia is lost, no moisture collected upon tlie cold part of the tube, 
and the original weight of the light pink tetrachloroeosin was obtained. 

Absorption and Fluorescence Spectra of Solutions of Fluorescein, 
Tetrachlorofluorescein, iBosin and Tetrachloroeosin. 



PloTessors E. L. Nichols and Ernest Merritt have examined solutions 
of flttorescein, tetrachlorofluorescein, eosin and tetrachloroeosin, and have 
shed the following description of the absorption and fluorescence 
ra of these solutions: 

''ifhotographs of the absorption spectra of fluorescein (I), tetrachloro- 
flttoftscein (II), eosin (III), and tetrachloroeosin (IV), were made with 
diffeifent thidcnesses of solution ranging from 2 mm. to 15 mm. The solu> 
tioiHf were prepared as follows: The phthalein was suspended in neutral 
absolute alcohol and an amount of alcoholic caustic potash equivalent to 
fotir molecules of the alkali to one of the phthalein was added. The solu- 
Horn were then diluted with neutral absolute alcohol until the absorption 
bands could be clearly seen through a layer of liquid 10 mm. thick. The 
fottowing concentrations were used: Huorescein, 4.37 mg. per liter; 
telfachlorofluorescein, 12.42 mg. per liter; eosin, 19.25 mg. per liter; 
tetrachloroeosin, 26.00 mg. per liter. 

“As a source of light the acetylene flame was used in all cases. For 
shewing the general diaracter of the absorption spectrum a thickness of 
aipproximately 10 mm. was fotmd to be best and this was the thickness 
UMd in making the photographs here reproduced. 


“It will be noticed that with the concentration and thickness used the 
^aaorption of fluorescein is less marked than that of either of the other sub- 
atnnces. The chief band lies in the blue with its crest approximately 
There is a second fainter band, which does not show on the 
pltotograph, l3dng toward the red and having its crest approximately at 
0*526ft* The bands are so broad that the crests cannot be located with 


accuracy and the wave lengths given are approximations only. The ab- 
seeption of tetrachlorofluorescein is more marked and is very nearly iden¬ 
tical with that of eosin. In each r a s e two bands are clearly seen, the denser 
om lying toward the red. The crests of these bands are approximately 
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0.523M and o,50iM for the tetrachlorofluorescein, and 0,523/* and 0.490/* 
for the eosin. 

“T!'he absorption bands of tetrachloroeosin are sharper than with any 
of the other substances. The two bands which appear in the photograph 
have their crests at approximately 0.553/* and 0.510/*. 

“Upon some of the negatives taken there was evidence that the more 
intense band in the case of tetrachlorofluorescein, eosin, and tetrachloro¬ 
eosin was in each case double; but we have found it impossible to obtain 
negatives in which the division is sufficiently sharp to show in the repro¬ 
duction. The wave lengths given for the denser bands of these three 
substances are therefore to be regarded as the average for the two bands 
that are in all likelihood present. 

“Perhaps the most striking point that is noticed in comparing the ab¬ 
sorption spectra of the four substances is the increasing wave length of the 
absorption bands as we pass from fluorescein to tetrachloroeosin in the 
order shown in the photograph. The wave length of the absorption 
bands increases constantly with the number of the halogen atoms intro¬ 
duced into the molecules of fluorescein. 

“A few preliminary tests at the temperature of liquid air indicate that 
the absorption at that temperature is considerably increased and that 
the existence of three bands in the absorption spectrum of tetrachloroeosin 
is more readily demonstrated at that temperature than at ordinary tem¬ 
peratures, There is no evidence, however, that the absorption bands 
become extremely narrow as is the case in some fluorescent substances, 
for example, the uranyl compounds. 

‘‘All of the substances show strong fluorescence, the color changing from 
greenish yellow with fluorescein to brick-red with tetrachloroeosin. This 
change is to be expected, since in fluorescent substances of this type the 
fluorescence band always lies immediately toward the red from the ab¬ 
sorption bands. 

“The crests of the fluorescence bands are at approximately the following 


wave lengths: 

Fluorescein. o 530M 

Tetrachlorofluorescein. o 554 m 

Eosin... 0.558/ii 

Tetrachloroeosin.. . o 585 m 


“There is some indication that the fluorescence bands are complex— 
as is to be expected on account of the complexity of the absorption spec¬ 
trum—^but a careful spectrophotometric study of the spectra would be 
required to establish this fact.“ 

Theoretical. 

The results of this investigation show that tetrachlorofluorescein exists 
in two forms. One is dark red and the other, colorless. The dark red 
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modification is the more stable of the two. It is obtained by heating tte 
yellow hydrate to constant weight at ixo^, and from tetradhloroflttQraiih 
ceincarbinolcarboxylic acid and the acetonate of tetrachlorofluorescain 
by heating to a temperature of 150-160®. The colorless form of tetna- 
chlorofluorescein may be obtained from the etherate and also from tlie 
compound with ethyl acetate, by heating in a current of dry air to ixO®. 
This colorless modification goes over without loss of weight to the dark 
red form on heating for some time to 150-160®. Because of its color, | 3 ie 
quinoid formula I is assigned to the dark red tetrachlorofluorescein, vAdle 
the lactoid formula II best represents the colorless modification. 



I. Tetrachlorofluorescein 11. Tetrachlorofluorescein 

(colored). (colorless). 

As derivatives of the quinoid formula (I) there have been prepared 
tetrachlorofluorescein hydrate (yellow), tetrachlorofluorescein methyl 
ester (dark red), the dipotassium, disodium and diammonium salts (dark 
red), the monopotassium salt (light red), and the monosodium salt (oraage). 
The following colorless compounds must be regarded as derived from the 
lactoid Formula (II): The diacetate, dibenzoate and monobenzoate of 
tetrachlorofluorescein I the acetate of the monobenzoate, tetrachkaro- 
fluorescein etherate, and the compotmd of tetrachlorofluorescein with 
ethyl acetate. Another colorless modification of tetrachlorofluoresorin, 
the carbinol carboxylic acid (see p. 690), has also been prepared. The 
colorless acetonate described on p. 689 is probably a mixture of this carbinol 
acid and the diacetonate (see p. 714). 

To the yellow hydrate, obtained by precipitating the caustic alkalioe 
solution of tetrachlorofluorescein with acid, Graebe^ assigns the lactoid 
formula 



I \ 

CeClf—CO 

Tetrachlorofluorescein hydrate, according to Graebe. 
^ Ann. der Chemie, 2$8, 334 (1887). 
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Since this compound is colored, and loses its molecule of water very 
readily (see p, 688), it probably has the quinoid structure. It must there¬ 
fore be represented by the following formula: 



Cl 


Tetrachlorofluorescem hydrate. 

This is in accord with the fact that the hydrate acts like a strong acid, 
decomposing the alkaline carbonates and acetates with the formation of 
salts, and reacting with methyl alcohol to form an ester. 

This hydrate is also formed, contrary to the statement of Graebe, 
when a dilute ammonia or sodium carbonate solution of tetrachloro- 
fluorescein is precipitated in the cold by acid (see p. 689). When any 
dilute alkaline solution of tetrachlorofluorescein is precipitated at the 
boiling temperature by acid, a mixture of the yellow hydrate and the red 
anhydrous compound results. This is also contrary to Graebe's state¬ 
ment. 

The above structure for the hydrate is confirmed by the fact that on 
treatment with acetic anhydride it yields tlie same diacetate as the an¬ 
hydrous tetrachlorofluorescein, and not a teiracetaie, as might be expected 
if this compound has the structure assigned to it by Graebe. The yellow 
hydrate loses water very slowly when left exposed to the air at room 
temperature, more readily in a vacuum desiccator over phosphorus pent- 
oxide, and very rapidly when heated to no"". This is contrary to the 
result obtained by Graebe, who states that tetrachlorofluorescein hydrate 
(tetrachloro-orthofluorescein) loses no weight at no®, and undergoes but 
little change at 150-160®. From these results it seems probable that 
Graebe’s tetrachloro-orthofluorescein was analyzed after crystallization 
of the precipitated hydrate from alcohol. If such was the case, it was a 
mixture of tetrachlorofluoresceincarbinolcarboxylic acid and a little of the 
hydrate, since it has been shown that the yellow hydrate when crystallized 
from alcohol is almost completely converted into the carbinol acid (see 
p. 690). This carbinol acid loses water only very slowly at no®, and 
slowly at 150-160®. Such an explanation would account for the results 
obtained by Graebe. It is interesting to note that this yellow hydrate 
3delds the colorless lactoid form of tetrachlorofluorescein when dehydrated 
at ordinary temperatures over phosphorus pentoxide, while at no® it 
gives the deep red modification. 
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When prepared from the yellow hydrate as described on p. 690 the 
carbinol acid is colorless. This change must be accompanied by a mol^- 
ular rearrangement and may be represented as follows: 




Tetrachlorofluorescein hydrate Tetrachlorofluoresceincarbinol- 
(colored). carboxylic acid (colorless). 

When this carbinol acid is dissolved in sodium hydroxide, the sodium 
salt of tetrachlorofluorescein is formed, and when the solution is acidified 
the yellow hydrate is precipitated. It is thus possible to reverse the 
above process, and convert the carbinol acid back into the yellow hydrate. 
When heated to 180® for an hour it is converted entirely into the dark 
red anhydrous tetrachlorofluorescein, and this change also takes place 
when the substance is boiled for some time with water. 

From the fact that the carbinol acid loses almost exactly one and one- 
half molecules of water when heated to 180®, and loses no weight when 
kept for a long time in an evacuated desiccator over phosphorus pent- 
oxide, it must be represented by the formula C^oHioCUOe + 0.5H2O. 
The acid, therefore, crystallizes with half a molecule of water, and the 
structural formula is probably 



When the hydrate is dissolved in dry acetone and some of the solvent 
distilled off, a white compound separates. This substance contains both 
acetone and water, but the percentage of acetone is less than and the 
percentage of loss greater than that calculated for either of the two possible 
chemical individuals containing both water and acetone—an acetonate 
of the hydrate (Formula I) or an acetonate of the carbinol acid (Formula 

II). 
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HO| 






lOH 


C(CH,), 


\c<\/ 

I ^OH 

;ci cii^ci 

Cl a 

Acetcmjtt of the hydrate. Acetonate of the carbinol acid. 

(I) (11) 

It therefore seems probable that this white substance is a mixture of 
the diacetonate^ of tetrachlorofluorescein (Formula III) and the hydrate, 
or a mixture of the diacetonate and the carbinol acid. The fact that this 
substance is .so nearly white, and that it has to be heated for a long time 
at 150° before it ceases to lose weight, leads to tlie belief that it is a mixture 
of the diacetonate and the carbinol acid. It will be remembered that the 
carbinol acid is obtained from the alcoholic solution of the yellow hydrate 
in a similar manner (see p. 690). 



(HI) 

When the yellow hydrate is disvsolved in dry ether, and the excess of the 
solvent distilled off below 20®, under reduced pressure, the white tetra¬ 
chlorofluorescein etherate crystallizes out. Since this compound is color¬ 
less and loses all of its ether readily at 100®, to give the colorless anhydrous 
tetrachlorofluorescein, it probably has the lactoid structure and may be 
represented by the following formula: 

IXXf 

T\o ^ 

Ci/Nc/i/C,H, 

a 

Tetrachlorofluorescein etherate (colorless). 

• Am. Chem. 46, 13 (1911). 
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That the ether is attached to the carbonyl group of the phthalic add 
residue and not to the quinoid grouping seems very likdy since the com¬ 
pound loses no water, although made from the hydrate, and since, on 
treatment with water, the yellow hydrate results. This assumption seems 
all the more probable since the colorless etherate loses all of its ether in a 
current of dry air at room temperatures, and the colorless anhydrous tetra- 
chlorofluorescein remains. If this compound had the structure, 


HOt 


.O 


\ 


,0 



K 


CjHfi 

C2H* 


the dark red anhydrous tetrachlorofluorescein would probably result 
upon the loss of ether. 

The compound of tetrachlorofluorescein with ethyl acetate, which is 
made in a manner similar to the preparation of the etherate, is also color¬ 
less. When first prepared the dry substance contains two molecules of 
ethyl acetate, and no water. When this compound is allowed to stand 
for some time in a stoppered bottle, one molecule of ethyl acetate is lost. 
The remaining molecule of ethyl acetate is driven off when the compound 
is heated in a current of dry air to a temperatme of 130®, and the lactoid 
form of anhydrous tetrachlorofluorescein results. At no time during the 
loss of ethyl acetate does the substance become colored. In order to 
account"for these facts the following structural formula is suggested: 

tx^xr 



Cl 


Compound of tetradilorofluorescein with ethyl acetate. 


Both the ethyl acetate molecules are represented as attached to the 
phthalic add residue, because of the fact stated above, that the com* 
pound loses one molecule of ethyl acetate very readily and does not be¬ 
come colored. The products formed by the loss of ethyl acetate may be 
represented by the following structural formulas: 
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A different condition obtains in the case of the diacetonate of tctrachloro- 
gahein^ where one of the acetone molecules is represented as attached 
to the quinoid grouping. This structure is given the compound because 
of the fact that a colored monacetonate is formed by the loss of one mole¬ 
cule of acetone. 

Thai tetrachlorofluorescein contains two phenolic hydroxyl groups is 
shown by the fact that it forms a colorless diacetate and a colorless di¬ 
benzoate. Since both of tliese compounds are white and are insoluble 
in alkalies, they probably have tlie lactoid structure and may be rep¬ 
resented by the formula in which Ac represents an acetyl or a benzoyl 
group: 


Tetrachlorofluorescein diacetate and dibenzoate. 

The colorless monobenzoate of tetrachlorofluorescein dissolves in 
dilute solutions of the alkalies and alkaline carbonates with a yellow color 
and a greenish fluorescence. When the colorless monobenzoate is heated 
to a temperature of 150® for some time it becomes yellow without loss of 
weight. This change in color is probably accompanied by a change of 
structure. The colorless compound is therefore represented by tlie 
lactoid Formula I, while the colored modification and its sodium salt must 
have the quinoid structure as shown by Formtila II. 

It is interesting to note that while fluorescein gives a dtbenzoate by the 
Baumann-Schotten reaction, tetrachlorofluorescein gives only a mono- 
benzoate. This is another indication of the fact that tetrachloro¬ 
fluorescein is more acid than fluorescem (see p. 719). 

The acetate of the monobenzoate (see p. 693) also shows the presence 
* Am Ckem. J , 46, 10 (1911). 
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I. Tetrachlorofluorescein 
monobenzoate 
(colorless). 



CeCUCOOH or Na 


II. Tetrachlorofluorescein mono- 
benzoate and its sodium salt 
(colored). 


of two phenolic hydroxyl groups in tetrachlorofluorescein and as the 
compound is colorless and insoluble in alkalies it must have the lactoid 
structure and be represented by a formula similar to that on p. 715. 

The dipotassium, disodium, and diammonium salts of tetrachloro¬ 
fluorescein, because of their color, are considered to be derivatives of the 
quinoid form of tetrachlorofluorescein, and may be represented by the 
following general formula, where M represents the metal or the NH4 
group: 



Di-metallic salts of tetrachlorofluorescein. 

I 

The colored monopotassium and monosodium salts and the red methyl 
ester are also derivatives of the quinoid form and may be represented by 
the general formula, where M represents the metal or the CH3 group: 




CeCUCOOM 

Mono-metallic salts and esters of tetrachlorofluorescein. 


When dry ammonia acts upon the red anhydrous form of tetrachloro¬ 
fluorescein, a diammonium salt is formed, which must be represented by 
the formula previously given for the di-metallic salts. When, however, 
the colorless anhydrous tetrachlorofluorescein is placed in a current of 
dry ammonia, an equivalent of three molecules of ammonia is absorbed, 
and a colored triammonia salt results. The diammonium salt loses all 
of its ammonia when heated to a temperature of 150®, and the dark red, 
anhychrous tetrachlorofluorescein remains, but when the colored tri¬ 
ammonia salt is heated to the same temperature, all of the ammonia 
is lost and the colorless anhydrous tetrachlorofluorescein is obtained. 



TETRACHLOROJPLUORKSCEIN AND SOMR OF ITS DERIVATIVES. 717 


The formation of the triammonia salt may be represented in either of the 
following ways: 

First method: 



Tetrachlorofluorescein (colorless). 


NH. 



Ovy^OH 

I^NH, 

<!:,cucooh 


+ NH, 


CtCUCOOKHi 


Triammonia salt of tetrachlorofluorescein. 

(T) 


Second method: 



+ 3NH, 



Tetrachlorofluorescein (colorless). 



Triammonia salt of tetrachlorofluorescein. 

( 11 ) 

The second method of formation is more in accord with the action of 
ammonia on certain lactones. Neugebauer^ has found that the lactone 
* Ann., 227, 103 (1885); also 256, 147 (1889). 
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of Y-4iydroxyvaleric add is converted into the amide according to the 
follovnng reaction: 


CH. 
CH,—1:h. 


CH. 


CHr-CO 


yo + NH, 


CH, 


[f— c!h- 


—OH 


CHr-CO—NHj 


The second method of formation also seems the more probable from the 
fact that a triammonia salt having a structure represented by Formula II 
oould lose three molecules of ammonia and form the lactoid modification 
of tetrachlorofluorescein—the steps of the formation being reversed. 
While a triammonia salt having a structure represented by Formula I 
would, upon the loss of one molecule of ammonia, probably be converted 
into the red diammonium salt of tetrachlorofluorescein. This diammonium 
salt would, as already shown, lose all of its ammonia upon heating and 
be converted into the red anhydrous tetrachlorofluorescein. This trans¬ 
formation may be represented as follows: 


yv /Ok a \ / O 




r- 


.NHa 




I 


C 6 CI 4 COONH 4 

Triammotiia salt of Tetrachloro- 
fluorescein. (I) 


NH4< 




UX 


+ NH, 

I 

C,C1,C00NH4 


Diammonium salt of 
T etrachlorofluorescem 



-f 2NH, 


C.CI 4 COOH 

Tetrachlorofluorescein (colored). 


This theory is further confirmed by the behavior of tetrachloro- 
fluoresceincarbinolcarboxylic acid toward dry ammonia. This compound 
takes up an equivalent of three molecules of ammonia without loss of 
water, and when the salt thus formed is heated both water and amruonia 
are given off, and the red anliydrous tetrachlorofluorescein is obtained. 
These changes may be represented as follows: 



Tetrachlotofluoresoeincarbinolcarboxylfc add. 
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I 

C*Cl4COONH4 


Triammonium salt of 
tetrachlorofluorescein 
(colored). 



C6CI4COONH4 
Diammonium salt of 
tetrachlorofluorescein 
(colored) 


\/\q/\/ ^ 2NH, 


C,Cl4COOH 


Tetrachlorofluorescein (coloi ed) 


The yellow hydrate when placed in dry ammonia also absorbs three 
molecules of ammonia without the loss of water. When this salt is heated 
both ammonia and water are lost, and the red anhydrous tetrachloro¬ 
fluorescein is formed. These steps in the formation of this triammonium 
salt and its transformation when heated may be represented as follows* 



Tetrachlorofluorescein 

hydrate 


O 

/ \ 


3 N 


NII^Op 
fH, =■ ^ C ^ 


O 


I 


= HiO + NH, 4 - 


I ONH, 
Cl/\c -ONH, 

Cli^Cl 

Cl 


Tnammoniuin ball ot 
tetrachlorofluorescein 




” u U 


CIC14COONH4 


Diammonium salt of 
tetrachlorofluorescein 



T e trachlorofluorescein 
(colored) 


The behavior of this hydrate toward ammonia shows that the introduc¬ 
tion of the four chlorine atoms into the phthalic acid residue of fluorescein 
increases its acid and decreases its basic properties. This is also shown 
by the fact that tetrachlorofluorescein is unchanged by boiling with 
concentrated hydrochloric acid, while fluorescein is converted into the 
hydrochloride by this treatment. When placed in dry hydrochloric acid 
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gas, fluorescein also absorbs one molecule of h3^drochloric acid and is con¬ 
verted into the hydrochloride (see p. 701), while neither the quinoid nor 
the lactoid form of tetrachlorofluorescein will absorb hydrochloric acid 
under these conditions. The hydrochloride of fluorescein may be re¬ 
garded as either a carbonium or oxonium salt (Formulas I and II). 


■tOF 


C.H4COOH 



H 

Cl 


I. Carbonium salt. 


11 . Oxonium salt. 


Fluorescein hydrochloride. 


The methyl ester of tetrachlorofluorescein, like the esters of tetra- 
chlorogallein,^ dissolves in hydrochloric acid (sp. gr. i.io) with the forma¬ 
tion of a hydrochloride. When this ester is treated with dry hydrochloric 
acid gas an equivalent of almost two molecules is absorbed. This di¬ 
hydrochloride may be regarded as a carbonium or an oxonium salt as 
shown in Formulas I and II. 




» 



Yr'^la 


CeCUCOOCH* 


CeCUCOOCH, 


I. Carbonium salt. 


II. Oxonium salt. 


Tetrachlorofluorescein methyl ester dihydrochloride. 

Such a compound would lose one molecule of hydrochloric acid quite 
readily to form the monohydrochloride as shown above (see p. 700). 

Tetrachloroeosin is similar, in many respects, to eosin. It forms two 
classes of derivatives, one colored, the other colorless. The colored 
compounds are regarded as derived from the quinoid form I, while the 
colorless compound must have the lactoid structure and be derivatives 
of the lactoid form II. 


Br Q Br ^ 






Br 


CeChCOOH 
I. Quinoid form 
(colored). 

Tetrachloroeosin. 
* Am, Chem, J., 42, 258 (1909). 



(colorless). 
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As examples of the first class there have been prepared, tetrachloro- 
eosin hydrate (pink), and the dipotassium salt of tetrachloroeosin (dark 
red). The white diacetate and the.compound with acetic acid are ex¬ 
amples of the colorless lactoid derivatives of tetrachloroeosin. 

When tetrachloroeosin is crystallized from glacial acetic acid a com¬ 
pound of tetrachloroeosin with acetic acid is formed. Since this sub¬ 
stance is colorless and loses one molecule of acetic acid when heated, and 
gives the colorless tetrachloroeosin, it may be represented by the lactoid 
formula, 



Compound of tetrachloroeosin with acclic acid. 

It is interesting to note the effect of the introduction of substituents 
into the benzene nuclei of fluorescein upon the relative stability of the 
two possible forms of the free phthalein. Fluorescein in the free state 
exists only in the colored quinoid form. No colorless free fluorescein 
has ever been prepared. Tetrachlorofluorescein, on the other hand, has 
been obtained in two modifications, colored and colorless, but the colored 
form is the more stable. Eosin in the free state is flesh-colored, and may 
be a mixture of the two forms, while the free tetrachloroeosin is colorless, 
or only very slightly colored. The colored modification has not yet been 
prepared.^ 

Tetrachloroeosin, like tetrachlorofluorescein, does not absorb hydro¬ 
chloric acid gas, nor is it changed by boiling with concentrated hydro¬ 
chloric acid. That it is a much stronger acid than tetrachlorofluorescein 
is shown by its conduct toward ammonia. When placed in dry ammonia, 
the colorless tetrachloroeosin absorbs an equivalent of five molecules of 
ammonia, while the colorless tetrachlorofluorescein absorbs only three. 
When the red salt formed by the action of ammonia upon tetrachloro¬ 
eosin is heated to i^o®, all of the ammonia is lost and the colorless tetra¬ 
chloroeosin remains. The formation of this compound from the white 
tetrachloroeosin and its transformation back into the white tetrachloro¬ 
eosin may be represented as follows: 

^ The dark-red solution of tetrachloroeosin in nitrobenzene may contain the 
quinoid modification. 
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Cl Cl 


T etr achloroeosin 
(colorless). 



Cl 


That the ammoma does not add to the pyrone oxygen to form a salt 
analogous to the tetrapotassium salt is shown by the fact that this 
ammonium salt dissolves in water with the pink color and greeni^ 
fluorescence so characteristic of tetrachloroeosin. The pink compound 
which precipitates when the aqueous solution of the hlu£ tetrapotassium 
salt is acidified, dissolves in ammonia with a blue color and no fluorescence. 

The increased acidity of tetrachloroeosin over tetrachlorofluorescein 
is also shown by the indications of the formation of a tetrapotassium salt 
when tetrachloroeosin is treated with a strong solution of potassium 
hydroxide (see p. 704). This salt would probably have the structure, 



I 

CfChCOOK 


Tetrapotassium salt of tetrachloroeosia. 
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The pink compound formed when this strong alkaline solution is poured 
into an excess of acid would probably contain three phenolic hydroxyl 
groups and be represented by the formula: 



Cl 


This is a tetrabromo derivative of the true resorcinoltetrachlorophthalein 
hydrate. 

That tetrachlorocosin is a stronger acid than tetrachlorofluorescein 
is also shown by the fact, stated on p. 706, that some of the disodium salt 
is always formed when tetrachloroeosin is treated with an alcoholic solu¬ 
tion of sodium acetate. When tetrachlorofluorescein is treated with this 
reagent only the monosodium salt results. 

The two isomers of tetrachlorofluorescein, Formulas I and II, have not 
yet been isolated. The very dark red material which was obtained from 
the crude product, and which dissolves in alkalies with a deep red color 
and an intense greenish fluorescence (see p. 686) may be a mixture of both 
rf these isomers. 




HO 




CeChCOOH 

( 1 ) 



Isomeric tetrachlorofluorescems 


The absorption spectra of solutions of fluorescein, tetracliloro- 
fluorescein, eosin, and tetrachloroeosin show in a marked degree the in¬ 
fluence of the introduction of halogen substituents into the benzene 
nuclei of fluorescein. It will be noted that, in passing from fluorescein 
to tetrachloroeosin in the order named above, the absorption bands are 
gradually shifted towards the red end of the spectrum, and that this 
shifting is approximately proportional to the number of halogen atoms 
introduced rather than to the increase in the molecular weight of the 
compounds. For example, the absorption bands of tetrachlorofluorescein 
and eosin are practically identical while the molecular weights of these 
substances are 470 and 648, respectively. 
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The wave lengths of the crests of the fluorescence bands show a very 
interesting relation to the number and atomic weights of the halogens 
introduced. The introduction of four chlorine atoms into one benzene 
ring increases the wave length approximately the same amount as when 
four bromine atoms are introduced into two benzene rings. It is interest¬ 
ing to note that these increases in wave lengths are almost exactly in the 
ratio 4 Cl : 2 Br. For example, the difference between the wave length 
of the band for fluorescein and that for tetrachlorofluorescein is 24, and 
the difference for fluorescein and eosin is 28. This ratio, 24 : 28, or 
6 : 7, is very nearly the same as that of 4 Cl : 2 Br, which is 6 : 6.76. 

These results seem to confirm the theory that the seat of the fluorescence 
lies in the benzene ring, and that the introduction of substituents and the 
position these occupy in the molecule, brings the fluorescence within the 
visible part of the spectrum. The fact noted by Professors Nichols and 
Merritt that the more intense absorption band in the case of tetrachloro¬ 
fluorescein, eosin and tetrachloroeosin is double would also seem to show 
that the absorption was due to the condition existing in the benzene ring 
for there are three absorption bands and three benzene rings. 

Summary. 

The results of this investigation may briefly be stated as follows: 

1. Tetrachlorofluorescein has been prepared in two modifications, a 
colored quinoid, and a colorless lactoid form. 

2. A colorless diacetate, a colorless dibenzoate, a colorless monobenzoate 
of tetrachlorofluorescein and a colorless acetate of this benzoate and 
colorless compounds of tetrachlorofluorescein with ether and witli ethyl 
acetate have been prepared. These are all derivatives of the lactoid 
form of tetrachlorofluorescein. 

3. The dipotassium, disodium, diammonium, monopotassium and 
monosodium salts, the hydrate and the methyl ester of tetrachloro¬ 
fluorescein have been prepared. All of these compounds are colored and 
are therefore derivatives of the quinoid form of tetrachlorofluorescein. 

4. A colorless carbinol carboxylic acid of tetrachlorofluorescein has 
been prepared. This substance is isomeric with the yellow hydrate, but 
forms the same colored salts with alkalies, and the same colorless diacetate 
as is obtained from this hydrate and from the anhydrous modifications 
of tetrachlorofluorescein. 

5. The introduction of the four chlorine atoms into the fluorescein 
molecule increases its acid and decreases its basic properties. This is 
shown by the conduct of tetrachlorofluorescein toward hydrochloric acid 
and toward gaseous ammonia, as compared with that of fluorescein it¬ 
self. 

6. Tetrachloroeosin, which is the tetrabromo derivative of tetrachloro¬ 
fluorescein, its compound with acetic acid, and its diacetate have been 
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made. These are all colorless compounds and therefore have the lactoid 
structure. Tetrachloroeosin itself has only been obtained in the colorless 
lactoid modification. 

7. As examples of the derivatives of the colored quinoid form of tetra¬ 
chloroeosin, the hydrate and the dipotassium salt have been prepared. 

8. The introduction of four bromine atoms into the molecule of tetra- 
chlorofluorescein increases the acidity of the compound, as is shown by 
the behavior of tetrachloroeosin toward gaseous ammonia and toward 
strong solutions of the alkalies. 

9. Indications of the existence of the two possible isomeric tetrachloro- 
fluoresceins have been obtained. 

10. The absorption and fluorescence spectra of solutions of fluorescein 
tetrachlorofluorescein, eosin, and tetrachloroeosin have been studied. 
The theory of Stark and Meyer and of Kauffmann tliat tlie benzene 
nucleus is the seat of fluorescence, is apparently confirmed. 

Ithaca, N. Y. 


[Contribution from thb Chemical Laboratory of the University of 

Cincinnati. ) 

OXIMIDOCARBONIC ESTERS AND RELATED COMPOUNDS. 

By LAiroSR William Jonks and Ralph E. Osspsr. 

Received February 20, 1914. 

The experiments described in this paper were begun several years ago, 
but were interrupted before any definite conclusions were arrived at. 
Some time ago, the work was resumed; and, in view of the fact that, re¬ 
cently, Houben and Schmidt' have published an account pf experiments 
in which they have duplicated some of our unpublished results, it seemed 
desirable that a preliminary announcement of our experiments should ap¬ 
pear at this time. 

The oximidocarboiiic esters, i. c., compounds of the formula RO—C—OR, 

11 

NOH 

may be of two types: simple esters in which the two radicals are alike; 
and mixed esters in which they are different. The latter type is especially 
interesting, since it offers the possibility pf obtaining geometrical stereo¬ 
isomers in syn- and -modifications. This work was undertaken in 
the hope of isolating these stereoisomers, and, also, with the intention of 
investigating their behavior when they are subjected to the action of re¬ 
agents which bring about the Beckmann rearrangement of oximes, etc. 

We found that the preparation of the simple oximido esters offered no 
special difiiculties, since they could be obtained from imidocarbonic esters 
by the action of hydroxylammonium chloride. 

‘ Houben and Schmidt, Ber., 46, 2458 (1913)- 
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RO—C—OR + NH,(OH)Cl * RO—C—OR -f NH4CI. 
11 ti 

NH NOH 


By this method Houben and Schmidt have recently prepared the diethyl 
and the dimethyl derivatives. The simple imidocarbonic esters are ob¬ 
tained by the action of bromocyanogen on a mixture of an alcohol and its 
sodium alcoholate. This reaction may be represented by the following 
equations: 

(I) BrCN + ROH = Br—C » NH 

1 

RO 


( 11 ) 



NH 4 - NaORi - 



« NH + NaBr 


In this way Nef^ prepared the diethyl and diphenyl esters, and Hantzsch* 
the di-^-bromophenyl ester. When sodium phenolate was allowed to re¬ 
act with bromocyanogen in the presence of ethyl alcohol, Nef® observed 
that the ethylphenyl ester, as well as the diphenyl derivative, resulted. 
This is obvious, since any alcohol may take part in the second stage of 
the process represented above. At first glance this would seem to afford 
a method of preparing the mixed imidocarbonic esters, but a mixture of 
two, and possibly three, substances might result, and their separation 
would be practically impossible, since these compounds cannot be dis¬ 
tilled without considerable decomposition. 

It seemed probable that the mixed oximido esters might be prepared 
by the following method: The salts of the acyl derivatives of hydroxyur- 
ethane,^ when treated with alkyl halides, might be expected to give acylated 
oximidocarbonic esters: 

MO~C—OC2H5 R(>--C-~OC2Hs 

11 4 -Ri - !i + MI 

NOC-~C«Ha NOC—CeHi 

il II 

o o 

On careful hydrolysis with alkalies, the acyl radical might be eliminated: 

RO-C--OC2H8 RO—C—OC2H5 

II -f KOH - II -f* C.H*—COOK 

NOC—QHs NOH 


O 

However, the acylated derivative of hydroxyurethane may exist in two 
possible tautomeric forms: 

1 Nef, Ann,, 287, 313# 3^9 
* Hantzsch and Mai, Ber., 28, 2469 (1895). 

® Nef, Loc. cit., 321. 

^ Jones, Am, Chem. 20, 49 (1898). 
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(I) 


HO—C—OCjHs 

II 

NOC—C,H, 


(H) 


O = C—OCsH, 

I 

H—NOC—CjH, 


O O 

If the silver salts correspond to Formula (I), then the reaction outlined 
above would lead to the desired compounds; but if they react according 
to t3rpe (II) isomeric derivatives, O = C — OC2Hj, would be obtained. 

I 

R —NOH 

When such possibilities exist, the silver salt usually gives compounds in 
which the alkyl group is bound chiefly to oxygen, while the sodium salt 
leads to the corresponding nitrogen derivative. In the cases investigated 
so far, viz., those in which the ethyl group or the isoamyl group was in¬ 
troduced, we have found that the silver salts gave rise to nitrogen esters; 
the resulting compoimds, when hydrolyzed with hydrochloric acid, yielded 
/S*substituted hydroxylamines, which proved that the alkyl group was 
bound to nitrogen. Under the same treatment, the isomeric oxygen de¬ 
rivatives would have yielded hydroxylamine itself. Furthermore, com¬ 
pounds of the form RO — C — OR have been prepared, and were found 


v 


NO- 


R 


O 


to be crystalline solids, while the nitrogen alkyl derivatives obtained 
by us were oils, which did not solidify even when cooled to —20®. 
It is possible that moist silver oxide may form silver salts with the “metal 
bound to oxygen," just as Tafel and Enoch* have assumed to be the case 
for amides; or that some of the other compounds of the type^ 
HO — C — OR, may give the desired mixed oximido esters. Then again, 

II /O 

NOC—R 

it may be that the oxygen esters actually were formed first, and that the 
conditions of our experiments have not been chosen properly to prevent 
their rearrangement to N-esters, in much the same way that imido esters^ 
have been formed to rearrange to give alkyl amides. After these com¬ 
pounds have been investigated more fully, our results will be presented in 
a later article. 

When the sodium salt of the benzoyl ester of hydroxyurethane was al¬ 
lowed to react with ethyl iodide in the presence of alcohol, a liquid was 
obtained which boiled constantly within one degree. But the figures of 

* Tafel and Enoch, Ber., 23, 104 (1890); Meyer and Jacob‘^on, Lehrbuch, Vol. I, 
p. 615. 

^ Comstock and Wheeler, Am, Cheni. 13, 522 (1891); Wheeler, 21, 1865 (1899); 
23, 240 (1901). 
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the analysis did not agree with the values calculated for the ethyl deriva¬ 
tive; and, on investigation, the liquid was found to be a mixture of <7-ethyl 
hydroxyurethane and benzoic ethyl ester. During the process, alcoholysis 
had taken place to give the sodium salt of hydrox3rurethane and benzoic 
ethyl ester, and the reaction had proceeded as follows:^ 

(I) O « C—OC2H6 O « C—OCaHfi 

I -h CjHfiONa I -h CbH*C—OC jH* 

HN—OC—CoHb HN--ONa || 

II O 

o 


(II) O « C—OC2H6 

I 4" CgHsI 

HN—ONa 


O « C— 0 C*H 5 

I + Nal. 

HN—OC2H8 


The action of the alcohol-free salt will be studied later. However, 
since the silver salts gave nitrogen alkyl derivatives, the sodium salts 
will probably do the same, so that this method, in its present form at 
least, does not seem to be practicable for the preparation of the oximido- 
carbonic esters. 

A reaction described by Nef® offered a method for the preparation of 
the mixed imidocarbonic esters. By the action of sodium ethylate cm 
cyanimidocarbonic ethyl ester, he obtained imidocarbonic ethyl ester. 

CaHeO—C—CN -f NaOC2H6 - CsHbO—C—OC 2H, -f NaNC 

II II 

NH NH 


By using other alcoholates in place of sodium ethylate, the desired imido 
compounds may be obtained, which, on treatment with hydroxylammonium 
chloride, would give the mixed oximidocarbonic esters. 

Thus: 

C 2 H 6 O— C—CN 4 * NaOR = CaH^O—C— OR 4 - NaNC 

II II 

NH NH 

CaHfiO—C—OR CjHbO—C—OR 

II 4 - NH 5 ( 0 H)C 1 = II 4 - NH 4 CI 

NH NOH 

Experimental Part 

Derivatives of Hydroxyurethane, 

O « C—OCaH* 

II 

The Silver Salt of the Benzoyl Ester of Hydroxyurethane, Ag—N—OC—CeHs.— 

O 

Seven and four-tenths grams of sodium hydroxide were mixed with 37 g. of 
the benzoyl ester of hydroxyurethane dissolved in alcohol, and 30 g. of 
silver nitrate dissolved in water were added. The heavy, yellow precipi- 
^ Compare Titherly, J. Chem. Soc„ 79, 392 (1901). 

* Nef, Loc, cit., p. 286. 
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tate was separated by filtration, washed with a small amount of water, 
and then with alcohol. It was dried on a clay plate placed in an amber 
desiccator. The salt is rather sensitive to light and is best prepared in 
the dark. 

Preparation of the N-Ethyl Derivative of the Benzoyl Ester of Hydroxyure- 
O = C—OC2H, 

1^ 

thanei CaHeN—OC—C6H6.—Twenty-seven grams of ethyl iodide were added 
O 

to 50 g. of the silver salt suspended in ether, and the mixture was 
allowed to stand in the dark for two weeks. At the end of this time the 
bright yellow color of the silver salt had disappeared. The silver iodide 
was separated by filtration and washed with ether. After shaking the 
ether solution with a solution of sodium tliiosulfate to remove the small 
quantity of iodine that had separated, it was dried with fused sodium sul¬ 
fate and freed from ether by distillation. The light yellow oil which re¬ 
mained was fractionated in vacuo. After three fractionations, 10 g. 
were obtained which boiled with slight decomposition between 188-190®, 
under a pressure of 25 mm. 

0.1526 g. gave 8.64 cc. N2 at 29® and 743 mm. 

Calc, for C12H16O4N: N, 5,90. Found, N, 6.09. 

The substance was an oil with a spicy odor. It was nearly insoluble 
in water, but soluble in most organic solvents. 

Hydrolysis of the Ethyl Derivative by Hydrochloric Acid, —Three and 
seven-tenths grams of the oil were heated with 10 cc. of concentrated hydro¬ 
chloric acid in a sealed tube for six hours at 105®. When the tube was 
opened, carbon dioxide and ethyl chloride escaped. The contents of the 
tube were extracted with ether, and i. 4 g. (calculated 1.5 g.) of benzoic 
acid were obtained when tlie etlier was evaporated. The water solution 
was concentrated over a water bath until a thick yellow oil remained which 
would not solidify even at —10®. It was identified as /SJ-ethyl hydroxyl- 
ammonium chloride by condensing it with para-nitrobenzaldehyde. The 
condensation product melted at 123®, which agrees with the value given 
by Hantzsch^ for N-ethyl-/?-nitroisobenzaldoxime, 

H 


(N 0 ,)C«H 4 —C—NCaHfr 

V 

0 

Therefore, the ethyl group was bound to nitrogen, sinc^ hydroxylamine 
would have been produced by the hydrolysis of the ethoxy derivative. 
The hydrolysis may be represented as follows: 

* Hantzsch and Hillard, Ber., 31, 2066 (1898). 
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O « C—OCaHft 

I 4- H.0 + aHQ « 

C1H5—NOC~-C«H, 

II 

0 CO. 4 CiHfiCl 4 C6H6COOH -f QHs—NHs(0H)a 

The Action of Ethyl Iodide on the Sodium Salt of the Benzoyl Ester of 
Hydroxy^urethane. —^To a solution of 35 g. of benzoyl ester of hydroxyur- 
ethane in alcohol, 3.8 g. of sodium, dissolved in alcohol, and 26 g, 
ethyl iodide were added. After two weeks the alcohol was removed by 
distillation and the mixture of oil and crystals which remained was ex¬ 
tracted with ether. After washing the ether with water, it was dried with 
sodium sulfate and distilled. A colorless oil was obtained which was frac^ 
tionated in vacuo ^ 24 g. of a clear colorless liquid, boiling at 108-109® at 
25 mm., resulting. 

The figures which the analysis of the oil gave did not agree with the 
values calculated for the ethyl derivative; and, on a further investigation, 
it was found that the oil consisted of a neutral and an acid portion. It 
was dissolved in ether and shaken with a solution of sodium hydroxide. 
The neutral portion was found to be ethyl benzoate, boiling at 2i3®. 
The alkaline solution was acidified and extracted with ether. A clear, 
colorless liquid was obtained which boiled between 96-7 ® at 17 mm. When 
treated with phosphorus pentachloride and then with water and alkalies, 
it gave a base whose chloride melted at 127®. This chloride formed a 
chloroplatinate which melted with decomposition between 174-176®. 

0.096 g. gave 0.0352 g, Pt. 

Calc, for (C2H50NHs),PtCl6: Pt, 36.65. Found: Pt, 36.66. 

These results showed that the compounds under consideration were 
derivatives of a-ethylhydroxylamine. 

The acid portion was therefore (?-ethyl hydroxyurethane. It was found 
to be identical with the ethyl derivative described by Jones. ^ The origin 
of these products was explained above. 

Preparation of N-Isoamyl Derivative of the Benzoyl Ester of Hydroxyure^ 
O - C—OQHs 


thane, CftHu—N—O—C — C«Hi. —Eleven and nine-tenths grams of isoamyl 

O 

iodide were added to 19 g. of the silver salt of the benzoyl ester of 
hydroxyurethane suspended in ether. After two weeks the silver iodide 
was removed and the product was treated in the manner described under 
the ethyl derivative. After three fractionations, 16 g. of a yellow oil, 
boiling, with slight decomposition, between 203-205® at 30 mm*, were ob¬ 
tained. 

^ Jones, Loc, at,, p. 46. 
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3 ^^ 0.1562 g. gave 7.9 cc. N2 at 31® and 745 mm. Calc, for CwHaiOiN: N, 
5fcOi. Found: N, 5.10. 

iThe substance resembled the ethyl derivative described above in all 
its properties. 

The Hydrolysis of the N-Isoamyl Derivative with Hydrochloric Acid. 
-•-Three grams of the oil were heated with 10 cc. of concentrated hydro- 
<ihloric acid in a sealed tube for three hours at 110°. Carbon dioxide and 
ethyl chloride escaped on opening the tube. One and two-tenths grams of 
benzoic acid (calculated 1.3 g.) were extracted with ether and the water 
gave brownish crystals when evaporated. These crystals were dissolved 
in alcohol and a turbid suspension was produced by the addition of ether. 
An alcoholic solution of platinic chloride precipitated a yellow solid sub¬ 
stance, which was analyzed. 

0.0960 g. gave 0.0310 g. of Pt. Calc, for (C5HnNPl20H)2PtCl6: Pt, 
31.63. Found: Pt, 32.29. 

In this case, also, the alkyl group was bound to nitrogen. 

Derivatives of Oximidocarbonic Esters. 

Preparation of the Benzoyl Ester of Oximidocarbonic Ethyl Ester, 

II 

N—0-—C—CcHi,—Tliree and one-tenth grams of sodium bicarbon- 

II 

o 

ate were added to 5 g. of oximidocarbonic ethyl ester^ dissolved in 10 g. of 
water. Five and one-tenth grams of benzoyl chloride were added in 
small portions, the flask being cooled with running water. A colorless oil 
separated which soon solidified to a mass of white crystals. These were 
collected on a filter, dried, and recrystallized from chloroform and ligroin. 
They formed fine needles which melted at 148®. 

0.2716 g. gave 14.9 cc. N2 at 29® and 745 mm. Calc, for CwHwOiN: 
5 90. Found: N, 3.91. 

The compound was soluble in benzene, in alcohol and in chloroform, 
not very soluble in ether, and insoluble in ligjroin and in water. Several 
crystals were added to the ethyl derivative obtained from the silver 
salt described above, but the oil showed no tendency to solidify, which 
proved that the latter was not the oxygen ester existing as an under¬ 
cooled liquid. 

Preparation of Imidocarbonic Ethyl Isoamyl Ester, C.H 60 --C-h 3 C 6 Hu.— 

NH 

Five and three-tenths grams of sodium were treated with the equivalent 
quantity (20 g.) of isoamyl alcohol in the presence of ether.^ Twenty- 

* Houben and Schmidt, Loc cit. 

* Brhhl, Ber., 37, 2066 (1904) 
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two and five-tenths grams of (^animidocarbonic ethyl ester, prepardl 
from bromocyanogen, potassium cyanide, and alcohoP were added t# 
the suspended alcoholate. Heat was developed, the solution became 
yellow, and sodium cyanide was precipitated. The reaction mixture was 
heated for two hours in a flask connected with a reflux condenser, and 
enough water was added to dissolve the sodium cyanide. After the water 
solution had been extracted with ether several times, the ether was dried 
with calcium.chloride. Thus, 32 g. of a light yellow oil, possessing a strong 
basic odor, were obtained when the ether was evaporated. Even at a 
pressure of 25 mm. the compound could not be distilled without consid¬ 
erable decomposition. Therefore, no analysis of the substance was at¬ 
tempted. Its identity was established by converting it into the corre¬ 
sponding oximido derivative. 

Preparation of Oximidocarbonic Ethyl Isoamyl Ester, CiH&O — C—OC*Hn.— 

NOH 

Eight and four-tenths grams of hydroxylamine, dissolved in a small 
amount of water, were added to 20 g. of the imido ester dissolved in 20 
cc. of ether. The mixture was shaken thirty minutes, the water layer 
was drawn off, extracted several times with ether, and the ether dried 
with sodium sulfate. Twenty grams of a reddish yellow oil were obtained 
when the ether evaporated. When cooled to —15®, white crystals ap¬ 
peared which melted when they were spread out on a cold clay plate. 

0.1754 g. gave 12.8 cc. N2 at 24.5® and 742 mm. Calc, for CgHnOiNr 
N, 7.99, Found: N, 8.01. 

When freshly prepared, the substance was practically odorless but,, 
on standing, the odor of isoamyl alcohol became apparent. The oil was. 
insoluble in water, but soluble in alkalies, and in most organic solvents. 

Cincinnati, Ohio. 


FRIEDEL AND CRAFTS’ REACTION—THE PREPARATION OF 
ORTHOBENZOYL-BENZOIC ACID AND BENZOPHENONE. 

By C. R. Rubidob and N. C. Qua. 

Received February 20. 1914. 

Orthobenzoyl-benzoic acid had been prepared by several investigators, 
but was first prepared by means of the reaction between phthalic anhy¬ 
dride, benzene and aluminium chloride, by Friedel and Crafts.* Heller* 
showed that the aluminium chloride was not a catalytit agent and that a 
good yield depended on the phthalic anhydride and the aluminium chlor¬ 
ide being used in the proportion of their formula weights(using AlaCU).. 

^ Nef, Loc. cit., p. 293. 

* Ann, chim. phys,, [6] 14, 446 (1888). 

* Z, angetv. Chem., 29, 669 (1906). 
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a later article Heller and Shtilke^ suggested that the reaction might be 
i^resented as taking place in two stages : 

C8H4O8 + CeHe + AhCle —► C8H4O3AI2CI6C6H6 —^ CuHgOsAhCU + HCl, 
the latter compound with hydrochloric acid giving orthobenzoyl-benzoic 
acid, Heller obtained a yield of 93%, or counting in tlie recovered phthalic 
acid 97%, and in two experiments obtained 0.87 mol and 0.93 mol, re¬ 
spectively, of hydrogen chloride for each mol of phthalic anhydride used. 
Heller also states that if one-half the usual amount of aluminium chloride 
is used the yield is reduced to less than one-half. 

The following experiments on the preparation of orthobenzoyl-benzoic 
acid and benzophcnone, using varying quantities of the reagents, were be¬ 
gun by the first named author and finished by the second. 

The aluminium chloride used was Kahlbaum’s ''sublimed'* and had 
been kept in sealed bottles in the laboratory for more than a year; pre¬ 
liminary experiments showed that this gave as good yields as were ob¬ 
tained when tlie aluminium chloride had been freshly sublimed. The 
phthalic anhydride and benzene were obtained from the same firm but it 
was found better to resublime the phthalic anhydride. 

The apparatus consisted of a flask which was connected with a reflux 
cohdenser and had also an inlet for dry air; the condenser was connected 
with a U-tube containing calcium chloride and then with two Liebig bulbs 
containing potassium hydroxide solution. Dry air could thus be drawn 
through the apparatus, and the hydrogen chloride given off determined. 
Five grams of phthalic anhydride and 18^-20 cc. benzene were placed in 
the flask and heated until the anhydride was dissolved, after cooling, 
“9 g. aluminium chloride w^ere added gradually; this was allowed to stand 
at room temperature for one hour, in order that the hydrogen chloride 
ahould not be given off so rapidly as to prevent complete absorption in 
the Liebig bulbs, and then the flask was heated on the water bath and 
kept boiling for two hours. 100 cc. of dilute hydrochloric acid (20 cc. 
<?onc. hydrochloric acid to 80 cc, water) were added to the cooled contents 
of the flask, tlie benzene distilled off with steam, tlie residue cooled to 0°, 
and the orthobenzoyl-benzoic acid filtered off; this w’as washed with cold 
water, redissolved in sodium carbonate and precipitated with hydrochloric 
acid. In this way we obtained a 96-97% yield witli no phthalic acid and 
never more than a trace of diphenylphthadide. 

Wlien less aluminium chloride w^as used both phthalic acid and diphenyl- 
phthalide were obtained. The diphenylphtlialide was separated by its 
insolubility in sodium carbonate solution and the remaining acids were 
•separated by extracting tlie benzoyl-benzoic acid from the phthalic acid 
"by chloroform. Small quantities of the two acids were also recovered 
ftbm the first filtrate containing the aluminium chloride. 

^ Ber., 41, 3627 (1908). 
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In the following table the phthalic acid recovered has been omitttti 
and the hydrogen chloride has been expressed in formula weights par 
formula weight of aluminium chloride used (AhCle): 



Ph. 

Besseoe anhy. 

Al. chi. 

Time 

boiled. 

Benxoyl- 
benz. ac. 

Diphen. 

phth. 

Grams. 

Hydr. 

No. 

Cc. 

Grams. 

Grams. 

Hours. 

Grams. 

chL 

I. 

. 18 

5 

9 

2 

7.36 

None 

1.17 

2. 

. 18 

S 

9 

2 

7.29 

None 

l.lS 

3 .. • 

. 18 

5 

9 

2 

7.39 

None 

1.17 

4 . 

. i8 

5 

4 5 

2 

2 ,03 

0.45 

I .or 

5 . 

. 18 

5 

4 5 

2 

2.01 

0.48 

0.91 

6. 

. 18 

5 

4 5 

2 

2.47 

0.86 

1.09 

7 . 

. 18 

5 

4 5 

0.5 

2.87 

0.17 

0.90 

8. 

. 20 

5 

4-5 

3 5 


1.17 

1.27 

9 . 

. 20 

5 

4 5 

8.5 


1.36 

1.25 

JO . 

. 36 

5 -f 5 

9 

2+2 

5 14 

0.88 

1.20 

11 . 

. 40 

5 + 5 

9 

2+2 

6.72 

0.96 

I .00 

12. 

. 40 

5 + 2 

9 

2+2 

75 * 

0.30 

1.24 

13 . 

. 30 

5 

18 

2 

7 23 

None 


14. 

. 20 

5 4 

5 + 4-5 

2+2 

6.50 

0.65 

1.31 

15 . 

. 20 

5 

2 3 

2 

0.78 

0.6 

X .00 


From Nos. i -3 it will be seen that, using the proportions of the 
agents indicated, the yield of orthobenzoyl-benzoic acid is practiciAy 
constant and the hydrogen chloride given off is nearly i, 2 formula weights 
per formula weight of aluminium chloride used. There is no diphenyl- 
phthalide formed. In Nos. 4-6, using half the amount of aluminittm 
chloride, the yield of orthobenzoyl-benzoic acid is less than one-thitd 
and not so constant and diphenylphthalide is found. Nos. 7-9 show 
that longer boiling materially increases the yield of diphenylphthalide. 
In Nos. 10-12 the usual proportions of the reagents were used and after 
two hours’ boiling, additional phthalic anhydride was added and boilifig 
continued for two hours. It is known from Nos. 1-3 that these prepara¬ 
tions would have )delded no diphenylphtlialide at the end of the first two 
hours’ boiling and would have given a 97% yield of orthobenzoyl-benzoic 
add, so that the diphenylphthalide obtained must have been due to the 
action of the additional phthalic anhydride on the intermediate com¬ 
pound. No. 13 shows that increasing the amount of aluminium chloride 
produces no diphenylphthalide. No. 14 that beginning with a small amount 
of the aluminium chloride and increasing it during the course of the re¬ 
action does not prevent the formation of diphenylphthalide, and in No. 15 
enly one-quarter of the usual amount of aluminium chloride was used 
and the yield of orthobenzoyl-benzoic acid was very small. 

Since the diphenylphthalide is shown to be produced by the action of 
the phthalic anhydride on the intermediate product which would have 
given orthobenzoyl-benzoic add, experiments were made to see whether 
other acid anhydrides would have a similar effect. 
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Expt* i6 ,—^Twenty grams of phthalic anhydride, 8o cc. benzene and i8 
g. aluminium chloride, boiled for two hours, then 13.6 g. succinic anhy¬ 
dride added and boiling continued for two hours, gave ii g. diphenyl- 
phthalide and not more tlian a trace of orthobenzoylbenzoic acid. 

Expt. 17.—Fourteen and eight-tenths grams of phthalic anhydride, 
80 cc. benzene and 13.3 g. aluminium chloride, boiled for two hours, then 
10.2 g. acetic anhydride added and boiling continued for two hours, 
gave 8.8 g. diphenylphthalide and no orthobenzoyl-benzoic acid. 

Von Pechmann* found that in the preparation of orthobenzoyl-benzoic 
acid some diphenylphthalide was found and he also states tliat diphenyl¬ 
phthalide may be prepared from orthobenzoyl-benzoic acid, aluminium 
chloride and benzene, but that a better yield was obtained from the mixed 
anhydride of orthobenzoyl-benzoic and acetic acids. 

Expt. 18 .—Seven and foiu-tenths grams of orthobenzoyl-benzoic acid, 
20 cc. benzene and 9 g. aluminium chloride were boiled for two hours 
and gave o.i g. diphenylphthalide. This experiment may be compared 
with Experiment 13, in which an exc'ess of aluminium chloride was used 
and there must have been present the intermediate compound and alumin¬ 
ium chloride, so that although orthobenzoyl-benzoic acid with aluminium 
chloride will give a small quantity of diphenylplitlialide the intermediate 
compound with aluminium chloride will give none unless an acid anhy¬ 
dride is present. 

Experiments were also made, along the same line, in the preparation 
of benzophenone from benzoyl chloride, benzene and aluminium chloride. 
The benzoyl chloride was dissolved in benzene and powdered aluminium 
chloride added. It is not necessary to add the aluminium chloride grad¬ 
ually when a large excess of benzene is used. The flask was heated very 
gently on the water-bath for 20-30 minutes and when the evolution of 
hydrogen chloride became slower the temperature was raised to boiling. 
Three and one-half hours’ boiling was found to give the maximum yield 
of benzophenone, but the yield of hydrogen chloride was so variable that 
records are not given. The contents of the flask were poured into 200 
cc. of cold water, 10 cc. of cone, hydrochloric acid added and the benzene 
distilled off with steam. The benzophenone was then extracted with 
ether, the benzoic acid extracted from the ethereal solution with 10% 
sodium hydroxide solution and the benzophenone obtained by evapora¬ 
tion of the ether. The benzophenone so obtained was pink in color 
but was not further purified, as distillation would have involved a con¬ 
siderable and variable loss. Small quantities of benzophenone were also 
recovered from the distillate containing the benzene. 

Expt ig (in duplicate).—^Twelve and one-tenth grams of benzoyl chloride, 
* Bfr., 14,1865 (1881}. 
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130 cc. benzene and 12.i g. aluminium diloride gave benzophenone: ia.8 
g.; 12.8 g. 

20 (in duplicate).—Twelve and one-tenth grams of benzoyl chloride, 
130 cc. benzene and 6.06 g. aluminium chloride gave benzophenone: 
5.8 g-; 5-8 g. 

Experiments 19 and 20 show that reducing the aluminium chloride to 
one-half reduces the yield of benzophenone to a little less than one-half. 
No other product was obtained except benzoic acid. 

ExpL 21 (in duplicate).—^Twelve and one-tenth grams of benzoyl chloride, 
130 cc. benzene and 12. i g. aluminium chloride, boiled for three and one- 
half hours, then 8.75 g. phthalyl chloride added and boiling continued 
for three and one-half hours gave benzophenone: n . 2 g.; 12. i g.; and di- 
phenylphthalide: 5.1 g.; 4.8 g. This experiment shows that the addi¬ 
tion of phtlialyl chloride at the end of the preparation for benzophenone 
gave diphenylphthalide, without materially reducing tlie yield of benzo¬ 
phenone. 

Expt. 22 (in duplicate).—Eight and three-quarters grams of phthalyl 
chloride, 130 cc. benzene and 6.5 g. aluminium chloride gave diphenyl¬ 
phthalide: 10.o g.; 10,0 g. 

Expt. 2j .—Eight and three-quarters grams of phthalyl chloride, 130 cc. 
benzene and 6.5 g. aluminium chloride boiled for three and one-half 
hours, then 12. i g. benzoyl chloride added and boiling continued for three 
and one-half hours gave diphenylphthalide (not weighed) but no benzo¬ 
phenone. 

Expt, 24, —^Ten grams of phthalic anhydride, 100 cc. benzene and 12. i g. 
aluminium chloride boiled for two hours, then 14 g. phthalyl chloride added 
and boiling continued for two hours gave diphenylphthalide: 14 g., and no 
orthobenzoyl-benzoic acid. This shows that phthalyl chloride, added 
at the end of the preparation for orthobenzoyl-benzoic acid, acts on the 
intermediate compound in the same way as the acid anhydrides and gives 
a much better yield of diphenylphthalide. 

Expt, 25. —Fourteen grams of phtlialyl chloride, 100 cc. benzene and 12.1 
g. aluminium chloride boiled for two hours, then 10 g. phthalic anhydride 
added and boiling continued for two hours gave diphenylphthalide: 19.6 g. 
In this experiment the addition of phthalic anhydride has somewhat in¬ 
creased the yield of diphenylphthalide (compare Experiment 22). 

Expt, 2d.-” Fourteen and eight-tenths grams of benzoic anhydride, 
150 cc. benzene and 20.5 g. aluminium chloride boiled for two hours gave 
6.3 g. of benzophenone. 

Expt. 27.—Eight and three-tenths grams of phthalic anhydride, 100 cc. 
benzene and 15 g. aluminium chloride boiled for two hours, then 12 7 g, 
benzoic anhydride added and boiling continued for two hours, gave 6 g. 
of benzophenone, and diphenylphthalide and orthobenzoyl-benzoic acid 
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(noUweighed). In this experimtot it is seen that the benzoic anhydride 
has the same effect as the other acid anliydrides but gives a considerable 
yield of benzophenone as well. 

Summary. 

1. Friedel and Crafts* method of preparing orthobenzoyl-benzoic acid, 
as used by Heller, was found to give a 97% yield and nearly i. 2 formula 
weights of hydrogen chloride for each formula weight of aluminium 
chloride used (AI2CI0). 

2. *When less aluminium chloride is used the yield of orthobenzoyl- 
benzoic acid is very much reduced and diphenylphthalide is obtained, 
and this is found to be due to the action of the phthalic anhydride on the 
intermediate compound. 

3. Succinic anhydride, acetic anhydride, benzoic anhydride and phthalyl 
chloride also give diphenylphthalide with this intermediate compound. 

4. In the preparation of benzophenc^ne from benzoyl chloride, ben¬ 
zene and aluminium chloride, reducing tlic amount of aluminium chloride 
reduces the yield almost in the same proportion and the addition of phthalyl 
chloride gives diphenylphthalide, without materially reducing the yield 
of benzophenone. 

5. Benzophenone may l>e obtained from benzoic anhydride, benzene 
and aluminium chloride, but the yield is not good. 

6. In the case of the addition of benzoic anhydride to tlie preparation 
for ortliobenzoyl-benzoic acid, benzophenone is produced in addition to 
diphenylph thalide. 

These experiments were carried out under the direction of F. B. Allan. 

UKtveRSiTv OF Toronto 


SOME PHYSICAL PROPERTIES OF ETHANE, ETHYLENE AND 

ACETYLENE. 

Bv O. Maass and D. McIntosh 
Received February 21, 1914. 

In the course of an investigation on the physical properties of bodies 
at low temperatures, we have found it necessary to measure some of the 
constants of ethane, ethylene and acetylene, wdiich are not given in the 
chemical literature. A comparison of these three bodies, each containing 
two carbon atoms, but with different linkages, is not without interest, 
while a publication of the results may save labor on the part of some chem¬ 
ists, We give them here, therefore, together with a description of the 
methods employed in their determination. 

Bthane ,—^The ethane was made from methyl iodide, by the action of 
the zinc-copper couple. It was washed with alkali, dried by phosphorus 
pentoxide, passed through three spirals cooled to -"78®, twice dis¬ 
tilled, the middle portions being retained, and was finally introduced 
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into the density and vapor pressure bt^bs. In this method of prcfiara- 
tion, the ethane must be repeatedly cooled almost to the point at which 
it condenses, in order to remove the last traces of methyl iodide. 

The vapor pressure and density of the liquid were determined in the 
apparatus shown in Fig. i. B is a constant temperature bath consisting 



of a large Dewar flask containing anhydrous ether. H is the bulb of a 
hydrogen thermometer and D is a calibrated density bulb with a graduated 
stem. The bath is cooled with liquid air which is dropped in small por¬ 
tions into A and is stirred by a stream of dry air from the tube C. S is 
the apparatus for molecular surface energy determinations; it was lised 
only with acetylene. The bath could be maintained constant wfthin 
o.i“. 
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The vapor pressures were determined by the manometer M connected 
with the bulb 29 , which was about Vs filled with liquid. Diuring the den¬ 
sity measurements the bulb was filled to a convenient point on the stem, 

Ethane 



F»6 2. 

the variation in volume noted at various temperatures, and the weight 
found by measuring the gas at a known pressure and temperature in the 
flask G, The volume of G was 
found by weighing it full of 
water, and that of the various 
connecting tubes by exhausting 
the air in them by a Toeplcr 
pump and measuring the volume. 

The apparatus is not drawn to % 
scale. K 

The result of the vapor pres- z 
sure experiments are given in ^ 

Table I and the density deter¬ 
minations in Table II. These 
are shown as curves in Figs. 2 
and 3. The boiling point at nor¬ 
mal pressure is —88.5®, the heat 
of vaporization calculated by the 
Clausius equation is 14.6 X 10^® • 

ergs for a gram molecule, and the density at the boiling point is 0.5490. 


Ethane 



Fig. 3. 
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Temperature. 

Preaeure (mm.). 

Temperature. 

Pressure (mm.). 

—107.9 

28.8 

93 0 

57-5 

102.4 

35*4 

91 5 

63.0 



89.9 

68.1 

100.4 

38.5 

893 

71-3 

98.2 

42.2 

88.6 

75 4 

97.1 

45-4 

88.4 

76.5 

95 0 

51.0 



94-0 

Table II. 

54-6 

Table III. 

Temperature. 

Density. 

Temperature. 

Density. 

—IOI.8* 

0.5633 

—II4.2 

0 5752 

100.6 

0 5625 

107.7 

0 5696 

97.6 

0.5595 

105 9 

0.5674 

94.8 

0.5555 

105.0 

0.5669 

92.6 

0.5528 

103 3 

0.5657 

91.1 

81.7 

0 5516 

0.5410 

99-4 

0 5631 


Ethylene .—^The vapor pressure of ethylene has been measured by Ram¬ 
say and Travers, and the boiling point is given as — 102.5®. We have 
determined, therefore, only the density of the liquid, with the results 
Ethyucnc given in Table III and Fig. 4. The 

ethylene was made from alcohol by the 
action of alumina at 450® and was 
washed, dried and repeatedly distilled as 
with ethane. Its density, at its boiling 
point, is 0.5650. 

Acetylene ,—^The density and molecular 
surface energy of this substance were 
measured at various temperatures. The 
results of the former agree with the pre¬ 
vious determinations of one of us, and 
■555 need not be given here. The values of 
the surface energy are shown in Fig. 5 
Pie 4 and given in Table IV, where T is the 




-IISl 





/ 



-/ 

/ 



7 



I- 




.580 


•575 


■S70 

Density 


Table IV. 


Radius of capillary 0.01918 cm. 


T. 

D. 

h . 

7. 

y (MV)*/». 

- 77 - 4 ® 

0.6082 

3.160 

17.993 

220 . I 

75*7 

0.6036 

3.135 

17.718 

217.8 

70.5 

0.5912 

2.960 

16.370 

204.1 

69.0 

0.5877 

2.915 

15.992 

200 . I 

67.0 

0.5828 

2.870 

15.605 

196.4 

64.0 

0.5778 

2.780 

15.005 

189.9 

62 .4 

0.5718 

2.705 

14.444 

184.1 
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temperature, D the density, h the rise in the capillary tube in centimeters, 
7 the surface tension in dynes, and y{Mv)*^^ the molecular surface energy 
in ergs. 

Acetylene 



The variation of the molecular surface energy with temperature is 2.40 
per degree, a result much higher than that ordinarily found for liquids. 
Some substances, such as diphenylamine and quinoline, exhibit the same 
anomaly. 

The Atomic Volume of Carbon ,—^The density of ethane, ethylene and 
acetylene at their boiling points are 0.5490, 0.565 and o 618, and their 
molecular volumes are therefore 54.7, 49.6 and 42.1. 

If we take 5.5 as the atomic volume of hydrogen, the atomic \'olumes 
of carbon for different linkages are:' 

Single . 10 9 

Double .. 13.8 
Triple .. 15.5 

In the case of carbon monoxide, its molecular volume is 351. When 
two atoms of chlorine are added, the compound COCI2 has a density of 
1.415, at its boiling point, and consequently a molecular volume of 70. 
Deducting the atomic volumes of C and O, the atomic volume of carbon 
‘ See Bas. Phil, Mag,, 27, 355 (1914). 
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is seen to be 12,2, in good agreement with Kopp’s number. The atomic 
volume of divalent carbon in the carbon monoxide is 23. It is interest- 
ing to note that, if acetylene be assumed to have a divalent and a tetra- 
valent carbon atom, e., the acetylidene structure, its atomic volume 
agrees exactly with that found experimentally. 

We have endeavored to produce addition compounds of acetylene and 
hydrobromic at low temperatures. Acetylene is quite soluble in this acid, 
but solutions containing even 50% of acetylene show no tendency to pre¬ 
cipitate compounds at temperatures as low as - 115°. 

With liquids having high vapor pressures at their freezing points, such as 
hydrobromic and hydriodic acid, but particularly with acetylene, the 
phenomenon of freezing and boiling occurring simultaneously is shown 
in a striking way. Liquid acetylene in a sealed tube can be supercooled 
about 5°. As crystallization takes place the remaining liquid boils 
furiously. 

McGill Univbrsity 


[Contribution from the Chemical Laboratory of Washington University.] 

THE PREPARATION AND PROPERTIES OF THE NEUTRAL 
AMMONIUM SALTS OF ORGANIC ACIDS. 

By LsRoy McMastbr. 

Received January 31, 1914 

As stated in two previous papers,^ most of the ammonium salts of 
organic %Lcids described in the literatme are the acid salts instead of the 
neutral salts Many of the neutral'' salts purchased have also been 
found to be “acid." This is due to the fact that they have been pre 
pared by neutralizing the aqueous solution of the organic acid with am¬ 
monia water or ammonium carbonate and the solution allowed to evaporate 
to crystallization. The salts thus formed are generally hydrolyzed and 
the acid salt results. Many of these salts also contain water of crystal¬ 
lization. Neutral ammonium salts free from water of crystallization 
can be obtained by passing dry ammonia gas into an absolute alcohol 
or ether solution of the organic acids. Most of the organic ammonium 
salts are insoluble in alcohol or ether and are thus precipitated. Keiser 
and McMaster prepared, by this method, the neutral ammonium salts 
of fumaric, maleic, mesaconic and citraconic acids. I prepared also, 
by this method, the neutral ammonium salts of propionic, isobutyric, 
benzoic, cinnamic, malonic, succinic, malic, tartaric, o-phthalic and 
m-phthalic acids and studied some of their properties. Many of the 
properties of the salts made by this method were found to be diflferent 
1 Keister and McMaster, Am. Chem. 49, 84-87 (1913); Chem. News, 108, 136-137 
(1913); McMaster, Am. Chem. J., 49, 294-301 (1913); Chem. News, io8, 182-183, 

193-194 (1913)* 
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from those as described in the literature. This has also been found to 
be the case with some of the ammonium salts of the organic acids de¬ 
scribed in this paper. 

The work on the preparation and study of the properties of the neutral 
ammonium salts of organic acids has been continued. They were pre¬ 
pared in both absolute etliyl alcohol and ether. Several were prepared 
also in methyl alcohol. In several cases the salts were more or less soluble 
in the alcoiiols, and, under this condition, they were prepared only in 
ether. When the experiments were carried out in ethyl alcohol it was 
generally necessary to keep the flasks surrounded by cold water, for, 
when the ammonia was passed into the solution, heat was set free due 
to the action of ammonia on the alcohol and also to the heat of neutraliza¬ 
tion. Ver\^ little, if any, heat was developed when ether was used as the 
solvent for tlie acid. 

Whenever the ammonium salts are only slightly soluble in ethyl alcohol, 
they were prepared in this medium rather than in ether, since from an 
alcoholic solution of the acid they are generally precipitated in a crystalline 
form. From an ethereal solution they are mostly precipitated in an 
amorphous state. 'I'he neutral ammonium salts were all filtered and 
washed by suction on alundum crucibles. The organic acids used in 
this investigation were obtained from Kahlbaum or Schuchardt. 

Amnioniwn lh{iyrah\-->so record can be found of the preparation 
of this salt other than being mentioned by Pelouze and G^lis* as being 
a deliquescent compound. When drj^ ammonia gas was run into an 
ethereal solution of normal butyric acid, a white, granular, crystalline 
precipitate of neutral ammonium butyrate was formed. The precipitate 
was quickly filtered by suction on an alundum crucible, washed wdth 
ether, and then placed in a vacuum desiccator for a few minutes. The 
salt is deliquescent and loses ammonia readily on standing in the air. 
On first dissolving the salt in water, the solution is neutral. The solution 
soon turns acid, due to hydrolysis. The salt is readily soluble in methyl 
alcohol, ethyl alcohol and acetic acid, and appreciably so in acetone. 

Calc, for CJbOiNIL: 13.33* t; found- 13.31 N. 

Ammonittm Isovalerianate. — BQihtein states that an acid salt of iso- 
valerianic acid of the formula NH 4 C 5 H 9 O 2 + 2C6Hn)02 is used in medicine. 
The II. S. Dispensatory describes the commercial valerianic' acid as a 
mixture of two isomeric acids—isovaleric acid and optically active valeric 
acid. This is true of the valeric acid that is obtained from the Valeriana 
officinalis, the Angelica archangelica, and that which results from the 
oxidation of the amyl alcohol of fermentation witli the aid of chromic 
acid. The “ammonium valerianate" described in the Dispensatory 
is evidently a mixture of ammonium valerianate and ammonium iso- 
^ I^doiize «nd Gelis, 47, 249. 
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valerianate. It is also add. Hager^ states that commerdal ammonium 
valerianate is always the acid salt, as is proved by the add reaction and 
the strong rotation of the crystals when placed upon cold water; the 
neutral salt is obtained only with difficulty, is in prismatic crystals, and 
is easily liquefied by moderate temperatures. A sample of ammonium 
valerianate purchased from Kalilbaum was found to be add. The neutral 
ammonium salt of isovalerianic acid was prepared by conducting dry 
ammonia gas into an ethereal solution of the acid. There was formed 
a snow-white crystalline precipitate which is very deliquescent, and which 
has an odor like that of the free acid. The salt is very soluble in water. 
On first dissolving the salt in water, the solution is neutral, but soon be¬ 
comes acid due^ to hydrolysis. It is readily soluble in methyl alcohol, 
ethyl alcohol, acetic acid, and somewhat so in acetone. 

Calc, for O.H9O2NH4: found* 11 , 77^/1 N. 

Ammofihtm Caproatc, —No record can be found of the preparation 
of this salt. Caproic acid, was dissolved in ether, and ammonia passed 
into the solution. A white precipitate formed which at first was some¬ 
what gelatinous, but soon became crystalline and translucent. The 
salt is very deliquescent and has to be filtered and washed very quickly 
by suction. When dissolved in water a neutral solution is formed, which 
soon becomes acid. The salt is very soluble in methyl alcohol, ethyl 
alcohol and acetic acid. On standing in the air, it readily loses ammonia. 
Analysis proved it to be the neutral ammonium caproate. 

Calc, for CoHn 02 NIT 4 * 10.529/'; found: 1053^/^ N. 

Ammonium Crotonate, —On passing ammonia gas into a saturated 
alcoholic solution of crotonic acid, a beautiful glistening white precipitate 
formed. The precipitate was quickly filtered, washed with ether and 
dried for a short time in a vacuum desiccator. The ammonium salt was 
also prepared in ether When ammonia gas was passed into an ethereal 
solution of the acid, there was first formed a very gelatinous precipitate 
which soon became an amorphous powder. The salt prepared in either 
medium is not hygroscopic, but is very soluble in water. The aqueous 
solution is neutral, but soon hydrolyzes. The neutral ammonium salt, 
both crystalline and amorphous, has the odor characteristic of crotonic 
acid. It is readily soluble in methyl alcohol, ethyl alcohol and acetic 
acid, but insoluble in ether and chloroform. 

Prepared in alcohol- Calc, for C4H6O2NH4: 1360%; found: 13.61^^ N. 
Prepared in ether Found: 13.60% N, 

Although many of the salts of crotonic acid have been prepared and 
studied, no mention of the neutral ammonium salt can be found. 

The Ammonium Salt of Ethyl Malonic Acid. —When ammonia gas 
was run into an alcoholic or an ethereal solution of ethyl malonic acid, 

1 U. S, Dispensatory, i8th edition, p. 463. Pkarm. Centralb., 1879, p. 465. 
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there was first formed a white precipitate which is somewhat mucilaginous. 
This precipitate, after a short time, changed to a semi-crystalline one, 
when prepared in alcohol, and to an amorphous powder when prepared 
in ether. The salt prepared by either method is somewhat hygroscopic, 
and loses ammonia readily in moist air. The salt was filtered by suction, 
washed with ether, and dried in a desiccator. When dry the salt has 
the appearance of dry paper pulp. The aqueous solution was neutral 
to sensitive litmus paper. It is slightly soluble in ethyl alcohol, readily 
soluble in methyl alcohol and acetic acid, but insoluble in acetone. A 
solution of the salt is not precipitated by ferric chloride. No mention 
of this salt is made in the literature. 

Prepared in alcohol Calc for C6H604(NIl4^j i6 86' f, iound 16.87^0 N 

Prepared ill ether Pound 1687',^ N 

Ammomuni GliUarafe, —When ammonia is passed into an alcoholic 
solution of glutaric acid there is formed a white amorphous precipitate, 
which soon becomes crystalline and granular in appearance. This salt 
can also be prepared in etlier. The salt thus formed is the neutral am¬ 
monium glutarate, soluble in water, methyl alcohol and acetic acid. 
It is insoluble in ether. The salt is not deliquescent. 

Calc, for CftH«()4(NH4)2 16.86%, found 1685'^ N 
Ammonium Adtpate. —This salt has been prepared by Dieterle and 
Hell* by treating an aqueous solution of adipic acid.with an excess of 
ammonia water and evaporating the mixture to crystallization. Small, 
glittering leaflets were formed. Larger crystals of the neutral salt were 
obtained by allowing the aqueous solution to evaporate spontaneously 
in an atmosphere of ammonia. The salt is described as being stable in 
the air. It loses one molecule of ammonia when dried at 100°, forming 
the acid salt. Lpon heating the salt to 120-150°, all of the ammonia 
is driven off and the free adipic acid is formed. This salt has also been 
described by Arppe** as forming monoclinic cr>"stals. 

Ammonia was passed into an alcoholic solution of adipic acid and a 
white crystalline .salt was formed. It was filtered, washed with alcohol 
and ether and dried in a desiccator. The salt is stable in the air and an 
aqueous solution of it is neutral. It is slightly soluble in ethyl alcohol 
and insoluble in ether. It is appreciably soluble in methyl alcohol, from 
which it crystallizes in small, beautiful leaflets. Determination of the 
nitrogen proved it to have the composition of the neutral salt. 

Calc, for CeH804(NH4)2: 15 55%; found 15 50' 0 N 
Ammonium Pimelate .—^This salt would not precipitate when ammonia 
gas was run into an alcoholic solution of pimelic acid, due to its solubility 
in alcohol. When ammonia gas was passed into an ethereal solution 

* Dieterle and Hell, Ber., 17, 2221 (1884). 

» Arppe, Z. Chem,, p. 301 (1865). 
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of the acid a white, gummy precipitate was formed which would not 
crystallize. Ammonia was then passed into a solution of the acid dis-^ 
solved in alcohol and ether. A fine, white powder was formed which was 
filtered, washed with ether and dried in a desiccator. This salt gave 
a neutral solution when dissolved in water, in which it is very soluble. 
It is not hygroscopic, but loses ammonia very readily in both dry and 
moist air, passing to the acid salt. It is quite soluble in methyl alcohol 
and acetic acid. It crystallizes from ethyl alcohol in leaflets. Analysis 
showed it to be the neutral ammonium pimelate. 

Calc, for C7 Hio 04(NH4)2: 14.43%; found: 14 40% N. 

Ammonium Sebate. —Neison^ states that the ammonium salts of sebacic 
acid can be obtained in solution, but they are invariably partially de¬ 
composed, with loss of ammonia, on attempting to obtain them in the 
solid state, whether the evaporation is conducted in vacuo, at the heat 
of a water bath, over sulfuric acid, or spontaneously in a current of dry air. 

The neutral ammonium salt of this acid was prepared in a solid state 
by the usual method in both alcohol and in ether. When precipitation 
takes place in alcohol, there is first formed a slightly gelatinous precipitate 
which changes to a white, crystalline powder. When prepared in ether 
the white powder is not crystalline. The precipitate in each case was 
filtered, washed with ether and dried for a short time over sulfuric acid 
in a vacuum desiccator. The salt is readily soluble in water to which 
it imparts a neutral reaction. The salt was still neutral to litmus after 
standing for one month in a tightly stoppered bottle. It is not deliquescent 
but loses ammonia in moist air. It is slightly soluble in ethyl alcohol. 
The salt crystallizes from methyl alcohol in small crystalline flakes. 

Analysis 'of the salt prepared in alcohol showed it to be the neutral 
ammonium salt of sebacic acid. 

Calc, for CioHi« 04(NH4;2: 11.86%; found: 11.86% N, 

Ammonium Tartronate, —Petriew® describes this salt as needles which 
decompose at 100°. Tartronic acid was dried at 100®, at which tempera¬ 
ture it loses its water of crystallization, dissolved in alcohol and ammonia 
conducted into the solution. A fine, glistening, white, crystalline pre¬ 
cipitate formed. This salt was filtered, washed with ether and dried in 
a desiccator. It is not deliquescent and an aqueous solution of it is neutral 
to different indicators. It is insoluble in methyl alcohol and ether. When 
treated with acetic acid, free tartronic acid is formed. 

Calc for C3H205(NH4)2: 18.18%; found* 18.17^ N, 

Ammonium Racemate, —Racemic acid was dried at 100®, and ammonia 
passed into an alcoholic solution of it. A white precipitate, somewhat 
flocculent at first, was formed. This changed to a crystalline powder, 

^ Neison, J. Chem. Soc., 27, 301. 

® Petriew, J. Russ Chem Soc , 10, 152. 
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which as soon as neutral, was filtered and washed with alcohol and ether. 
An aqueous solution of the salt was neutral towards different indicators. 
The salt is not deliquescent. It is insoluble in methyl alcohol, ethyl 
alcohol and ether. 

Calc for C4H40«(NH4)2 15 21^/, found: 15.21% N 

Ammonium Itaconate--'Ba.vLp^ states that, like many other ammonium 
salts, neutral ammonium itaconate does not crystallize since on evapora¬ 
tion or standing in the air it loses ammonia and the acid salt forms. 

When ammonia gas is passed into an alcoholic solution of itaconic 
acid, until a portion of the salt on being dissolved in water shows a neutral 
solution, there is formed a white, granular, crystalline precipitate of 
neutral ammonium itaconate. When the ammonia is first passed in, 
the precipitate formed is slightly gelatinous. The salt was washed with 
alcohol and ether, and dried for a short time over sulfuric acid in a vacuum 
desiccator. It is very hygroscopic. In dry air the salt is stable, but 
loses ammonia in moist air. It is soluble in acetic acid, but insoluble 
in methyl alcohol, ethyl alcohol and acetone. 

The neutral ammonium salt of itaconic acid can also be precipitated- 
in ether as an amorphous compound. The salt prepared in either alcohol 
or ether readily hydrolyzes when dissolved in water. 

Prepared ill alcohol Oilc for C6n4(h(NH4)j I7 07*'(; found. 17 079( N 
Prepared in ether Found 17 oy* ^ N 

Action of Ammonia on some other Organic Attempts to prepare 

the neutral ammonium salts of isosuccinic, p^Totartaric, aconitic and 
several other acids have so far given unfavorable results. The precipi¬ 
tates formed were usually very mucilaginous and would not crystallize, 
even if the ammonia was conducted into the alcoholic or ethereal solution 
for a long time. Methyl alcohol w^as tried as a medium in wdiich to pre¬ 
cipitate these salts but without success. Work on these acids is being 
continued. A number of neutral ammonium salts of the higher fatty 
acids and of the aromatic series have been prepared and anal^^zed. The 
results will be given in a future paper. This investigation is being con¬ 
tinued with otlier organic acids. 

St Louxb, Mo. 

THE DOUBLE AURIC IODIDES OF SUBSTITUTED AMMONIUM 

BASES. 

By Satyaranjan Das Gupta 
Received February 2, 1914. 

The application of the method of double decomposition in the formation 
of double salts is being systematically studied by Datta and already some 
interesting results have been obtained by him. Though there are a few 
^ Baup, Ann., 19, 29. 
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scattered instances of salt formation by the incidental application of this 
method, yet this has been clearly expounded by him as a principle sus¬ 
ceptible of much wide application. He prepared a series of double iodides 
of platinum and cupric copper by starting with a solution of platinic and 
cupric chlorides.^ Later on, he prepared a few more of the double platini- 
iodides by precisely the same method.^ The double iodides of cadmium 
and merciuy with the substituted ammonium bases have also been pre¬ 
pared by him as an extension of his method.® The same principle has 
been applied by him in the preparation of double carbonates of the alkaline 
earth metals and lead with potassium carbonate, which cannot be pre¬ 
pared by direct means. 

These facts induced me to investigate the double auric iodides by the 
method applied by Datta, viz., the addition of a soluble salt of gold (pref¬ 
erably the chloride) to various substituted ammonium iodides. Now 
Johnston^ prepared several auric iodides with the alkali metals and ammo¬ 
nium by adding auric chloride to the alkali iodide and then allowing the 
solution which contains the double salt to crystallize. They have also 
been prepared by him by allowing the solution of auric iodide in alkali 
iodide to crystallize. Now by the indirect method of Datta the prepara¬ 
tion of the double salts with alkali metals has been found to fail, owing to 
the great solubility of the double salts. The double auric iodide of caesium 
can, however, be precipitated directly by adding auric chloride to caesium 
iodide solution, owing to its comparatively small solubility. The double 
auric iodides of the substituted ammonium bases can be precipitated 
directly by adding a solution of auric chloride to the solutions of iodides 
of bases. But the reaction has been found to fail with ethylammonium, 
diethylammoniumr isobutylammonium, allylammonium and anilinium 
iodides. 

The following double iodides have been prepared: 

Caesium Auric Iodide, CsI.AuIa.—On adding a solution of auric 
chloride to a solution of caesium iodide, a black precipitate came down 
which was shaken with the mother liquor for some time. It was filtered 
and dried in the steam oven. The compound is of a black shining 
crystalline form. 

Analysis' 0.1436 g. gave o 1603 Agl; I *= 6033% Calc for Csl AuL, 6069% 

Methylammonium Auric Iodide, CH8H2HI.AUI8.—Methylaminehydro- 
iodide is prepared by adding methylamine to hydriodic acid till the faint 
brown color is turned colorless. It is evaporated to dryness on the water 
bath, when a white crystalline powder was obtained. This was dissolved 
> Datta, J. Chem. Soc,, 103, 426 (1913). 

* This Journal, 35, 11S5 (1913). 

^im., 35, 949 (1913)* 

^ Phil. Mag., 9, 266 (1836). 
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in water to form a moderately strong solution and then a fairly strong 
solution of auric chloride was added, when a black precipitate was formed, 
leaving the supernatant liquid dark brown, showing that the salt formed 
is moderately soluble in water. This was then washed with a small 
quantity of water on the filter paper and then allowed to dry in a desiccator. 

Analysis o 1030 g gave o 0278 g Au — 2683^^ o f)690 g gtnc 00877 g Agl; 
1 - 68 70% Calc for Auli Au — 26 76'< , 1—68 go^! 

The compound is of a dark black, shining, crystalline form. It changes 
its color from black to yellowish brown on long standing, proving that the 
compound decomposes slowly with the formation of aurous iodide and 
evolution of iodide. 

BiityJammomuni Auric Iodide, C4H9NH2HI.AUI3.— K solution of auric 
chloride is added to a solution of butylamine hydroiodide, when a fine black 
ciy'stalline precipitate comes dowm immediately. The solution of auric 
chloride is added gradually, and during each addition the solution is 
vigorously agitated. The precipitate is then filtered and washed with a 
little water. The salt is slightly soluble in water and its solution gives a 
pale red color. 

01093 g ga\c 00298 g Au, Au 25 43^c, calc ior CJIftNHzHI Aulsj 
Au = 25 28 't 

Ihpropylammomum Aunc Iodide, 3N(C3H7)2H2l.Aul3.—On adding a 
strong solution of auric chloride to a solution of dipropylammonium 
hydroiodide, a tarry, brown, oily, liquid is obtained which suffers no 
change even on keeping it for some days with the mother liquor. It was 
then suspected that the double salt itself might be liquid. The mother 
liquor was decanted off from the oil and the oil was then washed several 
times with water. The tarry oil was dried and the gold estimated by 
ignition. The tarry oil on standing in the vacuum desiccator over sul¬ 
furic acid for several days, however, solidified to a black, pasty mass. 

01984 g gave 00308 g Au Au = i5 52^Cf calc for 3CN(CoH7)2H2l Aub, 
Au = 16 10^ t 

7 npropylammonitim Auric Iodide^ 4N(C3H7)3HI.Aul3.—The substance 
was of a pasty and somewhat liquid consistency and was prepared in 
exactly the same manner as the dipropylammonium auric iodide The 
tarry liquid appeared brown in thin layers. 

^>4723 g gave 00584 g Au. Au — i2 35^(, calc for 4N(C Aul^; 

Au = II 85S 

1 ctramethylammonium Auric Iodide, 4N(CH3)4l*3Aul3 - This i\as pre¬ 
pared according to precisely the same method by adding a solution of 
auric chloride to a moderately dilute solution of tetramethylammonium 
iodide, when at first a brownish black precipitate is formed, which turns 
black on shaking. It was washed and dried as usual The salt is sparingly 
soluble in water. 
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oaoo6 g. gave 0.0231 g* Au; Au m 22.96%; calc, ior 4N(CH«)J.3AuI«; 
Au « 23.38%. 

Tetrc^thyhfnmonium Auric Iodide^ 4N(C*H4)4l.3Aul3.~*-To a saturated 
solution of tetraethylammonium iodide a solution of auric chloride is 
added drop by drop when a blackish brown precipitate first appears which 
changes to black on keeping for some time and shaking. It is then filtered, 
washed and allowed to dry. 

0.1257 g. gave 0.0269 g. Au; Au = 21.40%; calc, for 4N(C2H8)4l.3Aul3; 
Au * 21.39%. 

Quinolium Auric Iodide^ 2C9H7NHI.AUI8. —When quinoliumliydro- 
iodide is dissolved in a moderate quantity of water, a brown, clear solution 
is formed, but on attempting to dilute it with water it becomes, hazy like 
an emulsion. This may be due to dissociation, on dilution, into quinoline 
and hydroiodic acid. 

To a clear solution obtained in the above manner a dilute solution of 
auric chloride is added drop by drop witli constant shaking. At first a hazy, 
oily, emulsion of dirty brown color is produced which, on further agitation 
and addition of auric chloride, becomes crystalline and falls to the bottom, 
leaving the supernatural liquid only faintly yellow. The compound on 
filtration appeared of a fine crystalline appearance and is of a black color. 
The salt is slightly soluble in water to form a pale yellow solution. 

0.1558 g. gave 0.0282 g. Au; Au * 18.10%; 00992 g. gave 0.1058 g. Agl; 
I =* 57.66%; calculated for 2 C0H7NHI. Aula; Au = 18.04; I ~ 58.15%. 

Quinolineethylammonium Auric Iodide^ 4CiiHi2NI,3Aul3.—To a satu¬ 
rated solution of quinoline ethyliodide, a moderately dilute solution of 
auric chloride is added drop by drop when a black precipitate comes down 
immediately which was filtered and washed as usual. The salt was 
perfectly black and was of granular character. 

0.1204 g, gave 0.0254 Au; Au = 21.09%; calc, for 4CuHijNI.3AuIi; Au; 
Au = 2056%. 

Pyridinium Auric Iodide, 4C6H6NHI.3AUI1.—^To a strong solution of 
p3rridinium hydroiodide, a dilute solution of auric chloride is added, when 
at first a blackish precipitate is produced which disappears again and pro¬ 
duces a haziness but on continual shaking it is gradually transformed 
into a black precipitate which soon collects at the bottom. The super¬ 
natant liquid was colored yellowish brown. 

0.1406 g. gave 0.0332 g. Au; Au =» 23.54%; calc, for 4C»H0NHI.3AuIt; 
Au == 23.07%. 

Dining the preparation of these double salts, vigorous and constant 
shaking is necessary during each addition of the solution of auric chloride, 
in order to ensure the completion of the double decomposition—as other¬ 
wise secondary products may be formed. Moreover, it had been ob¬ 
served, in some cases, that according to different conditions of carrying 
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the preparation different types of salts were obtained. Sometimes 
A salt of constant composition was not obtained but what was in all prob¬ 
ability a mixture of the different types. 

I take this opportunity to express my best thanks to Prof. R 4 y for his 
encouragement in carrying out the above investigation. 

PSBaiDBKCY COLLBGE, CALCUTTA. 

{ComtRiBirriON from ths Harriman Rbssarch Laboratory, Roossvblt Hospital, 

New York.] 

TRICRESOL AS A SUBSTITUTE FOR TOLUENE IN ENZYME 

WORK.* 

By Sara S. Graves and Philip Adoi.ph Kobbr 
Received January 12, 1914. 

TABLE OF CONTENTS. 

1. Introduction, 2. Experimental: Action of tricresol on: (a) Trypsin; {h) 
Brepsin; (r) Pepsin, (d) Lipase, (e) Crease, [f) Diastase; (|:) Invertase. 3. Summary. 

1. Introduction. 

The results of many enzyme experiments are probably worthless be¬ 
cause sterile conditions were not maintained by means of a suitable pre¬ 
servative. To overcome this difficulty before beginning a study of the 
digestive ferments, it was desirable to find a substitute for toluene, the 
preservative now in general use. 

Toluene has several distinct disadvantages: (i) It evaporates readily, 
the boiling point being no® to 112®, (2) It often produces a cloudiness 

which interferes with optical methods, because of its low solubility in 
water. (3) It clings to the glass in oily drops, introducing errors in volu¬ 
metric measurement and necessitating the use of a clean pipet each time. 
(4) Its bactericidal power is uncertain. The deterioration of a casein 
-solution, after standing at room temperature several months, suggested 
that toluene does not prevent bacterial action, an idea which has been 
strengthened by a recent article of Benians on “The Resistance of Various 
Bacteria to the Disinfecting Action of Toluol and the Allied Bodies, Ben¬ 
zol and Xylol .“2 

After trying formaldehyde, which, in strong solutions, caused decolor¬ 
ation with proteins and in weak solutions was ineffective, as were sodium 
•chloride and boric acid, a saturated solution of tricresol was found in the 
laboratory. According to E. J. Banzhaf,’ who suggested the use of tricre¬ 
sol in this connection, the late Dr. A. H. Koelker, while working in this 
laboratory, had determined that a o.i^) tricresol solution did not interfere 

* Read before the American Society of Biological Chemists, Philadelphia Meeting, 
Dec., 1913* 

* T. H. C. Benians, Chemolherap,, 1, 28 (1913). 

* Private communication. 
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with the actkm of proteases* iistag the optical method witii peptides as 
developed by Abd^halden and Koc&er. Nodaim, therefore, is made as to 
the priority of this idea, but it is believed that no results have heretofore 
been published on this point. ^ 

Tricresol is so well known as a disinfectant that the statement of bac*^ 
teriologists has been accepted that it is much more powerful germicide 
than toluene and that o. i % solution is sufficient to prevent bacterial growth* 
It is the object of this paper to show that in physical and chemical proper¬ 
ties it is more suitable than toluene and that it has little or no injurious 
effect upon the enz3niies. 

Tricresol has the following advantages: (i) It is practically non¬ 
volatile, the boiling point being 190®. (2) It is soluble in water to the 

extent of 2%, causing no cloudiness. (3) It nms clean from a pipet. 

2. Experimental. 

To show the effect of tricresol on the enzymes, a number of experiments 
have been performed on proteases, (trypsin, erepsin and pepsin) on lipases* 
a urease, diastases, and on an invertase, using toluene as a standard. 

It has been found convenient to use a saturated solution, pipetting off 
the supernatant liquid. In working with enzymes and proteins, where 
slight alkalinity or acidity interferes with the action or precipitation, the 
slightly acid solution was neutralized with N/10 sodium hydroxide. One 
or two series, as examples of each enzyme, will serve to illustrate the pro¬ 
cedure and make clear the results. 

(a) Trypsin.'^ —^The activity of each of the three proteases, trypsin,, 
erepsin and pepsin was determined by its power to digest protein ac¬ 
cording to the nephelometric method of Kober.* 

Expi^rimbkt I. 

Solutions I. 

(a) 0.1 g. trypsin in 100 cc. of 0.2% tricresol, allowed to stand at room tempera¬ 
ture for 24 hours. 

(b) o.i g. trypsin in 100 cc. of water, and 2 cc. toluene, allowed to stand at 
room temperature for 24 hours. 

Solutions II. 

(a) 10 cc. of o.oi % trypsin made from solution la, 25 cc. of o. i % ''sodium caseinate*’* 
solution^ 3 cc. 2% tricresol, and made up to 100 cc. with water. 

(^) xo cc. of O.OI % trypsin, made from solution lb, 25 cc. o. i % "sodium caseinate*** 
solution, made up to 100 cc. with water to which was added 2 cc. of toluene. 

Solutions III. 

(a) 5 cc. of solution Ila, 10 cc. of water and 15 cc. of 3% sulfosalicylic acid. 

(b) 5 cc. of solution II6, 10 cc. water and 15 cc. of 3% sulfosalicylic acid. 

^ Koelker, in the last work which he published, used toluene. 

* Fairchild*8 ^'IVypsin.** 

«jr. Biol. Chem., 13, 485 (1913); This Journai,, 35, 290, 1586 (1913). 

^ The "sodium caseinate" scdutions used in this work were made by dissolving: 
O.I g. of casein with i cc. of N/10 sodium hydroxide and diluting with water. 
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Solutions III were taken at intervals and nephelometric readings made 
in comparison with a standard solution containing 5 cc. 0.01% casein 
solution, 10 cc. of water and 15 cc. of 3% sulfosaUcylic acid. 





Table 

I. 




Time of action. 

Standard. 

Control. 

15 min. 

30 min. 

60 min. 

Prceervative. 

Hrs. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Tricresol, 0.2%.. 

• 24 

15 0 

8.0 

12 7 

22 

5 

off scale 







(about 35) 

Toluene. 

• 24 

150 

7.9 

11 .2 

15.5 

off scale 








(about 35) 



Experiment II. 




0-5% tricresol solution—other directions were followed as in the preceding ex{)eri« 

ment. 



Table 

II. 




Time of action 

Standard. 

Control. 

15 min 

30 min. 

60 min. 

120 min. 

Preservative. 

Hrs. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Tricresol, 0.5%.. 

• 48 

15 

6 6 

8.2 

II .0 

16.6 

off scale 

Toluene. 

• 48 

15 

6.7 

8 0 

10.8 

12.1 

off scale 

Tricresol, 0.5^ . 

72 

15 

6 7 

8 2 

10.9 

11.9 

off scale 

Toluene. 

72 

15 

7 0 

8.0 

9 3 

II .2 

off .scale 


From the above data it seems that tr3rpsin is not affected by 0.5% 
tricresol. 

(b) Erepsin ,^— 

Experiment I. 

Solutions I. 

(a) o.i g. of erepsin in 100 cc. of 0.2% tricresol, allowed to stand at room 
temperature for 24 hours. 

(b) 0.1 g. of erepsin in 100 cc. of water and 2 cc. of toluene, allowed to stand at 
room temperature for 24 hours. 

Solutions II. 

{a) 5 cc. of solution la, 5 cc. N/io HCl, 25 cc. 0.1% casein, 3 cc. 2% tricresol, 
made up to 100 cc. with water. 

(6) 5 cc. of solution lb, 5 cc. JV/io HCl, 25 cc. 0.1% casein, 2 cc. of toluene, made 
up to 100 cc. with water. 

Solutions III. 

(a) 5 cc. of solution Ha, 10 cc. of water and 15 cc. of 3% sulfosalicylic acid 

(b) 5 cc. of solution II6, 10 cc. of water and 15 cc. of 3% sulfosalicylic acid 

Table III. 


Time of action. Standard. 

Control. 

15 min. 

30 min. 

60 min. 

31/9 hTB . 

Preservative. 

Hrs. Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm 

Tricresol, 0.2%.. 

• 24 15 

4.8 

6.7 

7.7 

13.1 

off scale 

Toluene. 

• 24 15 

4.8 

5-8 

6.5 

10 6 

off scale 


Experiment II. 

0.5% tricresol in solution la, and 10 cc. 0.1% erepsin in sblution Ila and lib, 
were the changes made for this experiment. 

> Johnson and Johnson’s Papoid. 
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Table IV. 

t 1 me«fftctl<nt. SUitd«rd. Control. 15 min. 50 min. OOotin, 


Pmmotive. Hm. Mm. Mm. Mm. Mm. Mm. 

Tricresol, 0.5%.24 15 7.1 11.7 17.9 31.5 

Toluene. 24 15 7.2 11.9 19.6 33.0 

Tricresol, 0.5% . 48 15 10.7 17.4 23.8 off scale 

Toluene.48 15 11.o 21.9 35.0 off scale 


The above results show that erepsin does not seem to be affected by 
0.2% tricresol during the usual time of incubation (24 hrs.) but the ac¬ 
tivity is slightly retarded by 0.5% solution in 24 hrs. and that the inhibi¬ 
tory action is more evident on long standing. 

(c) Pepsin .^— 

Experiment I. 

Solutions I. 

(a) o.i g. of pepsin in xoo cc. of 0.2% tricresol allowed to stand at room tempera¬ 
ture for 24 hours. 

(b) o.i g. of pepsin in 100 cc. of water and 2 cc. of toluene allowed to stand at 
room temperature for 24 hours. 

Solutions 11. 

(o) 10 cc. of 0.01% pepsin made from solution la, 25 cc. of 0.1% edestin* solution 
(acid). 3 cc. 0.2% tricresol made up to 100 cc. with water. 

(6) 10 cc. of 0.01% pepsin made from solution 16, 25 cc. 0.1 cdestin solution 
(acid) made up to 100 cc. with water and 2 cc. of toluene added. 

Solutions III. 

(а) 5 cc. of solution Ila, 10 cc. of water, 15 cc. NaCl solution i-'3- 

(б) 5 cc. of solution II6, 10 cc. of water, 15 cc. NaCl solution 1-3. 

Solutions III were compared with a standard solution containing 5 cc. 
of 0.01% edestin, 10 cc. of water and 15 cc. NaCl solution. 

Table V. 

Time of action. Standard. Control. 15 min. 30 min. 60 min. 


Preservative. Hrs. Mm. Mm. Mm. Mm. Mm. 

Tricresol, 0.2%.24 15 8.0 11.5 27.4 off scale 

Toluene. 24 15 8.5 11.4 27.4 off scale 


Experiment II. 

0.3 % tricresol solution in solution la was the only change made for this experiment. 


Table VI. 

Time of action. Standard. Control. 15 min. 30 min 

Preaervative. Hrs. Mm. Mm. Mm.« Mm. 

Tricresol, 0.5%.24 15 10.2 15.3 off scale 

Toluene.24 15 10.9 16.4 off scale 

Tricresol, 0.5%.48 15 10.7 16.4 off scale 

Toluene.48 15 10.9 16 7 off scale 

Tricresol, 0.5%., . 72 15 9.0 13.1 26.6 

Toluene.72 15 8.6 15.3 off scale 


* Parke, Davis 8r Co., Pepsin (scales). 

* The edestin solutions used in this work were made by dissolving 0.1 g. of edes- 
tin in 3 cc. of N/10 hydrochloric acid and diluting with water. 
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Prom the above results it seems that pepsin is not affected by 0.5% 
%icr(esol in 48 hours, though the action seems to be slightly retarded in 
7*2 hours. 

(d) Lipase .—^The activity of lipase was determined by its power to 
hydrolyze ethyl butyrate and triacetin according to the suggestions of 
K. G. Falk.^ The results given cc. N/10 acid produced in 24 hours at 
38-40® are means of duplicate experiments and are corrected for blanks. 
0.2 g. of castor bean lipase, i cc. of ethyl butyrate or V2 cc. triacetin, 
5 cc. 1% tricresol or 0.5 to i cc. toluene made up to 25 cc. with water. 



TABi.fi vn. 





Toluene. 

0.2% tricresol 

Substance. 

fiflter. 

Cc. N /\0 acid. 

Cc. N/IO a«id 

C B. L. (a), 0.2 K. 

Ethyl butyrate 

I 43 

1.20 


Ethyl butyrate 

1-47 

I 18 

C. B. L. (6), 0.2 g. 

Triacetin 

2 .00 

1.70 


Experiment II 



Pancreatin as specified, 

otherwise the directions are as given in the preceding 

experiments. 




• 

Table VlII 





Toluene 

0.2% Tricresol. 

Pancreatin. 

Ester. 

Cc. N/IO acid. 

Cc. N /10 acid. 

O.I g. 

Ethyl butyrate 

3 21 

5 17 


Triacetin 

4 63 

2 28 

0,05 g. 

Ethyl butyrate 

2 29 

2 63 


Triacetin 

2 85 

1.20 


The results of these preliminary experiments were kindly obtained by 
K. G. Falk in connection with his work on lipase. The action of castor 
bean lipase seems to be retarded by tricresol, but with pancreatin and ethyl 
butyrate, the action seems to be accelerated while with pancreatin and tri¬ 
acetin, the action seems to be retarded. 

The average of 10 experiments each, made later by ourselves, substan¬ 
tiate Fi^lk’s results: o.i g. of pancreatin was used with varying amounts 
of tricresol as specified; otherwise, the directions were the same as in the 
preceding experiments. 


Tabi.k IX. 

Ester. 0 . 2 % tricresol. Toluene. 0.1 % tricresol Toluene. 

Ethyl butyrate.4 37 3 93 4 58 4 22 

Triacetin. 2 08 3.45 2.64 3 75 


{e) Urease ,—The activity^ of urease was determined by the action of the 
extract of powdered soy bean on urea, according to the methods of E. K. 
Marshall, Jr,* The results are expressed as cc. of N/io acid necessary to 
neutralize the ammonia produced in i8 hours at 38-40®. 

‘ This Journal, 35? 211 (1913)- 
* /. Biol. Chem., 15, 487 (1913); i4» 283 (1913)* 
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EXPSRDfSNT I. 

(a) 45 cc. of $oy bean extract, 5 cc. 2% tricresol, were allowed to stand 241 
at room temperature. 

(A) 45 cc. of soy bean extract, 5 cc. of water and 2 cc. of toluene, were allowed to 
stand 24 hours at room temperature. 


0.025 g. of urea, 5 cc. of water and 5 cc. of extract *‘a’* or were 
allowed to stand in a tightly stoppered test tube at 38-40® for x8 hours. 
5 cc. saturated solution of sodium carbonate were then added and the 
ammonia distilled according to Folin’s micro-method.^ 


0.2% tricretol. 
Cc. of N/IO add. 


6 92 
7.28 
7.68 
6.87 
6 98 


Tabi,b X. 

Toluene. 

Cc. of N/lO add. 
6.72 
7.07 

7 03 
6 25 
6 10 


Average, 7 14 Average, 6.63 

(a) 12.5 cc. 2% tricresol and 37.5 cc. of soy bean extract, allowed to stand for 
48 hours at room temperature. 

(b) 12.5 cc. of water, 37.5 cc. of soy bean extract and 2 cc of toluene, allowed to 
stand for 48 hours at room temperature. 


0.025 8* urea, 5 cc. of extract (a) or (b) and 25 cc. of water were allowed 
to stand in a tightly stoppered flask at 38-40® for 18 hours. The ammonia 
was then titrated directly with N/10 acid, using methyl orange as indicator, 
according to Marshall’s dindal method. 


Tablb XI. 

0.5% tricreMl. 

Cc. iV/lO ludd. 

8.24 
7.80 
7.70 
7 80 


Toluene. 

Cc. N/IO acid. 


7 95 
7 95 
7 73 

7.73 


Average, 7.88 Average, 7.84 

The results of experiments i and 2, indicate that the action of urease 
is not hindered by 0.5% tricresol solution during 48 hours. 

(f) Diastase ,—^The activity of diastase was determined by the time re¬ 
quired to digest a given amount of starch, testing with iodine* for the 
disappearance of starch-iodine color. 

ExpBaiMBMT * 

Taka diastase. * 

(a) 0.05 g. of taka diastase, 5 cc. of i % tricresol and 5 cc. water. 

(b) 0.05 g. of taka diastase, 10 cc. of water and i cc. of toluene. 

‘ /. Biol. Chem., ii, 501 (1912). 

< Tricresol decolorizes the iodine somewhat, so that in each test an excess of iodine 
was added before the color was noted. 

* Parke, Davis & Co., Taka diastase. 
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After standing 24 hours, 50 cc. of 2% starch solution were added to each 
diasHII solution, and at intervals portions were taken out diluted' with 
watflBnd tested with dilute iodine. A similar set of experiments were 
ith diastase which had been treated with tricresol for 48 hours. 



Tablb XIII 


Time of action. 


(A) Preservative. 

Hours. 

Control. 

39 min. 

42 min. 

43 min. 

Tricresol, 0.5%.. 

. 24 

Blue 

Brown 

Brown 

No color 

Toluene. 

24 

Blue 

Brown 

Brown 

No color 


Time of action. 




(B) Preservative. 

Hours. 

Control. 

36 min. 

37 min. 

38 min. 

Tricresol, 0.5%... 

. 48 

Blue 

Brown 

Brown 

No color 

Toluene... 

48 

Blue 

Brown 

Brown 

No color 


Experiment.^ 
Malt diastase. 


0.2 g. of malt diastase was used in each solution, and 25 cc. of 2% starch 
solution. Otherwise the directions were as given in the preceding experi¬ 
ments. 


Table XIV 


Time of action. 


(A) Preservative. 

Hours. 

Control. 

72 mtn. 

79 min 

81 min. 

Tricresol, 0.5 .. 

24 

Blue 

Brown 

Brown 

No color 

Toluene. 

24 

Time of action 

Blue 

Brown 

Brown 

No color 

<B) Preservative. 

Hours. 

Control. 

105 min. 

111 min. 

112 min. 

Tricresol, 0.5%.. 

. .. 48 

Blue 

Brown 

Brown 

No color 

Toluene. 

48 

Blue 

Brown 

Brown 

No color 


The above results indicate that the action of diastase is not hindered 
by 0-5% tricresol in 48 hours. 

(g) Invertase ^—The activity of invertase was determined by the amount 
of cane sugar inverted in a given time at 38®, measurements being made 
with a saccharimeter. The temperature of inversion was kept constant 
within o.i® by using a water thermostat. The results are expressed in 
degrees of rotation. 

Experiment I 

(a) 30 cc. of invertase solution 4 cc. of 2% tricresol, 6 cc. of water. 

(b) 30 cc. of invertase solution, 10 cc. of water, a cc. of toluene. 

Solutions were kept in a incubator at 38-40® and were tested after 24, 
48, and 72 hours. 5 cc. of invertase solution (a) or (6) 100 cc. of 20% 
sugar solution and 10 cc. of N/2 mono-sodium phosphate solution were 
added together and placed in a water ‘thermostat. At intervals 10 cc. 
portions were run into 5 cc. portions of strong sodium carbonate solution 
to stop the inversion and readings were made in a Saccharimeter, using a 
100 mm. tube. 

^ Eimer & Amend, Malt diastase. 

* The yeast invertase was obtained through the courtesy of J. M. Nelson, for 
which we wish to express our thanks. 
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TabuJ XV. 

Time of octlon. Con* 10 20 30 40 

Preservative. Hours. trol. min. min. min. min. miM||ftin. 

Tricaresol, 0.2%. 24 20.7 17.0 13.4 9.5 7.2 

Toluene. 24 20.0 17.2 13.5 10.3 7.6 5.0^||2 

Tricresol, 0.2%. 48 20.2 17.0 14.2 11,6 8.6 7.3 4-8 

Toluene. 48 20 4 17.0 14 2 11.2 8.0 5.6 4.3 


The above results indicate that 0.2% tricresol solution does not hinder 
the action of invertase in 48 hours. 


Experiment II. 


0-5% tricresol solution was used in this case, otherwi.se the directions of the pre¬ 
ceding experiments were followed. 

Table XVI. 


Time of action. Con- 10 20 30 40 50 60 

Preservative. Hours. trol. min. min min. miii. min. min. 

Tricresol, 0.5%. 24 20 3 17.7 14.8 12 4 95 78 5.7 

Toluene. 24 20.5 16.5 13 o 10 2 6 8 4.3 20 

Tricresol. 48 20.0 18 7 16 5 15 o 14 o 12.3 11 o 

Toluene. 48 20.4 16.5 13 4 10 6 80 60 33 

Tricresol. 72 19 o .. . 18.8* 

Toluene. 72 19.5 17 6 16.8 16 o 14.6 14.0 12.4^ 


The above results indicate that 0.5% solution of tricresol somewhat 
hinders the action of invertase and that the inhibitory affect is increased 
with longer standing. No effort was made to maintain a favorable hydro¬ 
gen ion concentration, which may be the cause of the slight inactivation. 


3. Summary. 

From the preceding data, it is concluded that tricresol is preferable to 
toluene, because it is a stronger germicide, and while overcoming the physi¬ 
cal and chemical disadvantages of toluene, it does not, in most enzyme 
work, interfere with ferment action under ordinal*}^ conditions. In solu¬ 
tions as strong as 0.5% it can be recommended for tr>^sin, pepsin, urease 
and diastavse and for erepsin and invertase in 0.2%, during the usual time 
of incubation. In extreme cases it has a retarding effect as was shown 
with erepsin and invertase after longer standing with 0.5% solution. 
With lipase the evidence is contradictory. 0.2% solution of tricresol re¬ 
tards the action of castor bean lipase on ethyl butyrate and triacetin, 
but seems to accelerate the action of pancreatin on ethyl butyrate and 
retard the action on triacetin. 

For special work, a special preservative may be necessary, but in the 
usual practical enzyme experiments, tricresol is very satisfactory.* 

N»w York City. 


* The invertase solutions reached the temperature of 42 ® in the incubator. 

* Tricresol ought to be esi>ecially useful in preserving specimens for subsequent 
analysis such as urine, etc., insuring against the loss of preservative by evaporation 
and permitting accurate volumetric measurement. 
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1»H£ QUANTITATIVE EXTRACTION OF DIASTASES FROM 

PLANT TISSUES. 

By R. W. Tratcbbk and Gso P. Koch 
Received February 6. 1914. 

Iflflre are two different opinions as to the nature of enzyme action. 
On* supposes that enzymes are only catalytic in their effect, that is, 
that they are only accelerators of reactions which actually occur in the 
abtjbnce of the enzyme, but at a very much slower rate. The other holds 
that enzymes are actual causative agents for their specific reactions, 
and function by forming definite chemical unions with the initial substance 
frtiich later break down into a new substance or substances, liberating 
the enzyme unchanged and in condition to repeat the process an indefinite 
nun^^ of times. Whatever may be the nature of their action, however, 
it is pbvious that they do not participate quantitatively in the reaction 
whidi is their specific function. Hence, they cannot be measured quanti¬ 
tatively by the usual methods of determining the quantity of the end- 
products of the reaction. It is necessary, instead, to measure their effect 
upon the velocity of the reaction. 

In any comparative study of the enzymes of different samples of vege¬ 
table materials, it becomes desirable to obtain comparable measures of 
the quantity of enzyme present. Since there are no known methods for 
isolating and determining the exact quantity of an enzyme in any given 
plant or animal tissue and, further, since in the present state of knowledge 
concerning enzyme action it is uncertain whether the same actual quantity 
of the same enzyme from different sources will possess the same accelerating 
or causative effect upon its substrate, the investigator is necessarily 
forced to assume that the comparative accelerating effect upon reaction- 
velocity of the extract from the same quantity of the materials under 
investigation is a comparable measure of the quantity of enzyme present 
in each sample. Or he may, as is doubtless a better procedure, use as 
his basis of comparison the “diastatic strength” or some similar term, 
instead of the actual quantity of enzyme prevsent. 

In a series of investigations of the various factors which may influence 
what is called the ”strength” of wheat flour, we have undertaken a study 
of the enzymes of tlie wheat kernel and their distribution to the various 
products separated from it in milling, and of their effect upon the flour 
during the fermentation of the dough and baking of the loaf of bread. 
Quite naturally, we first sought to study the diastatic enz3rmes, that 
is, those which cause or accelerate the hydrolysis of starch. We were 
immediately confronted by the lack of a method of quantitative ex¬ 
traction of the active diastases of different samples, which would yield 
comparable results. There was, first, the question of a suitable standard 
of measurement of the acceleration of starch-hydrolysis due to the presence 
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aBynCr find seaqrad^ th« diffi^dtir ,o( «z|nw^i»g w active dqrftro* 
lyzingenzyme fromamaterial coptaioing large (juautities of the hydi|^|able 
material, without getting continuous activity of the enz3Mne^Bing 
the extraction period. This latter difficulty had led a number^B in- 
veatigatcn's who had previouriy attempted a study of this kind to aoBdon 
it as incapable of exact solution, since they found that the activiti of 
the enzyme during the extraction ‘‘used up” variable propcvtionl of 
its accelerating effect, and, consequently, they obtained extracts of varilnde 
‘‘diastatic strength” from the same sample if the time or temperaoue 
of extraction, the ratio of solvent to material, or the conditions of preserva¬ 
tion of the extract until its ‘‘diastatic strength” could be measured, 
varied in even comparatively slight degrees. It occtured to us, how¬ 
ever, that this difficulty might easily be overcome by carrying outt the 
extraction at a temperature below that at which the enz3anes exerl any 
influence upon reaction velocity, say at o°, provided the enzymes mem- 
selves were sufficiently soluble at that temperature to permit the seciuing 
(ff comparably quantitative extractions. This could, of course, be easily 
ascertained experimentally. 

There remained the question of a suitable standard of measurement 
of the comparative accelerating effect of extracts from different samples. 
The posribility of comparable meastu'ements depends upon whether the 
velocity of the reaction is uniform throughout its duration, exhibiting 
the so-called ‘‘straight-line” curve of reaction-velocity, or is modified by 
the law of mass action, having an approximately logarithmic velocity- 
curve. In the latter event, it would be impossible to make comparisons 
of velocity-accelerations of extracts from different samples, as the relative 
mags of hydrolyzable material and of activating enzyme in each different 
extract would rarely, if ever, be the same. However, Kjeldahl’s first 
assumption^ that the amount of reducing sugar produced is a true measure 
of diastatic power, provided that not more than 40% of the original 
starch is converted into maltose at the expiration of the period of diges¬ 
tion, has been accepted as a working baris by many investigators and has 
been indirectly confirmed by Brown and Glendinning,* who found that 
equal amounts of starch were hydrol3rzed by diastase in equal times 
during the earlier part of the reaction, but that toward its close, when 
the concentration of enzyme becomes large as compared with that of the 
substrate, the reaction obeys the law of mass action. Kjeldahl’s ‘‘law 
of proportionality” was, therefore, accepted as a suitable basis of measure¬ 
ment for our wrxrk. 

The next question was as to the method of measurement of the velocity 
of the reaction. Several metiiods for this have been suggested. 

‘ See Dinikt’s polyteckn. J, 33S, 379-387, 4 Sa- 46 o (1880). 

* J. Chsm. Soe., 8x, 388-392 (1903). 
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iCjeldahP recdmmended the determination of the amount of reducing 
sugar produced by the action of a definite amount of the extract in ques¬ 
tion upon an excess of starch for a definite length of time at a definite 
temperature. 

Roberts* proposed the use of the number of cubic centimeters of a 
standard starch paste which would be converted into non-iodine-coloring 
material in five minutes at 40® by one cubic centimeter of the extract 
under examination, as a standard. 

Jungk* recommended measuring the time required for 10 cc. of extract, 
acting at 40®, to convert 10 g. of anhydrous starch into maltose. 

lyintner^ modified the Kjeldahl process so as to make it possible to 
calculate the diastatic strength upon the basis of the production of a 
constant quantity of maltose from a constant amount of soluble starch, 
expressing the ‘'diastatic strength" of the extract in terms of percentage 
of the strength of a standard diastase, of which 0.12 mg., acting upon a 
definite quantity of soluble starch for i hour at 21°, produced enough 
maltose to completely reduce 5 cc. of Fehling’s solution. 

Johnson® published a new form of the method, in which the amount of 
diastase necessary to digest a fixed amount of starch to no color with 
iodine in ten minutes at a temperature of 40® was determined. He found 
that the same measure of the velocity of reaction was obtained in this 
way as by a measurement of the quantity of sugar produced. 

Various other modifications of the Lintner process have been sug¬ 
gested from time to time and have recently been submitted to critical 
review by Sherman, Kendall, and Clark,® who recommended, as a result of 
their studies, the general adoption of 30 minutes as the time and 40® 
as the temperature for all digestions for the detennination of diastatic 
strength. Their investigations included comparisons of reaction-velocities 
as measured by the disappearance of iodine-coloring material and by the 
quantity of maltose produced. Later and more extensive studies of 
these two methods of estimation of diastatic strength by Sherman and 
Schlesinger’' emphasize the distinction between the amyloclastic and the 
saccharogenic activity of diastatic preparations and point out the rela¬ 
tionships which exist between these, and some of the advantages and 
disadvantages of the two processes. 

For the purposes of our investigations, it was very clearly the sugar- 
producing, or saccharogenic, power of the diastases of flour which it would 

* Loc. cit. 

^ Proc, Roy. Sac., 33, 145-161; abs. in J. Chcm. Sac., 40, 1051 (1881). 

^ Pharm. J. Trans., [3] Z4| 104-108; abs. in J. Chem. Soc., 46, 529^531 (1884). 

* J. prakt. Chem., (2] 34, 37^-394 (1B86). 

* This Journai., 30, 798-805 (1908). 

^ lUd., 33, 1073-1086 {1910). 

» Ibid., 35, 1784-1790 (1913). 
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be ol value to study, and we, therefore, decided to use the maltose produced 
by d^testion at 40^ for 30 minutes as themeasure of the reaction velocity 
or the **diastatic strength” of the extracts from the samples under in¬ 
vestigation. 

As a rapid and accurate method of measuring the maltose produced, 
the determination of the residual copper, after boiling a suitable aliquot 
portion of the solution with a definite volume of standardized Fehling’s 
solution, by titration by the iodine method, as perfected by Peters,* 
seemed promising, and upon trial proved thoroughly satisfactory. 

Hie process of preparing the portion of the extract used as a blank, 
and the solutions after digestion with soluble starch, for their action upon 
the standardized Fehling’s solution was that used by Swanson and Calvin 
in their investigation of the conditions affecting the activity of the amylo- 
lytic enzymes in wheat flour,* and was found to work very satisfactorily. 

Experimental Data. 

The object of this preliminary work was to ascertain whether the di¬ 
astases present in wheat-products could be quantitatively extracted at o®, 
in order that none of their catalytic power might be “used up” during the 
process of dissolving them from the material under investigation The 
plan of the work involved the digestion of weighed quantities of ground 
wheat, bran, and different grades of flom in water at 0° for varying lengths 
of time and the determination of the maltose-producing power of the re¬ 
sultant extracts. It was believed that, if the results should show a uniform 
diastatic power for extracts made at different lengths of time, and a 
uniform quantity of reducing sugars in the aliquot part of the extract 
used as a blank, the principle that the diastases are quantitatively ex¬ 
tracted, and that n6 diastatic action occurs during the extraction at that 
temperature, would be established. 

In order to facilitate computations of fractions resulting from taking 
aliquot parts, we decided to use 16 g. of material for each extraction. 
Swanson and Calvin* found that the maximum amylolitic activity was 
secured when flour and water were used in proportions varying from i : 4 
up to 1 : 10. We, therefore, decided to use 200 cc. of water for each 
extraction, this being a convenient volume for subdivision and not far 
outside the optimum limits just mentioned. 

Ordinary half-pint milk sample bottles were used to hold the materials 
during the extraction. These bottles were furnished with a tin cap held 
down by a spring clamp. To insure against leakage, a disk cut from 
thin rubber was placed tmder the cap before it was clamped down. In 
preparing the material for extraction, the charge of dry material was 

* See This Journal, 34 , 433-452 (1912). 

* Ibid,, 35, 1636-1637 (1913). 

* Loc. cit. 
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weighed into the bottle, the cover damped down and the bottle placed 
in the ice-water bath until its contents reached the desired temperature. 
The bottle was then removed from the bath, its stopper loosened, and 
200 cc. of redistilled water (previously cooled to o®) quickly pipetted into 
it. The cap was again clamped down and the bottle immediately returned 
to the ice-water bath. The filling of the several bottles of each series 
was so timed that all the desired periods of extraction would terminate 
at the same time, in order that all subsequent operations upon the ex¬ 
tracts might be carried on simultaneously. Each bottle was shaken 
vigorously at intervals during the extraction. 

At the expiration of the extraction period, the bottles were removed 
from the bath and their entire contents quickly poured upon large S and S 
folded filters. The first few drops which came through were usually 
cloudy, but by pouring back once or twice a filtrate clear enough for all 
practical purposes was easily obtained. Filtration was usually rapid 
enough so that a sufficient volume of extract for the necessary aliquots 
could be obtained in a few minutes and without serious rise in tempera¬ 
ture of the extract. (In working with materials which filter slowly the 
temperature might be kept down by placing the funnel in a jacket, such 
as is used for hot filtration, filled with ice-water; but this was not found 
necessary in any of our work.) As soon as a sufficient volume of extract 
was secured, it was at once warmed to 40®, the temperature at which its 
action upon stardi was to be ascertained, and two aliquots of 50 cc. each 
drawn out. To one of these N/io sulfuric acid was added, in such an 
amount that the resultant mixture would be a 0.02 N solution (this being 
the strength found by Swanson and Calvin to be the correct one) in order 
to stop all diastatic action. To the other aliquot, 25 cc. of a 10% solution 
of soluble starch (previously warmed to 40®) were added, and the mixture 
placed in an incubator, kept automatically at 40®, for exactly 30 minutes. 
At the expiration of this time, further action was stopped by bringing 
the mixture to a 0.02 A" sulfuric acid. In both the blank and the digested 
solution, the soluble proteins were precipitated with salt and phospho- 
tungstic acid, and the maltose in an aliquot of each determined, by the 
methods mentioned above. The results obtained in the first series of 
experiments, using ground wheat, ground barley, bran, and three different 
grades of wheat flour, calculated to the basis of i g. of original material 
in each case, are shown in Table I. 

As a further confirmation that the diastases were quantitatively ex¬ 
tracted from materials such as those under examination by diffusion 
into water at o®, we conducted another series of extractions using in each 
case, first, the material ground as for ordinary analyses, and, second, the 
same weight of material after grinding vigorously for ten minutes dn a 
mortar with an equal weight of sharp quartz sand. It would seem that 
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Tabus I.—Sbowmg Emtcr m DnmatEm lAmoraa or Tna or SxntAcrioN at o* 
upoK Diastatic SnumoTH or EmtACT. 

(i6 g. material, 200 cc. water, 50 cc. aliquots used.) 

Results cslculuted to 1 g. material. 


Material. 

Time of 
extraction. 
Hours. 

Copper re< 
dttced after 
digestion. 
Gram. 

C<mper 
reduced 
by blank. 
Oram. 

Copper 
due to 
enxyme. 
Oram. 

Maltose 

equivalent. 

Gram. 

Wheat. 

. 5 

0.454 

0.023 

0.431 

0.339 


3 

0.423 

0.016 

0.406 

0.319 


I 

0.422 

0.014 

0.408 

0.320 

Barley. 

. 5 

0 474 

0.038 

0 436 

0 342 


3 

0.465 

0.036 

0.429 

0.337 


I 

0.451 

0.023 

0.428 

0.336 

Bran. 

. 5 

0.468 

0.008 

0.460 

0.362 


3 

0.434 

0.005 

0.429 

0 337 


I 

0.451 

0.005 

0.446 

0 351 

Patent flour. 

. 5 

0.439 

0.015 

0.424 

0.334 


3 

0.451 

0.013 

0.438 

0.344 


I 

0.477 

0.013 

0 464 

0 365 

First clear flour. 

. 5 

0 445 

0.013 

0.432 

0 339 

• 

3 

0.436 

0.007 

0 429 

0.337 


1 

0.425 

0.005 

0,420 

0.330 

Second clear flour... 

. 5 

0.477 

0.024 

0.453 

0 356 


3 

0.474 

0.012 

0.463 

0 363 


1 

0.471 

0.007 

0.464 

0.365 


by this vigorous treatment the cell tissues would be so thoroughly ruptured 
that there could be no possible danger of incomplete solution of the dias- 
tases. Two check samples, prepared in this way, of several different 
materials were treated with water at o® for 1V2 hours and the diastatic 
strength of the resfiltant extracts determined as before, with the results 
shown in Table II. 


Tabi^r II.—Showing Effect of Grinding Material with Sand upon 
Diastatic Strength of Extract. 

Results calculated to 1 g. material. 


MateriaL 

Mode of 
preparation. 

Copper rc- 
ducM after 
<Hgestion. 
Grams. 

CopptT 
reduced 
by blank. 
Gram. 

Copper 
due to 
enzsrme. 
Grams. 

Maltose 

equivalent. 

Grams. 

Barley 

ordinary. 

. 0.459 

0.020 

0.439 

0.345 


ground with sand. 

.0.474 

0.015 

0.459 

0.361 

Wheat 

ordinary. 

. 0.498 

0.023 

0.475 

0.373 


ground with sand. 

. 0.477 

0.023 

0.454 

0.357 

Flour 

ordinary. 

.0.449 

0.015 

0.434 

0.341 


ground with sand. 

. 0.436 

0.015 

0.421 

0.331 

Shorts 

ordinary. 

. 0.963 

0.012 

0.953 

0.736 


ground with sand. 

. 0.907 

0.020 

0.887 

0.682 

Malt 

ordinary. 

. 8.433 

0.033 

8.400 

6.460 


ground with sand. 

. 8.433 

0.035 

8.398 

6.459 
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These data dearly indicate a complete extraction of active diastases 
at o®. The diastatic strength of the extracts obtained after grinding with 
sand was sometimes slightly greater and sometimes slightly less than that 
from the sample prepared in the ordinary manner, indicating that the 
differences were due to lack of uniformity in the original samples and not 
to unequal extraction of the active diastases. In other work on similar 
samples, we were able to make tliese differences almost completely dis¬ 
appear by long-continued mixing of the material before weighing out 
samples for the determinations. The extractions for five hours show some¬ 
times a slightly higher, and sometimes a slightly lower, activity than those 
for one or tliree hours, indicating that these differences are due to slight 
variability in the sample or some similar cause, and not to the length of 
time of extraction. 

In each case, a slightly larger amount of redudng sugar was found 
in the blanks from the longest period of extraction. This might be due 
either to slight hydrolysis of starch during the extraction, or to slow solu¬ 
tion of the reducing sugars in water at this low temperature. It was later 
ascertained that the sugar in the blank would vary if the proportion of 
water to material used were varied, while the diastatic activity per gram 
of material remained practically constant, even though the dilution were 
doubled or tripled. This clearly indicates that the variation in reducing 
sugars in the blank is due to gradual solution of the sugars in the material 
at the low temperature used, and not to diastatic action during tlie ex¬ 
traction. Further, it was found that the filtered extract could be kept 
for some hours at the temperature of ice-water without any increase in 
its sugar content, indicating either that tliere is no diastatic action at this 
temperature or that no soluble carbohydrates which can be hydrolyzed 
by the enzymes present are extracted from tliese materials at 0°. 

In order to be certain that the maltose found was wholly due to di¬ 
astatic activity, and not to hydrolysis by reagents used in the process or 
to any other cause, another set of extractions for varying lengths of time 
was made, using the same samples of ground wheat and barley as in the 
first series. The only variation in the process was that, just before taking 
the aliquots of the filtered extract for estimation of its diastatic strength, 
it was boiled for lo minutes. The results obtained are shown in Table 11. 

Table III. —vShowinc. Effect of Boiling Extracts upon their Diastatic 

Strength. 


Material. 

Time of 
extraction. 
Hours. 

Copper reduced 
by blank. 

Gram. 

Copper reduced by solution 
from boiled extract digested 
with 2.5 g. starch. Gram. 

Barley.... 

. 2 

0 033 

0.030 


] 

0.030 

0.029 

Wheat ... 

. . . 2 

O.OIO 

0 on 


I 

0.009 

O.OIO 
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These results prove conclusively that the hydfolysis of starch to maltose, 
during the digestion for 30 minutes at 40° in the first series of experiments, 
was due to the presence of diastases in the extracts under investigation. 

Satisfactory results having been obtained with barley and wheat products, 
it was decided to study the applicability of the process to barley malt. 
Since mall would certainly contain larger proportions of active diastases 
than the other materials which had been studied, it was obvious that smaller 
original weights of material or smaller aliquots of the extract, or both, 
would have to be used in order to keep a sufficient excess of hydrolyzed 
starch in the mixture during the digestion period. Several preliminary 
trials resulted in complete hydrolysis of the starch, even when as much 
as 5 g. of soluble starch were used with comparatively small aliquots 
of the extracts. Finally, a new set of extracts was made, using 8 g. 
malt to 200 cc. water, and a series of mixtures containing 2.5 g. of 
starch and i cc,, 2 cc., 5 cc., and 10 cc. of the extract, respectively, were 
digested at 40® for 30 minutes and the resulting solutions tested with iodine. 
The solution containing 10 cc. of extract gave no color, that with 5 cc. 
a puplish red, and those with 2 cc. and i cc. a clear blue. It appeared 
from this that the limit of the reaction would not be reached by using 5 cc 
of the extract from this particular sample of malt and that 2 cc. of ex¬ 
tract would probably bring the conditions within the limits required to 
insure the operation of ‘‘Kjeldahrs law of proportionality. 

Accordingly, extractions were made at o® for varying lengths of time, 
and in varying volumes of mixture of malt and water, upon two different 
samples of malt, and digestions of varying aliquots of the resultant ex¬ 
tracts with starch carried on as described above. Some typical results 
of these determinations are presented in Table IV. 

In connection with these data, attention should be called to the fact 
that the very large amount of maltose produced by the action of a very 
small aliquot of the original extract made it necessary to use a very small 
fraction of the final solution for the reduction with Fehling’s solution. 
The aliquot of the residual copper solution which was finally titrated 
with thiosulfate solution corresponded to from o.oi g. to 0.00625 
g. of original malt. Consequently, any slight variation in reading 
the end point was magnified from 100 to 160 times in calculating the 
results to the basis of i g. of malt. 

With this fact in mind, the data in the table clearly show that complete 
extraction of the enzymes is obtained in a period of one hour or longer. 
In no case did the three-hour or five-hour extractions give significantly 
greater **diastatic strength,'* as shown by the maltose equivalent of 
I g. malt, than was obtained by extracting for only one hour. In 
some cases, the maltose equivalent was slightly higher in the one-hour 
extract than in those of longer periods, indicating that the differences 
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were due to experimental error in making the solutions, or to sGght varia- 
tions in composition of the malt. In those cases where the extraction 
period was shortened to 30 minutes, one of which is included in the table, 
somewhat lower diastatic strength was always obtained, than in the 
longer extractions carried on under otherwise identical conditions. It 
appears, therefore, that this period of extraction is not quite sufficient 
for complete solution of the diastatic enzymes from materials ground 
to the customary fineness for analysis. 

Table IV. —Showing Results of Application of Proposed Method to Estimation 
OF Diastatic Strength of Barley Malt. 

Results calculated to 1 g malt 


Sample 

No. 

Weight 

taken. 

Grams. 

Water 

used. 

Cc. 

Time 

of 

extrac¬ 

tion. 

Hours. 

Aliquot 
of ex¬ 
tract, 
used. 

Cc. 

Copper 

reduced 

after 

digestion 

Grams. 

Copper 

reduced 

by 

blank. 

Grams. 

Copper 
due to 
enzyme 
Grams 

Maltose 

equivu 

lent 

Grams 

1 

8 

200 

5 

5 

8 330 

0 090 

8 240 

6 3(JO 


8 

200 

3 

5 

8 120 

0 085 

8 03.S 

6 140 


8 

200 

1 

5 

8 120 

0 085 

8 035 

6 140 


8 

200 

'/2 

5 

7 670 

0 070 

7 600 

5 820 

I 

4 

100 

5 

5 

7 

0 090 

7 750 

5 940 


4 

100 

3 

5 

7 950 

0 085 

7 865 

6 010 


4 

100 

1 

5 

8 060 

(» 085 

7 975 

6 120 

I 

4 

1 <X> 

5 

2 

10 640 

0 090 

10 550 

8 170 


4 

100 

3 

2 

10 260 

0 085 

10 175 

7 865 


4 

1 (X) 

1 

2 

10 080 

0 085 

9 995 

7 730 

1 

4 

lOO 

5 

^ + i* 

8 625 

0 090 

8 535 

6 570 


4 

UK) 

3 

■! + 3 * 

8 510 

0 085 

8 425 

0 485 


4 

ICK) 

1 

+ 3 * 

8 510 

0 085 

8 425 

f> 485 

2 

16 

2CK) 

5 

2 

2 620 

0 150 

2 470 

I 935 


16 

2(X) 

3 

5 

2 042 

0 142 

I 900 

I 485 


j() 

2CX) 

I 

5 

- 097 

0 117 

I 980 

« 549 


It will be noted that the maltose equivalent per gram of sample was 
considerably higher when only 2 cc. of the extract were used for the di¬ 
gestion than when 5 cc. were used. This is in harmony with the results 
of Brown and Glendinning and the assumption of Kjeldahl mentioned in 
an earlier part of this paper. Evidently, 5 cc. of these extracts hydrolyzed 
the starch used past the limit of 60% of unchanged stardi considered by 
Kjeldahl as necessary to insure the operation of the “law of proportion¬ 
ality.** Further confirmation of this fact is found in the series in which 
the stardi was first digested for 30 minutes with 2 cc. of extract, then 
3 cc. more of extract added and the digestion continued for another 30 
minutes. The maltose obtained in this way exceeded that obtained by 
using 5 cc. for 30 minutes, but did not nearly approach the equivalent 
♦ 2 cc. digested 30 minutes, then 3 cc. additional added and digested again for 
30 minutes. 
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amoimt pm gram of malt obtained ifibeti onljr a ce. of extract anted for 
jo^ttintites on the same amotmt of starch. 

Since the extracts obtained by treating these various materials with 
water at o® obey all the known laws of diastatic action, and since the di- 
astatic strength of the extracts, as measured by maltose produced from a 
Urge excess of starch, is the same whether the extraction be continued 
for one, three, or five hours, we conclude that this method of operation 
insures a quantitative extraction of the diastases present in vegetable 
tissues ground to the customary degree of fineness for ordinary analyses. 
We plan to use this method in our further investigations, and suggest 
it for trial by other workers engaged in similar studies. 

Directions for Use of the Proposed Method. 

Prepare the sample whose diastatic strength is to be tested in the 
same way as for any of the common analytical processes. Weigh a suitable 
charge, preferably i6 grams or some even fraction thereof, into an 8 oz. 
wide-mouthed bottle having a water-tight stopper, and immerse the 
bottle and its contents in ice-water until its temperature reaches approxi¬ 
mately o®. Pipet into the bottle 200 cc. of pure distilled water (re¬ 
distilled if necessary to insure complete freedom from acid or salts) pre¬ 
viously cooled to o®. Stopper the bottle tightly and immerse it in ice-water 
for one to two hours, shaking vigorously at fifteen-minute intervals. At 
the expiration of the extraction, pour the contents of the bottle quickly 
upon a l^ge folded filter, pouring back the first few cubic centimeters 
of cloudy filtrate until the extract comes through fairly clear (a perfectly 
clear filtrate at this point is not absolutely necessary). If filtration 
should be so slow as to make any considerable rise in temperature of the 
contents of the filter or of the filtrate probable, place the funnel in a water- 
jacket filled with ice-water and immerse the receiver in ice-water. 

The diastatic strength of the extract should preferably be determined 
at once. If this is not convenient, however, the extract must be kept at 
a temperature of approximately o® until the operator is ready to proceed. 

In working with materials rich in diastatic enzymes, it is desirable 
to make a preliminary test of the approximate amount of starch which will 
be hydrol3rzed by various aliquots of the extract when digested under the 
standard conditions, in order that the final determination of maltose- 
producing power may be made with such proportions of volume of extract 
and starch that not more than 40% of the starch taken will be hydrolyzed 
during the digestion period. This preliminary test is easily made by 
measuring the same volume of starch solution that is to be used in the 
final digestion into each of several test tub^, warming these to 40® then 
adding varying volumes, say i cc., 2 cc., 5 cc., and 10 cc. of the extract, 
and carrying cm the digestion for 30 minutes at 40®. At the end of this 
time, the solutions are tested with iodine and the one whicdi gives just 
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a faint trace of blue color is regarded as showing the approximate limit of 
stardi-hydrolyzing power of the extract. For the final determinatipn^ a 
volume of extract amounting to approximately 40% of that found as this 
limit in the preliminary test should be used. 

To determine the maltose-producing power of the extract, first wirm 
the starch solution which is to be used^ to 40®, then pipet the volume 
of it which corresponds to 2.5 grams of anhydrous starch into a 100 cc. 
graduated flask. Place this flask in the constant temperature oven kept at 
40®. Now warm the extract quickly to 40® and pipet the proper volume 
of it, as found by preliminary test, or 25 cc. in the case of the common 
cereals, into the flask containing the starch. Place this flask in the con¬ 
stant temperature oven and immediately pipet another aliquot of the 
extract into a graduated flask and add standard sulfuric acid to it in such 
a quantity that when filled to the mark the solution will be 0.02 N acid. 
This solution then constitutes the blank for the determination of reducing 
sugars already present in the extract. At the expiration of exactly 30 
minutes from the addition of the extract to the starch solution, remove 
the flask from the oven and immediately stop the action by adding sulfuric 
acid of such strength and amotmt that the solution when brought to the 
mark will be 0.02 N acid. 

To determine the amount of reducing sugars present in the blank and 
in the digested starch-extract mixture, cool both to room temperatme and 
see that they are made just to the 100 cc. mark; then draw off 50 cc. of 
each solution and transfer it to another loo cc. flask; add 25 cc. of a 4% 
solution of salt and 5 cc. of a 10% solution of phosphotungstic acid, make 
to the mark and shake vigorously. This precipitates the soluble proteins 
which would otherwise affect the Fehling’s solution. After standing a few 
minutes the precipitate usually settles, leaving a clear supernatant liquid, 
an aliquot of which can be drawn off for the estimation of its reducing 
sugar content; if it does not settle dear, it must be filtered through a 
quantitative filter before taking aliquots. 

The Fehling's reduction may conveniently be carried out in a 200 cc. 
graduated flask, in order to avoid the necessity of filtering and washing 
the precipitated cuprous oxide. The small volume occupied by the 
precipitate does not appreciably affect tlie volume of liquid in the flask, so 
that an aliquot may be taken for titration of the residual copper. Measure 
accurately into the flask 25 cc. of the Fehling's copper solution, add 25 cc. 
of the alkaline tartrate solution and 50 cc. of water; heat to boiling and 
then add 25 cc. of the dear filtrate from the protein-precipitation of the 
^solutions under investigation; bring again to boiling and boil for exactly 2 
minutes. At the expiration of the 2 minutes, add cold water nearly to 
' For the method of preparing soluble starch suitable for this purpose, see the 
artide by Sherman and Kendall previously referred to 
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the mark and cod the contents of ih^ flsu^ quickly to room temperature 
and complete the volume to 200 cc. and mix thoroughly. After standing 
a few minutes the precipitate settles so clearly that 50 cc. of the clear super¬ 
natant liquid can usually be pipetted off for titration of the copper which 
it contains; or the supernatant liquid may be pomed through a quantitative 
filter and 50 cc. of the filtrate pipetted for the titration. The titration 
should be carried out as recommended by Peters in the article referred 
to above. At the same time, another 25 cc. of Fehling’s solution should be 
accurately measured into another 200 cc. flask, the volume made up to the 
mark, and a 50 cc. aliquot pipetted out and titrated for its copper con¬ 
tent. The difference between the thiosulfate used for the titration of 
this 50 cc. and that obtained from the reduction by the solution under 
investigation gives the thiosulfate equivalent of one-fourth of the copper 
reduced by the sugar in the aliquot used for the reduction. From these 
data the maltose content of the digested solution can be computed. From 
this should be deducted the reducing sugars, calculated as maltose, found in 
the blank from the same volume of extract as was used for the starch di¬ 
gestion. This gives the maltose produced by the action of the diastases 
in the volume of extract used. The equivalent amount of maltose re¬ 
duced by the extract from i gram of material can then be calculated, or 
the data used to calculate the “diastatic strength^' of the material to any 
other basis of comparison which may be selected. 

Division of Aoricutural, Cusmxstry, 

Aor. Exft Station, St Paui,. Minn 


THE ELIMINATION AND RETENTION OF ARSENIC AS DETER¬ 
MINED BY THE KOCH-NORTON METHOD. 

By R. Adams Dutcher and Matthew Stsbl. 

Received January 14, 1914. 

A great majority of the investigational work on arsenic feeding and 
poisoning has been done from the physiological and pharmacological 
standpoint. It had been noticed by Hunter, Brodie and Home^ that 
arsenic, when applied to abraided surfaces, passed to the stomach where 
a specific action was noted. There are many contributions by Rutter, 
Hugo,* Eulenberg, Geis,^ and others on the physiological action of the 
drug. Also Esser, Bintz and Arakie^ have studied the action of arsenic 
on the tisvsue. Orfila, Scolosuboff,^ Ludwig^ and Chittenden® have worked 
on the elimination and retention of the drug. 

^ '"Poisons, Their Effect and Detection.Blyth, 1906. 

*Ibid, 

* "tlber den Einfluss des Arsens auf den Organismus,*' Arch. Path. Pharm., 8, 182. 

* BuU. soc. ckim. belg., 24, 124. 

* Med. Jahrbuch., 1880. 

* Am. Chem. $, 8. 
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As Ekeley' and others have shown, there is a decided disagreement 
in the results obtained by the different investigators who have worked 
on the retention of arsenic in the body. ScolosuboflF found the arsenic 
to be deposited in the largest amount in the spinal marrow; the brain, 
liver and muscles came next in order. Ivudwig, on the other hand, found 
that the arsenic deposit ran in the following order: liver, kidney, muscle 
and brain. Chittenden found the greatest amount in the intestines, 
and the liver, lungs, spleen, stomach and gullet followed in their respec¬ 
tive order. 

Having used, with much satisfaction, in toxicological work, the Koch- 
Norton method® for the quantitative determination of arsenic in the 
presence of organic matter, the writers thought that it would be of inter¬ 
est to conduct a short experiment using this method. The method is 
quite rapid compared to the gravimetric methods and consists essentially 
in a modification of the Gautier method for the destruction of the organic 
matter and the subsequent titration of the arsenic with a very dilute 
iodine solution. 

Two dogs were used in the experiment. Dog A was fed 35 milligrams 
of arsenic trioxide and was killed 24 hours after feeding. The organs were 
weighed, and analyzed according to the Koch-Norton method. No 
elimination took place between the time of feeding and killing, conse¬ 
quently all of the arsenic was retained in the body. Upon opening the 
body, the digestive tract and bladder were found to be absolutely empty, 
due to the 48 hour fast that the animal underwent previous to the feed¬ 
ing of the drug. 

Dog B was also fed 35 milligrams of arsenic trioxide, but was fed and 
watered in a metabolism cage for 20 days. Urine and feces were collected 
daily and analyzed. It was found at the end of 20 days that 71% of the 
arsenic had been eliminated in the urine. In no case, throughout the ex¬ 
periment, was it possible to find arsenic in the feces. On the 2 ist day Dog 
B was killed and the same analyses were made as in the case of Dog A. 

. The urine samples Were evaporated to moist dryness and the organic 
matter destroyed with as small amount of sulfuric acid as possible. In 
some instances small amounts of nitric acid were added to assist in the 
oxidation. When nearly all of the sulfuric acid had volatilized, each 
sample was made up to volume and aliquot parts were taken for analysis. 
The portions were neutralized with sodium bi-carbonate and titrated with 
iodine^in the usual manner. 

The iodine solution was very dilute and was standardized against re¬ 
sublimed arsenic trioxide. One cubic centimeter of the iodine solution 
‘ This Journai,, 35, 483. 

* Ibid,, 27f 1247. 
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was made equivaleitt to 0.00034 g. of AsiQi. Blanks were run in tv&ty 
case* on the reagents. 

In the case of the vital organs and feces» a different procedure was neces¬ 
sary. The weighed samples were placed in large casseroles and covered 
with nitric add. A few cubic centimeters of sulfuric add were added and 
the mixture was allowed to digest on a steam bath. It was necessary 
to exerdse care at this point in order to prevent loss of sample due to 
rapid oxidation. Stirring was found to be necessary during the first 
, part of the heating. 

After the add mixture had completdy liquefied, it was allowed to 
evaporate to a syrupy consistency, care being taken to prevent carboniza¬ 
tion. The liquid was finally heated over a small flame to drive off the 
nitric acid. Upon dilution with hot water, filtering and washing, the 
arsenic was dissolved and removed from a large part of the organic matter. 
The filtrate was evaporated to small volume, digested with sulfuric acid 
in Kjddahl flasks and the arsenic determined as in the urine samples. 

The following tables show the order in which the arsenic was retained in 
the various organs: 

Tablb I-—Showing Per Cent. AS2O8 in the Organs. 

Dog A Dog B. 

24 hours after feeding. 20 days after feeding. 


I. 

Spinal cord. 

.. 0.0017 


1 Heart. .. 



2. 

Heart. 

0.0011 

' 

Brain.... 


.0.0004 


[ Muscle. 

.. 0 0010 


Liver.... 


. 0 0002 

3 * 

[ Brain. 

. 0 0010 


Intestine. 


. 0.0002 

4 - 

Iriver. 

0 0009 

2. ’ 

Spinal cord.. 

. 0.0002 


1 Intestine. 

., 0.0008 


Spleen . 


.0.0002 

5 * 

[ Spleen. 

0 0008 


Muscles . 


.... 0.0002 

6. 

Stomach. •... 

.. 0.0006 

3. 

Kidney. . 


. 0 OOOT 


( Lung. 

. 0.0004 

Stomach 



7 * 

1 Kidney. 

.. 0.0004 


Lung 


I^Ionc 

8. 

Blood. 

.. 0.0002 


Blood 



9 . 

Skin. 

.. 0.0001 


Skin J 




Tabi^e II.—Showing Grams AssOg Retained in the Organs. 


Dog A. 




Dog B. 


p 4 hour# after feeding. 


20 days after feeding. 

1. 

Muscle (305 g.). 

.. 0.0030 

1. 

Muscle (268 g.).0.0005 

2. 

Liver. 

.. 0.0027 

2. 

Liver.. . 



3 . 

Intestine. 

. 0.0017 

3 * 

Intestine. 



4 * 

Blood. 

. 0.0016 

4 - 

Heart.... 



5 * 

Skin. 

.. 0.0014 

5. 

Brain.... 


. 0.0003 

6. 

Heart. 

.. 0.0009 

6. 

Kidney 



7 - 

Stomach. 

. 0.0007 

7. 

Lung 


« 

8 . 

Brain. 

.. 0.0007 

8. 

Spleen 



9 * 

Spinal cord. 

.. 0.0003 

9. 

Skin 


.None 

lO. 

Spleen. 

. 0.0003 

10. 

Stomach 



11. 

Lung. 

. 0.0003 

11. 

Blood 



12. 

Kidney. 

.. 0.0001 

12. 

Spinal cord 
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As was expectedi no arsenic was eUminated at any time in the feces. 
The arsenic that was not eliminated was absorbed rapidly by the tissues. 

The elimination ceased to be quantitative so far as the Koch-Norton 
method was concerned, when about 71% of the arsenic had been elimina¬ 
ted. 

Our results indicate that, when arsenic is not fed in sufficient amount 
to disturb metabolism, it is eUminated in about 15 days. 

Although the total weight of muscle was not known, the analyses show 
that the muscles retained the largest amount of arsenic in grams. 

In the case where the dog was killed 24 hours after feeding, the arsenic 
was found in the largest'quantity in the muscle, liver and intestine, in 
their respective order. The same holds true after an elimination of 21 
days has taken place. 

When the dog was kiUed 24 hours after administration of the poison, 
the blood holds fourth place and the skin fifth place in retention of the 
drug. After an elimination of 21 days they have had sufficient time to 
eUminate the arsenic to the point where it could not be determined by this 
method. 

Another interesting fact is brought fortli in the table on grams of arsenic 
retained, namely that the heart, although one of the smaller and least 
heavy organs, holds sixth place 24 hours after feeding and fourth place 
at the end of 21 days. 

The spleen, spinal cord, lung and kidney are lowest in grams of arsenic 
retained in both cases. Of course the last mentioned organs hold higher 
positions in the percentage table but owing to their small weight tliey do 
not play an important part in the storing up of the drug in the system. 

The tendency of tlie blood and tlie skin is to eliminate the poison as 
rapidly as possible, 

Dspajrtmsnt of Physioloov, Univbrsity op Missouri. 


NEW BOOKS. 

Vom Kohlenstoff. Vorlesungenen fiber die Grundlagen der reinen und angewandten 
Chemie. By Henri LECHATEiyiER. Translated by Barschall with a preface 
by F. Haber. Halle; W. Knapp, 1913. xiv -f 324 PP- Price M. 18. 

This interesting volume is a translation of the first eighteen lectures 
of I^Chatelier’s coiurse in general (f. e., physical) chemistry. They ap¬ 
peared in French in 1908, and the changes from original are very few in 
number. 

In his preface, the author calls attention to the difference between the 
traditional modes of instruction in physics and in chemistry. In tlie former 
science, we deal with facts that can be generalized, and omit the details 
concerning single substances. We teach the laws and relaCons, and omit 
the numerical values of densities, specific heats, and other constants. 



774 


bCKHtS. 


Perhaps the tendency to abstractness is carried too far, but the strictly 
scientific character of the method of instruction is on this account all 
the more prominent. In chemistry, the opposite course is pursued. In¬ 
dividual experiments, specific reactions, densities and colors of substances, 
yields, methods of analysis, and technical processes follow one another 
in endless profusion. The lecture is filled with priceless raw materials 
for making a science, but the science remains unmade. Chemical dynamics 
may be discussed, but it is not permitted to overflow its own chapter and 
affect the dogmatic and scrappy treatment of the other topics. 

The author remarks that these methods of instruction in inorganic 
chemistry have remained unchanged for seventy-five years. This was, 
and is still doubtless true of France, Germany, and Great Britain. But 
in the United States the adjustment to a more rational plan had been in 
progress for many years, and after 1905 began to spread very rapidly. 

As we read, we get the impression that we are about to enjoy the perusal 
of a work on chemistry, constructed on the physics model, yet intended for 
beginners. But the author, after all, does not attempt this difficult feat. 

The lectures are evidently intended for advanced students. They 
constitute a brief treatise on the modem principles of chemistry. They 
differ from other similar treatises in that the subject is developed in con¬ 
nection with a systematic study of carbon and its inorganic compounds, 
and is ingeniously interwoven with the descriptive matter. Special at¬ 
tention is given also to the industrial processes into which carbon and its 
simpler compounds enter. Thus, Moissan’s experiments on the artificial 
preparation of the diamond lead to the discussion of the electric furnace. 
The various commercial uses of this furnace are described in some detail 
as they occur. The'diamond also introduces color and brilliance, and their 
physical causes, the relative transparence of diamonds and lead glass for 
X-rays and the recognition thereby of genuine stones, and the theory of 
hardness and the methods of measuring it. Hardness, in turn, leads to 
a statement of the laws of equivalent and additive qualities. The former, 
like temperattires and hardnesses, can be compared and reproduced, but not 
measured. The latter, like weights, are additive and can therefore be 
measured. Similarly the densities of the three varieties of carbon suggest 
a discussion of the variability of constants like the densities, elasticities, 
and tenacities of metals when the specimens have been treated in different 
ways. This illustration is sufficient to show the plan on which the whole 
subject is worked out. The style is clear, and the treatment suggestive 
and interesting, as well as novel. Alexander Smith, 

Handbuch der Mineralchemie. Doeltsr, H al Pts. 3 and 4, Vol. II. Bogen (21-40). 

Theodor Steinkopff, Dresden and Leipzig. Price, M. 6.50 each. 

Herein are treated those minerals of which the meta- and orthosilicates 
of magnesium, calcium and iron are regarded as the chief constituents. 
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The strictly chemical knowledge is confined almost entirely to analyses 
and natural alterations of the minerals. The mass of complex analyses 
of substances^ like the p3nroxenes and the amphiboles especially, may well 
stagger the chemist who is imfamiliar with mineralogy. Questions of 
formulas and constitution lead only to bewilderment. One feels that the 
ground must be cleared and drained before this virgin field can be satis¬ 
factorily cultivated. The subject is necessarily treated much in the manner 
of the mineralogist. However, the arrangement is* more strictly chemical, 
the paragenesis is given in greater detail, formulas and constitution are 
more fully discussed and the most recent data are given. The discussion 
on p. 635 of Pt. 4 sho^ how far we are today from a proper understand¬ 
ing of the relations of the numerous constituents in the amphiboles and 
how important to this understanding syntlietic investigations must be. 
Some inexcusable inconsistencies are found in these pages. For instance, 
the melting points of tremolites and other amphiboles are given on p. 
633, pt, 4, while on p. 635 it is stated that amphiboles are transformed 
into pyroxenes without melting. On pp. 451 and 457, pt. 3, Doelter 
doubts the results of other investigators on the transformation of calcium 
meta-silicate (at 1190°), and remarks that natural wollastonite (the lower 
form of this silicate) may be heated to 1240® at least, if %i is heated very 
slowly and for a long time. These conditions, of course, favor the change 
at the lowest possible temperature. Here as in previous ^'hefts^' of this book 
misprints are not uncommon. Slight errors in the spelling of authors* 
names are of no great consequence, but errors in numerical data which I 
have noticed in several instances are much more serious. It is to be hoped 
that mistakes in data and references are unuvsual, since the chief value of 
the books rests on these. 

The same. Pt. 2, Vol. III. Bogen (ii 20). Price, M. 6.50. The 
contents of this *‘heft** possesses great variety and more chemical data tlian 
the above. Minerals containing the rare elements of the third, fourth 
and fifth groups of the periodic system are considered, together with a 
good deal on analytical procedure. Native tin, lead, their oxides and the 
thorium minerals are included. In connection with the last is a section 
on radioactivity and its significance for mineral chemistry by St. Meyer, 
of Vienna. The natural nitrates, especially Chili saltpeter, their occurrence, 
composition and theories concerning their formation are discussed, and 
a considerable body of physico-chemical data is given. The phosphates 
also are begun in this ‘‘heft.** E. T. Allicn. 

Quantitative Chemical Analysis. Adapted for Use in the laboratories of Colleges and 
Technical Institutes. By Frank Clowes. D. Sc Loud., and J, Bernard Coleman, 
A. R. C. Sc, Dublin. loth ed. 577 pp. P. Blakiston’s Son & Co., Philadelphia. 
1914. Price, $3.50 net. 

The present edition of this text has been carefully revised and certain 
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new matter introduce *'whkii indudes a new form of oven for drying 
at constant temperature; the anal3rsis of commerdal aluminum and bauxite; 
additional methods for the estimation of tiitanium in iron ores, of phos¬ 
phorus and manganese in iron and steel, and of moisture in coal; and a 
recent method by Blichfeldt for the detection and estimation of foreign 
fats in butter.** 

The text is comprehensive in its scope. After a discussion of the tech¬ 
nique of chemical analysis and a presentation of the standard methods 
of gravimetric and volumetric analysis, a large number of technical pro¬ 
cedures are given in detail. These include the analysis of such materials 
as the most important minerals and ores, alloys, water, fuels, foods, 
oils and fats, soap and gases. 

The directions are dear and condse, without having been too much 
curtailed, and are preceded by a discussion of the principles involved in 
the method. The printing and the illustrations are good, and the text 
free from typographical errors. 

The omission of several methods of analysis that have become standard, 
is unfortunate. Among these are the modified Kjeldahl method for use 
in the presence of nitrates, the colorimetric determination of titanium, 
volumetric methods for the determination of phosphorus in iron and steel, 
and the use of the Orsat apparatus. 

Many teachers will object to writing ‘*Am** for the ammonium radical 
in the formulas of ammonium hydroxide and ammonium salts. 

For use in American laboratories the bibliography could be profitably 
extended, particularly with reference to some of the bulletins of the United 
States Government. 

These are minor details, however; the text is an excellent one for the 
teacher, the student, or the analyst. That it has found a place among the 
standard works on quantitative analysis is evidenced by the appearance of 
three editions during the last four years. James H. Walton, Jr. 

Chemistry, Inorganic and Organic. By Charles Loudon Bloxam Tenth edition, 
rewritten and revised by A. G, Bloxam and S. J. Lewis, Philadelphia: P. 
Blakiston's Son & Co. pp. xii -f 878, 24.5 X 15 cm. Price, $5.50 net. 

All chemists will welcome the appearance of the tenth, revised, enlarged, 
and largely rewritten edition of this well known book. The number of 
pages remains the same, but the t)rpe-page has been enlarged so that the 
amount of reading matter is twenty-eight per cent, greater. The book 
as it now stands contains introductory matter (13 pp.) which is very con¬ 
densed, non-metallic elements (280 pp.), general principles and physical 
chemistry (60 pp.), metallic elements (180 pp.), organic chemistry (285 pp.) 
and index (56 pp.). No other work on the science embraces, in one volume, 
ixiformation which is so varied, so well proportioned and so complete. 
The names of the revisers guarantee due attention to processes and prin- 
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ciples of techsiical interest, while modem views have not been neglected. 
Tlie book will be found to offer a valuable work of reference alike for 
teachers, students, and industrial chemists. 

In the descriptive portions, many of the less common compounds are 
discussed, as well as the well known ones. In the theoretical portion the 
modern principles are set forth briefly but clearly. The organic section 
constitutes, in itself, an admirable elementary treatise on the subject. In 
the letter, aromatic and fatty compounds are treated together, general 
matters such as boiling points, freezing points and specific volumes of the 
various series of compounds receive attention, and special topics such as 
the constitution of benzene and stereoisomerism are discussed fully. 

There are some features which one would have wished to see improved. 
Valency is first stated to be a form of chemical energy, although later the 
correct view is presented. Chlorine-water bleaches even in the dark 
‘‘because the coloring matter, being ready to combine with the oxygen, 
exerts attraction on the oxygen of tlie water, etc.,” and not because it 
contains hypochlorous acid whether it is illuminated or not. That chlorine, 
hydrogen chloride, and other substances form hydrates is mentioned in 
each case under the physical properties. That the vapor of the calomel 
has been shown to consist wholly of mercury and mercuric chloride seems 
to have escaped notice. Slight blemishes like this, however, are more than 
offset by the much more numerous instances in which the sound views and 
recent results are given. The chief fault is the common one, namely that 
the principles are confined to their special section and do not affect the 
systematic treatment. Thus, complex ions are discussed (p. 331) and 
reference is made to cobalt compounds (p. 458). But on the latter page, 
the formulas given indicate nothing more definite than ammonia of crys¬ 
tallization. Similarly, imder potassium ferrocyanide, whicli is treated 
in the organic section, the only reactions discussed are those which might 
('haracterize a double salt, and under cuprous chloride we learn that it 
dissolves in solutions of alkali chlorides giving soluble double chlorides 
such as CuCl, 2KCI. The uninstructed reader is little likely to get cor¬ 
rect views from such antiquated and largely misleading ways of presenting 
the facts. Alexander Smith. 

A New Era in Chemistry. By Harry C. Jones. New York. D. Van Nostrand 
Company, 1913. pp xii 326. 14 X 20 cm. Price, $2.00 net 

The new era referred to in this title begins with 1887, the year of the ap¬ 
pearance of the first volume of the Zeitschrift fur physikalische Chemie, 
and the scope of the work can best be indicated by quoting the titles of 
its twelve chapters: Condition of chemistry in 1887; development of 
the Ihw of mass action; the energy changes that take place in chemical 
reactions; van’t Hoff, LeBel and Guye and the origin of stereochemistry ; 
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the phase ruk of Willard Gibbs; ehemical dynamics of vaii*t Hoff and 
chemical equilibrium of Le Chatelier; the role of osmotic pressure in the 
analogy between solutions and gases; Arrhenius and the theory of elec¬ 
trolytic dissociation; the solvate theory of solution and the importance 
of solutions for science in general; the work of Wilhelm Ostwald in inaugu¬ 
rating the new era in chemistry; investigations by the students and co¬ 
workers of Wilhelm Ostwald; the electron and radiochemistry. 

This is a very readable hpokf the style being somewhat conversational, 
like that of a lecturer talking in a friendly way to a small class. Some of 
the evils of this style are occasionally noticeable in the way of repetitions, 
more necessary in lecture notes than in a printed book; but this makes 
the reading the more easy. One is occasionally roused to refocus one's 
consciousness, however, as when the eye encounters a paragraph on p. 
253i whose first sentence reads: “ Osmotic pressure is the cause of diffusion;" 
and whose last sentence runs: “Set these [lead cylinders] aside for a few 
years, when it was found that the gold had penetrated the lead to a depth 
of several millimeters." But in general the reading is perfectly com- 
fdrt^ble, and those who would cavil at questions of emphasis or sins of 
omission should remember that everyone is entitled to his own viewpoint. 
One of many possible suggestions would be that it might be helpful to 
introduce the idea of concentration in dealing with the law of mass action. 

The contents are necessarily a little too technical to appeal to the gen¬ 
eral reader or even to the beginner in chemistry without some previous 
knowledge of the subjects dealt with; but the book should be useful to 
those more advanced and discriminating students of chemistry who 
would willingly be reminded, informally and with not too much effort 
on their own part, of a number of things that they studied in their more 
formal text-books; and to such students the book may be recommended. 

Alan W. C. Menzies. 

The Use and Care of a Balance. Peter J. Kayser. The Chemical Publishing Co 
Easton, 1913. 42 pp. Price, 75 cents. 

The author of this little book has had fourteen years of experience in 
making and adjusting analytical weights under an eminent maker, and 
ten years’ experience in visiting laboratories as an adjuster of balances 
and weights. He carefully describes the process of setting up a new 
balance for use, and of testing zero point, equality of arms, and sensitive¬ 
ness. Instructions are then given for the improvement of a balance 
whose adjustment has become imperfect through use^ as far as this can be 
undertaken by the owner without recourse to the maker. A few pages 
are devoted to the care and verification of weights. 

The book is likely to be useful in laboratories, both commercial and 
educational, and may be commended to such. Edward W. Morley. 
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HYDROLYSIS OF RARE EARTH SULFATES. 

By S H ICatx and C. James 
Received March 5. 1914. 

Stock* determined aluminum by pre(ripitating the hydroxide with 
potassium icxlide and potassium iodate according to the equation, 
A1 (vS04)8 + 5KI + KIO, + 3H2O = A 1 ( 0 H )8 + 3K2SO4 + 3I2. The 
hydroxide was then ignited and weighed. He found it was advantageous 
' to have sodium thiosulfate, or excess potassium iodide, present during re¬ 
action to prevent precipitation of solid iodine, which, he vsaid, interfered 
with subsequent working with the aluminum hydroxide. 

Moody- found that the quantity of iodine, liberated by Stock's reaction 
with ahiminum sulfate, was only about two-thirds of the theoretical 
amount. When this iodine was removed with .sodium thiosulfate, more 
was liberated. When the solution of potassium iodide, j>otassium icKlate 
and aluminum sulfate was heated in a current of hydrogen, or steam, for 
fifteen to twenty minutes and the volatilized iodine collected in potassium 
iodide solution, titration of the icxline in the receiver and that left in the 
distilling flask furnished a means of estimating aluminum. Later Moody® 
found that stannic salts and those of nickel, cobalt and chromium reacted 
quantitatively, and, as iq the case of aluminum, the liberated iodine, when 
1 Campt rend., 130, 175 (1914). 

* Am. J. Sci., 20, i8i (1905). 

^ Ibid., 23 , 176 (1906). 
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collected and titrated, •afforded a means of estimating the quantity of 
metal. Though dm: gave only 80.1% of the thecnetical funom^ of iodiae, 
this percentage was constant. 1!%U6 Mood}^ was enabled to estimate zinc 
too by this method. 

That the bases of the different rare earths differ greatly in strength, is 
well recognized. Meyer’ states that there are probably two series of earths 
when arranged in order of their decreasing positive character; 

+ I4, Ce, Pr, Nd, Sa,— 

+ Y, — -^Sd,'Tb, Er, Yb, --Sc-. 

Boisbaudran’ states that, on purifying gadolinium by fractional precipita¬ 
tion of the hydroxides with dilute ammonium hydroxide, hefoundsamarium 
concentrated in the head fractions and didymium in the tail. Assuming 
that the un-ionized hydroxides have the same order of -solubility, which is 
very small in comparison whh the solubility of the kmized hydroxides, 
Boisbaudran’s results would indicate that gadolinium hydroxide is a stronger 
base than samarium hydroxide. Its ions maintain equilibrium with a 
greater concentration of hydroxyl ions than the samarium ions. Bene- 
didcs* also found that, in the purification of gadolinium by fractional pre¬ 
cipitation with dilute ammonium hydroxide, samarium was concentrated 
in the first factions. 

B^erimentaL 

Apparatus. - -The apparatus used in canying out the experiments herein 
described is a modified form of that used by Moody*. The steam generator 
consisted of a globular flask provided with a thistle tube and an exit tube 
for the steam. The exit tube was ccmnected to a three-way tube, of which 
cnte arm was closed by a cork stopper. Distillation could be interrupted 
by removing the cork and allowing the steain to escape into the air. The 
third arm was connected to a tube which led to the bottom of a 500 cc., 
side-tubed distilling flask. The exit tube of the distilling flask was joined 
to a glass condenser, and anc^her condenser of the same kind was attached 
to the first condenser. At the end of the seocmd condenser was an adapter 
for leading the distillates into two hundred and fifty cubic centimeter, 
graduated flasks in which they were collected and measured. The necks 
of the graduated flasks were so flanged that, between the flatic and the 
adapter, solid, moistened potasrium iodide could be placed for extsacting 
the iodine from the atmosphere displaced from the flasks. All joints in 
the apparatus wo'e made of cork. 

Solutions. —^According to Stock's equation, Mt(SO«)s + fiKI + KIO< 
+ jHjO = 3M(0H)» + 1X1804 + 3I1. one molecule of M,(S04)» wUI 

* Die Analyse der SeUenen Brdcn und die Brds&umi,^. 33. 

* Compt, rend., in, 393 (1890). 

* Z anorg. Chem., as, 398 (1900). 

* Loc cit 
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react with five molecules of KI and one molecule of KlOa- One gram atom 
of iodine is then equivalent to one-sixth of agrammoleculeof M2(S04)8, five- 
sixths of a gram molecule of £I and one-sixth of a gram molecule of KIOs. 

Solutions were in most cases prepared in small quantities at a time. 
In making them the proportions expressed by the following figures were 
used: 

Eight-tenths normal solution of potassium iodide was made by accurately 
weighing Vio X of the gram molecular weight of chemically 

pure potassium iodide, dissolving and diluting to one liter. 

Eight-tenths normal solution of potassium iodate was made by accurately 
weighingone-sixth of the gram molecular weight of chemically pure potas¬ 
sium iodate, dissolving and diluting to one liter. 

Eight-hundredths normal solutions of the various rare earth sulfates 
were prepared and standardized as follows: vSolutions of the purest rare 
earths available were treated with oxalic acid in excess and the resulting 
oxalates ignited to oxides. The oxides were dissolved in a slight excess of 
dilute hydrochloric acid and the solution filtered. Sulfuric acid, in small 
excess of that required to combine with the oxides used, was then added 
and this solution poured into a large excess of alcohol. As the hydrated 
sulfates dissolve very slowly, those obtained were dehydrated by heating 
in an oven to temperatures not in excess of 250®. The dehydrated salts 
were dissolved in water and diluted so that the concentration did not be¬ 
come lower than 0,08 normal. Two portions of 25 cc. were measured with 
pipet, the earth precipitated as oxalate and weighed as oxide. From the 
results the volume of solution required to furnish salt for 250 cc. of 0.08 
normal solution was calculated. This was accurately measured and 
diluted to 250 cc. 

A o;i normal solution of sodium thiosulfate was prepared and standard¬ 
ized by the usual methods. 

In making all solutions the water used was boiled to expel carbon dioxide 
and other dissolved gases. 

Procedure and Results, 50 cc. of the 0.08 N rare earth sulfate solution, 
50 cc. of boiled water, ro cc. of 0.8 N potassium iodide and 10 cc. of 0.8 N 
potassium iodate solution were mixed in the distilling flask of the apparatus. 
If the rare earths contained were completely hydrolyzed to hydroxide, with 
liberation of the equivalent quantity of iodine, 40 cc. of i/N sodium thio¬ 
sulfate solution would be required to titrate the iodine produced. The 
10 cc. of the iodine solution and the 10 cc. of the iodate solution furnished 
twice the thebretical quantities of these reagents required for the complete 
reaction with the rare earth sulfates. 

In carrying out the experiments, it w^as found that equilibrium of the 
reaction had practically been reached by the time 1250 cc. of distillate had 
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collected. Abo, that ancreaidiig the vcdutae of solutkm, in wlBdi hydrol¬ 
ysis was taking place, decreased the quantity of iodine HberatBl in a given 
volume of distilbte. On the other hand, decrea^g the volume increased 
the quantity of iodine, and the slower the (Hstillation fM’oceeded. the mcM-e 
iodine was delivered per unit of distillate. 

To overcome these variations, the distilling jSask was marked at the 
height at which it contained lao cc. A btmier with a small flame, which 
could be regulated, was placed under the flask to compensate for conden¬ 
sation. Although the solution was agitated by passing steam, it was ]>os- 
sible after some trials to maintain the volume ccmstant withm limits of 
10-20 cc. Small increases and decreases in volume, which alternately 
occurred, served to compensate each other during the dbtillatkm of the 
entire 1250 cc. The rate of distillation was regulated so that eadi portion 
of 250 cc. was obtained in as nearly thirty minutes as possible. The time 
required for obtaining the entire distillate was recorded. 

During the first part of the dbtillation of the solutions of earths of higher 
molecular weight, much solid iodine was collected in the condenser. While 
the first portion was being distilled, cooling water was run through the 
second condenser only. When 250 cc. of distillate were obtained, water 
was run through the first condenser, the two ccmdensers were discounected, 
an adapter was attached to the first, and the process carried on as before 
with the use of one condenser only. 

Cerium acted in the same manner as the other earths during the dis¬ 
tillation of the first 750 cc. But while the fourth and fifth portiaas were 
being obtained, cerous compounds were oxidized to ceric. The ceck com¬ 
pounds readily hyditdyzed with liberation of much iodine. A sixth portion 
of 250 cc. of distillate, collected from the experiment with cerium, showed 
that reaction had almost ceased after the distillation of 1250 cc. Using 
the values obtained from the first, second and third portions of distillate 
fix>m cerium, and for the fourth and fifth, averaging the values obtained 
from the corresponding portions from lanthanum and neodymium, a sum- 
maticHi in accordance with those of the other elements was obtained. 

In securing the first results by the jnocess of distillation, conditions were 
not stMiduxlized. However, the same general relations in re.sults were 
obtained fircmi the different elements, as are given in the figures following, 
these figures being secured under regubted conditims. This table diows 
the atomic weight of each rare earth used, the time required for the com¬ 
plete dbtillation {wocesa, the volume of sdution in the distilliiig flask at 
the conduaon of the eiq>eriment with each earth, the volume of o,fN 
sodium thiosulfate solution required to titrate each 250 cc.,portion oi dis¬ 
tillate and the total thiosulfate required for the eiqpaifUent with each 
earth, 
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Data raoM Bxraitiiiairrs. 

Ifjltial 

voltime In Cc. of 0.1 N tbiosulfate 

Time distiltifig used to titrate each portion of distillate. Total 

,-A-^ flask --— thiosulfate 


MiCSOOj 

Hr. 

Min. 

in cc 

No. i. 

No. 2. 

No. 3. 

No. 4 

No. 5 No. 6. 

solution. 

La,(SO«),.... 

. 2 

34 

130 

2.98 

1.85 

1.22 

0 44 

0.32 

6.81 

Ce.(S04)..... 

. 2 

43 

100 

4.80 

1.89 

1.23 

6.53 

11,23 0.17 

25.90 

Nd,(SO«),... 

2 

34 

130 

7-99 

1.68 

0.55 

0.37 

0.48 

11.07 

Saj(S04)3..., 

4 2 

^36 

120 

8.58 

4.24 

0.31 

0.38 

0.27 

14.04 

Sa,(S04),.... 

. 2 

34 

115 

10.97 

1.86 

0.71 

0.47 

0.35 

H.36 

802(804)3. . . . 

. 2 

34 

135 

11.57 

1.25 

0.60 

0.56 

0.37 

14-.w 

KU3(S04)3. . . . 

. 2 

33 

130 

10.84 

1.40 

0,89 

0.71 

0.66 

14.50 

KUs(S 04)3... . 

. 2 

32 

130 

11.49 

1*77 

0.74 

0.66 

0.46 

15.12 

Eu,(S 04)..... 

. 2 

33 

130 

9 52 

1.80 

1.00 

0.90 

0.83 

14.05 

ad,(S04).. . . 

. 2 

33 

135 

11 84 

1.71 

0.71 

0.42 

0.42 

15. 

Gd,(804),... 

2 

35 

130 

11.55 

2.28 

0.61 

0.53 

0.58 

15.5510 

Kri(S04)j... 

2 

33 

110 

17 92 

2.17 

0.81 

0.64 

0.51 

22 .05 

Yb,{S04),.. 

2 

33 

*30 

21 20 

1.57 

0 58 

0.40 

0.26 

24.01 


In the accompanying diagram the atomic weights of the rare earths are 
the abscissae and the total number of cc. of «).x N sodium thiosulfate solution 



used in titrating the distillate^ from eadi eaith are the ordinates. When 
more than one experiment was made with an element, the average of the 
results is plotted on the diagram. 
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As no elements with atomic weights hetween those of gaddfaiium and 
erbium were available for this work, a dotted line is used in this portion 
of the curve. 

ConcluaioaB. 

It will be noticed that, although sulfates of samarium, europium and gad- 
olinium gave approximately the same results, the tendency to hydrolyze 
throughout the series increased with increase in atomic weight. 

Meyer^ includes yttrium in his series. This element has an atomic 
weight of 89 and can not fit the curve formed by the rare earths, so it has 
not been used in this work. Considering actual rare earths, no sharp 
division of the elements into two series, when comparing basicity with 
atomic weights, has been found. 

The results of this investigation indicate that, in the purification of 
gadolinium from samarium by fractional precipitation with ammonium 
hydroxide, the samarium would be concentrated in the tail fractions and 
not, as found by Boisbaudran* and Benedicks,* in the head. Concerning 
this difference the authors have at present nothing further to offer. 

Durham. N. H. 


ELSCTROSTENOLTSIS.» 

By Hamy N. Houiss 
Received March. 4, 1914 

Historical. 

Braun and Coehn, who have done most of the work in this subject, 
made their capillaries by heating thick glass tubes, closed at one end, 
and plunging them into cold water. The tubes were shivered into a 
number of fine cracks which were really capillary spaces. A platinum 
anode with a water solution of some salt was placed in this tube, whicdi 
rested in a beaker containing more of the same solution and the platinum 
cathode. On passing through a direct current at 40 v. or more, pref¬ 
erably no v., a spongy deposit of metal or oxide was found in the cracks. 

Coehn^ explained this phenomenon on the assumption that, when two 
substances are brought into contact with each other, the one possessing 
the higher dielectric constant will become positively charged. Since 
water has a very high dielectric constant it must be positive to most 
insoluble substances. The layer of water in contact with the walls of 
a glass capillary is positive and, under the influence of an electric current 
of sufiident voltage, must be attracted to the cathode leaving the glass 
1 Loc, cU. 

’ By electrostenolysis is meant the depositioii of a metal or its oride in very fine 
capillaries when the solution filling these capillaries is electrolysed. Frectuently there 
is an evolution of gas from the deposit 

^ Z. Elektrochem., 4, 501 (i8<)S); Z. pkysik. Chefn., 35, 651 (189S). 
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wall of the capillary negatively charged* This negative charge increases 
to a pomt where it is great enough to discharge positive ions present, 
causing a deposit of metal or oxide in the capill^. Coehn believed 
that the deposit must always be slight because of the relatively heavy 
charge on the ions and small charge on the capillary wall. In most cases 
any minute deposit that may form can not increase to an appreciable 
amount becS^use it takes part in conduction of the current, one end be¬ 
coming an anode and losing as fast as the cathode end gains. Yet there 
are cases where this initial deposit increases to visible size. According 
to Coehn such cases are: 

1. When tlie deposited metal is not oxidized at the anode as, for example, 
the platinum salts. 

2. When an insoluble compound is formed at the anode, especially the 
peroxides. 

3. When, in the case of salts in the lower state of oxidation, the negative 
ion can react with the solution with the formation of a higher oxidized 
salt; as in the case of a cuprous chloride solution. Here the chlorine liber¬ 
ated oxidizes the salt to cupric chloride. 

4. Coehn' developed a qualitative test for cobalt in the presence of 
nickel salts and also a tedious quantitative separation of the two metals 
based on his observation that cobalt salts showed stenolysis, while nickel 
salts did not, 

Richards and Lacy* proved that the complication of electrostenolysis 
does not affect the weight of the true cathode deposit or the exact applica¬ 
tion of Faraday’s law. 

Braun* obtained the following results: 


Stenolysis with water solutions of 
Co(NO,)2 
Pb(NO,)2 
Pb(Ac)a 
HsPtCU 
HAuCh 
Pd(NO«)« 
Th(S04), 

No stenolysis with salts of 
Ni 
Za 
Bi 


AgNO* 

AgtSOi 

AgAc 

FcSOi 

NasPtCU 

CuaClt 


Cu (except CU1CI2') 

KAg(CN)2 

FcCl, 


The effective capillary surfaces in tubes prepared by Braun's method 
are very limited, offering great resistance to the passage of the current 
and yielding smaller deposits than are desirable. Furthermore, it is not 
i 2 . anarg, Chem., 33, 9 (1903). 

• This Jourxai,, ay, 23a (1905). 

» Wied. Ann., 4a, 450 (1891); 44 f 473 
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ea^ to examtae the d^osits dteniieft% and 43 ie fwqmtmtion of iM b^es 
is tedkws. In all cases ^ walls «f oaptUaries ate glass. ttevise 
more effective and amvenient aietitods for studsriag this highly ioiieMsting 
fdientMnenoa this wta-k was ttndertaken. ^ 

ExperlmeBtal. 

firaiin’s method of preparing cracked glass tubes was duplicated, though 
at first only a small percentage of the tubes prepared were of any service 
whatever. On plunging the hot glass into cold water the tubes frequently 
Iwoke into pieces, or the cracks were so wide as to leak rapidly or were 
mere surface fractures. 

« 

Repeated trials proved that soft glass tubing 2 3 mm. thick was most 
suitable. The closed end should not have too thick a mass of glass and, 
in general, it is safer to heat at a little distance from the closed end. The 
temperature requisite can only be determined by experiment. The glass 
must be just hot enough to shiver it into a network of fine cradcs on quench¬ 
ing in water, but not hot enough to cause the tube to fall into pieces. 
A little practice enables one to prepare tubes with a beautiful lace-like 
surface and with capill^es so narrow that the tube will not leak more 
than a drop in an hour. 

Using these capillary walls to separate anode and cathode, nearly all 
of Braun's experiments were readily duplicated. Solutions of cobalt 
chloride and cobalt nitrate quickly yielded black deposits with a direct 
current of no v. The cobalt deposit was fairly compact and formed 
in the crack, but the lead deposit was very spongy and appeared on the 
edge of the cracks nearest the anode. Solutions of chloroplatinic acid 
yielded most spectacular results, as the deposit spread from one crack to 
another forming a platinum mirror over the surface of the glass. De¬ 
posits of other metals were less striking, frequently extremely minute. 
Gassing from the cracks was cpmmon. 

It was evident that an increase in the number of capillaries would give 
promise of increased deposits and with this in view glass tubes, U-shaped, 
were packed with various finely powdered insoluble substances and filled 
with water solutions of various salts to be tested by electrolysis. Naturally, 
glass powder was tried first and then precipitated and ignited silica. 
These were followed by flowers of sulfur, arsenic trisulfide, calcium fluoride, 
aluminium trioxide, lead sulfate, asbestos, shellac, kaolin, chromic chloride 
(violet) and starch paste. Of this list, powdered glass, sulfur and silica 
proved to be the best. In fact, np deposit at all could be secured in cal¬ 
cium fluoride, aluminium trioxide, lead sulfate, kaolin, starch paste and 
arsenic trisulfide. Possibly longer running may produce deposits with some 
of these powders. 

With glass powders, the nature of the charge developed in contact with 
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sobttiims is the same as with capillary cracks in glass tubes, but the surface 
exposed is enormously greater. Glass powder in water is sufficiently 
alkaline to precipitate many metallic hydroxides. 

Siitfur possesses the advantage of a color that contrasts well with most 
steiiol3rtic deposits and it can be secured in a finely divided form. Solu¬ 
tions diffuse through it so slowly that soaking for some hours is advisable 
before attempting electrolysis. 

Silica, in the precipitated and ignited form, affords very fine capillary 
spaces and is free from the alkalinity of glass powder. Its white color 
is a divStinct advantage. 

To prepare the porous membranes, a soft glass tube about i cm. inner 
diameter was bent into a U about 8 cm. high. This was then packed 
with the proper dry powder for a length of about 5 cm. and the membrane 
held in place by two compact plugs of washed asbestos about i cm. deep. 
Without these asbestos plugs some light powders spread through the solu¬ 
tions. Finally the tube was filled with the solutions to be examined 
and platinum electrodes suspended in the liquid above the asbestos. 
A direct current at no v. was passed for a few minutes or several hours 
as required. The current strength varied from a small fraction of an ampere 
to two or three amperes. No attempt was made to study quantitatively 
the effect of variations in the current strength. 

Objection may be raised that deposits near the electrodes could be 
accounted for by the droppings from these electrodes. This objection 
was met by using very compact powders and reporting only such deposits 
as appeared midway between the electrodes. Duplicates were also run 
with the U tubes inverted over beakers of the solution used. Deposits 
on the main electrodes could not possibly get into the membrane. 

An important variation in the method of preparing the membranes 
consisted in packing the U tube with layers of different insoluble powders. 
A combination frequently used was asbestos plug, powdered glass, sulfur, 
silica and asbestos plug, in the order named. The yellow color of the sul¬ 
fur aided the eye in marking boundaries. The deposit could generally 
be seen at the surface of the glass tube but in some cases the tube was 
broken at previously made file marks and the entire powder examined. 

In addition to the results obtained by Braun, stenolytic deposits were 
secured with dilute water solutions of 

CusBrs in Si02 and glass powder 
Ciitlt in SiO» and glass powder 
CU6O4 in glass powder 
Fehling*s solution in glass powder 
NasSnOt in idass powder 
NatPbOs in glass powder 
V (NHOsMoOi in S and SiOs 
NiBf) in glass powder 
MnClt in S 
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With a oracked glass tube pmpared in the old way. a distinct 
of nickel peroxide was seamtd with a sokition of nickid sulfate, Bf^un 
reports that he failed to obtain such a deposut^ Another interesting 
^It was the stenolytic disdiarge of bromide ion in glass powder tnd in 
sulfur. This was observed when electrolysing cobaltous bromide solu¬ 
tion several hours in sulfur and nickdous bromide in glass powder. In 
each case the bromine appeared around a small deposit of the metallic 
^ peroxide. The explanation is, of course, that the cobalt or nickel deposit 
became an intermediate electrode, with one end acting as cathode to the 
main anode and the other end as anode to*the main cathode. The bromide 
ions were discharged at the anode end of tlie peroxide deposit. To test 
this explanation a short piece of platinum wire was imbedded in the sulfur 
membrane at some distance from the electrodes. Electrolysis of any 
bromide solution produced a quick appearance of bromine at the anode 
end of the platinum wire. 

After a few hours, a distinct deposit of cobalt peroxide was secured with 
alternating current using cobaltous bromide in sulfur. 

Coehn’s theory of dectrostenolysis leads one to expect that a compact 
membrane of any insoluble powder which is negative to water must be 
able to discharge positive ions during electrolysis. The list of obsen^ed 
deposits is short. A complicating feature is the property which some in¬ 
soluble substances have of assuming a positive charge in some solutions 
and a negative in others. Sulfur, silica, glass, kaolin, most sulfides, 
and asbestos are negative to water; so the first deposit in such membranes 
must consist of metal or oxide. However, after such a deposit has begun 
it may cause the discharge of negative ions by its anode action. There 
are comparatively few insoluble substances positive to water. These 
include some metallic oxides and sulfides, lead sulfate, barium carbonate 
and chromium chloride (violet). Aluminium trioxide, lead sulfate and 
chromic chloride were tried without success. No negative metallic de- 
pbsit was expected in them but it was thought possible that the bromide 
ion might be discharged and seen in such a white positive membrane as 
aluminium trioxide. None was obtained. 

Summary. 

The main purpose of this research was to develop a method for studying 
electrostenolysis on a larger scale than before. Some additional results 
of interest were obtained but no attempt was made to study variations 
in concentration, the solvent, voltage or current strength. 

I. Deposits of metallic oxides and metals, due to electrostenolysis, 
were greatly increased by the use of capillary membranes in the form of 
glass tubes packed with such finely powdered substances as glass, sulfur 
and silica. The ease with which these tubes could be broken in sections 
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and the contents examined was a distinct advantage. By Braun’s method, 
glass capillaries were the only ones possible but this improvement permits 
the use of any number of insoluble substances for a membrane. 

2. In addition to the results obtained by Braun, electrostenolytic de¬ 
posits were secured, by the new method, in water solutions of cuprous 
bromide, cuprous iodide, copper sulfate, Fehling's solution, sodium plumbite, 
sodium stannite, ammonium molybdate, manganese chloride and nickelous 
bromide. These results were secured with direct current at 110 v., hnf 
a deposit was also secured in a cobaltous bromide solution using alterna¬ 
ting current. 

A discharge of bromide ion was obser\^ed around an initial deposit of 
cobalt peroxide formed by electrostenolysis. 

Baxlham C01.1.KGS. Richmond. Indiana. 


THE ELECTRON CONCEPTION OF VALENCE. 

Bv Stuart J Bates 
Received February 77, 1914 

There is one point of considerable importance in connection with this 
theory to which it appears desirable to call attention in view of the recent 
discussions of this topic in Tins Journal. Comparatively recent works 
in physics has caused physicists to reconsider the validity of the assumption 
that “every chemical bond formed between two atoms involves the transfer 
of a corpuscle from one atom to the other.”‘ Thus Sir J. J. Thomson, 
who proposed and first developed the electron theory of valence, has, 
chiefly as a result of his investigation of positive rays, changed his opinion 
regarding the mechanism of the attraction between atoms. “We are led 
by these results to regard the electrical forces which keep the atoms in 
a molecule together as due not to one atom being charged positively and 
the other negatively, but to the displacement of the positive and negative 
electricity in each atom. Thus each atom acts like an electrical doublet, 
and attracts another atom in much the same way that two magnets attract 
each other.”® 

The objections which may be raised against the electron theory of val¬ 
ence are probably much less widely known among chemists tlian is the 
evidence in favor of it. It seems worth while to indicate the nature of a 
few of these objections without attempting to develop tliem here: 

(i) It is difficult to conceive of the two atoms in the molecule of an ele¬ 
mentary gas as hydrogen, or of the two methyl groups in ethane, as being 
so different from one another as would be the case if one half of the mole- 

1 Nelson, Beans and Falk, This Journal, 35 , 1810 ( 1913 )* 

* J, J. Thomson, ''Rays of Positive Electricity’* p. 66, (19*3). bongmam. Green 
& Co. See also Phil. Mag , a4» 249 (1912). 
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cute is positive and the other negative. In the vast majority of reactions, 
the two halves of such molecules react in an identical manner.^ 

(2) The electron theory of valence predicts a much greater number of 
isomeric compounds, even among relatively simple organic substances, 
than have as yet been discovered. 

(3) According to this theory the greatest number of electrons whidi an 
atom can readily lose is the maximum positive valence number of the ele- 
Inent. The method of positive rays indicate that there is no relation be¬ 
tween these numbers. “The maximum number of diarges carried by a 
multiply charged atom does not seem to be related to any chemical prop¬ 
erty of the atom such as its valency, but to depend mainly on the atomic 
weight.**® The electron theory of valence indicates that the inert gases 
should give up electrons with great difficulty if at all. Helium readily 
loses two electrons, while the argon atom may carry one, two or three 
positive charges and that of krypton four or five. Positively and nega¬ 
tively charged atoms of hydrogen, oxygen, sulfur and chlorine have been 
found. Nitrogen and mercury atoms appear to be capable of acquiring 
a positive charge only,^ the latter may lose any number from one to eight 
of electrons. Gases such as methane or carbon dioxide would be expected 
to yield carbon atoms canying four positive or negative charges. Two 
appears to be the greatest number of charges which this atom is capable 
of acquiring,** According to the electron theory of valence, the carbon 
atom in carbon monoxide is positively charged, while the oxygen atom is 
negatively charged. The method of positive rays shows that when a 
molecule of this gas is dissociated in the vacuum tube the numbers of posi¬ 
tively charged oxygen atoms and of positively charged carbon atoms are 
practically equal.® 

The spectral method of analysis has yielded evidence regarding the exist¬ 
ence of charged atoms, substantiating that obtained by the electromagnetic 
method.® 

(4) In an equilibrium mixture of a gas and its dissociation products, 
new molecules of the gas are being continually formed while others are 
breaking up. The electron theory of valence predicts that such a mixture 
would contain more charged atoms or molecules than do stable gases at 
the same temperature and pressure. Conductivity measurements have 
failed to indicate any difference in the number of charged particles in these 
two classes of gases. ^ 

^ Thomson, "The Corpuscular Theory of Matter/* p. 230, eL seq. (1907). 

* Idem., ''Rays of Positive Electricity," p. 33. 

*Jdem., Proc, Roy. Soc., {A) 89, 10 (X913). 

* Phil. Mag., at, 239 (X911). 

‘ Ibid., 24, 249 (1912). 

® Stark. Physik Z., 14, 961 (19x3)- 

’ Phil. Mag., 24, 250 (x9X2). 
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(5) One of the conclusions at which Kirkby arrived as a result of an in¬ 
vestigation of the “Chemical Action of Electrical Discharge in Electro¬ 
lytic Gas,“ was stated as follows: “The atoms of oxygen, when separated, 
are not charged electrically. This is proved by experiments independently 
of theory. Hence the atom of oxygen is not botmd in a molecule of water 
vapor by electrostatic force.Subsequent experiments by Kirkby and 
Marsh* on the explosion of azoimide between charged plates leads to a 
similar conclusion. 

(6) In order for the atoms in a molecule to be held together by electrical 
forces it is not necessary that it be assumed that an electron has moveil 
from one atom to another. I'horason has considered a distribution of^ 
electrons within the outer sphere of the atom which accounts for two 
neutral atoms being held togetlier.* Stark, without employing the assump¬ 
tion that a chemical bond involves the transfer of an electron from 
one atom to another, has developed^ a system by which the atoms of a 
molecule may be held together by means of electrical forces. Bohr,^ 
assuming the structure which Rutherford® has proposed for the atom, 
showed that two atoms may be attracted to one another by electrical forces 
even though botli are electrically neutral as a whole.’ Such an electrical 
attraction between atoms involving no movement of an electron from one 
atom to another supports the idea of iion-polar valences developed by 
Bray and Branch® and Lewis.® However, these authors consider polar 
valences also. Some of the difficulties which this dualistic view of valence 
presents have been pointed out by Falk and Nelson*® and by W. A. Noyes.*^ 

It will thus be seen that on the whole the phenomena of physics are op¬ 
posed to the view that in the molecule the atoms are charged witli 
respect to one another, and to the theor)’^ of valence developed on 
this assumption. Chemistry contributes the most satiwsfactoiy^ evi- 

* Proc. Roy, Soc., (il) 85, 151 (1911). 

* Ibid., 88, 90 (1913). 

* Engineering, 95, 329 (1913)- 

* Jahrb. Rad. Elektr , 9, 15 (1912); Z. Electrochem., 19, 862 (1913), Piinzipieu der 
Atomdynamik (1910), Hirzel, Leipzig. 

* Phil, Mag., 36, 857 (1913)* 

* Ibid., 31 , 669 (1911). 

^ Recently, additional support has been lent to this ‘'non-polar” view of the mechan¬ 
ism of the combination of atoms to form molecules. In November, 1913. when Bohr 
calculated on the above assumptions that the heat of combination of hydrogen atoms 
to form hydrogen molecules was 60,000 calories per gram molecule, the accepted ex¬ 
perimental value was 130,000 calories. Since then Langmuir {Phil. Mag., 37, 188 
(1914)) has published the results of further experiments which give the value 76,000 
calories. 

« This Journai., 35,1440 (1913). • 

» Ibid., 35, 1448 (1913)- 

^^Ibid., 36, 209 (1914)- 

^^Jbid., 36, 214 (1914)- 
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dence in its favor. It explains in a simple and clear manner cer¬ 
tain reactions, particularly the oxidation and reduction of elec¬ 
trolytes in solution. This is sufficient justification for its application 
to such reactions. The fact that electrolytes dissociate in solution 
into oppositely charged ions is not, however, amclusive evidence that in 
the molecule the atoms or groups of atoms are electrically charged with 
respect to one another. Ionization may consist essentially in the passag;e 
of an electron from one atom or group to another, these then separate 
from one another forming the ions. The ease with which this movement 
of the electron takes place depends upon the nature botli of the substance 
and of the solvent. The distinction which is drawn between electrolytes 
and non-electrolytes is largely based upon the extent to which the substance 
is influenced by its environment. In the pure state as solid, liquid or gas, 
the molecule of an electrolyte differs but little in its behavior from that of 
other substances. 

Nelson, Beans and Falk have given a general classification of reactions 
on the basis of the electron theory of valence. “In every reaction; 

I, If the algebraic sum of the positive and negative charges on a definite 
atom of the molecule changes; either A, the number of corpuscles on the 
atom increases; or B, the number of corpuscles on the atom decreases; 

II, If tlie algebraic sum of the positive and negative charges on the atom 
remains constant; either A, the arithmetrical sum changes; or R, the arith- 
metrical sum remains constant. Applied to chemical reactions, IA in¬ 
cludes reduction reactions, IB adduction reactions, IIA onium compound 
formation, IIB metatheses in which none of the changes lA, IB or IIA 
takes place. Stated, slightly differently, the classification includes re 
actions involving reduction, oxidation, onium compound formation, and 
simple replacement or rearrangement.*** These authors have discussed 
these types of reactions and have explained the electronic changes which 
are involved in each of these various classes. 

It would apparently be impossible to discover or even imagine any re¬ 
action which could not be classified and explained on such a basis. Thus, 
suppose some entirely new type of reaction were discovered. Then, on the 
basis of this theory, if the algebraic sum of the positive and negative charges 
on a definite atom changes during the reaction, by definition the reaction 
is one of oxidation-reduction and as such is explainable. If, on the other 
hand, the algebraic sum of the charges on^'a definite atom remain the same, 
the reaction is by definition an ‘‘onium** compound formation or a meta¬ 
theses, which also may be explained by the electron theory of valence. 
From the nature of the definitions and the breadth of the classification, 
the discussion has been removed from dependence upon experimental data. 
In other words, a discussion on the basis of such a classification of the elec- 
* This Journal, 35,1813 {i9»3). 
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ttonic changes taking place during reactions can neither support or refute 
the theory. On the other hand, if the assumptions of the theory be granted, 
a useful method of classifying reactions may be derived. 

A similar remark applies to the application of the theory to the structure 
of molecules. The electron theory has been applied by various authors to 
the structure of such chemical substances as chlorine, hydrogen peroxide, 
ammonium chloride, etc. If molecules such as these can be satisfactorily 
explained, it would seem that every conceivable molecule could he ex¬ 
plained on the same basis. Apparently some new line of attack, such as 
that recently undertaken by W. A. Noyes, ^ must be looked to for any 
decisive argument of a chemical nature for or against the theor)'. 

The classification and relation of compounds and reactions, which has 
resulted from the application of the electron theory of valence, has been 
of value. The part played by its fundamental assumption has been 
largely a means of relating phenomena and the actual movement of the 
electron is not necessaril}’’ involved in the conclusion. That is, it is pos¬ 
sible that some other assumption involving the ideas lately proposed by 
Thomson or those developed by Stark or by Bohr would lead to a similar* 
classification of compounds and reactions. 

UmVfiRSlTY OP ItUNOXS, 

Urbana. III. 


[Contribution from the Division of Physical Chemistry of the University of 

Minnesota. ] 

AN APPARATUS FOR THE MEASUREMENT OF VAPOR PRES¬ 
SURES BY THE DYNAMIC METHOD AND DETER¬ 
MINATIONS OF THE VAPOR PRESSURE 
OF WATER AT 24.97° * 

Bv I H Derby, P. Daniels and P. C. Gutscub. 

Received March 19 , 1914 

It has been generally conceded that tlie dynamic, or “air bubbling,’’ 
methods for determining vapor pressures of liquids offer considerable 
promise, but, owing to the more or l^ss cumbersome and complicated 
apparatus required by such processes, these methods have not been utilized 
save in a few instances. Regnault’* in 1845 was seemingly the first to 
use tlie dynamic method. His procedure consisted in passing a known 
volume of air over a moist sponge and through moist silk screens, and 
weighing the water vaporized, thus obtaining values for the vapor pressure 
of water which agreed very closely with results obtained by static methods. 
This method of Regnault’s was subsequently used witli various modifica- 
1 This Journal, 35 > 767 (1913). • 

* ITesented at the annual meeting of the American ChenuctU Society, December. 
1910 

* Ann chim. phys , 3, 15, 129 (1845). 



794 


H. jmM% F. DAKXEU AND F. €. OXJtSOW. 


tions and with varying degrees of success by Tamman,^ Walker,* Witt 
and Biedig,* Lincbarger,^ Omdorff and Carrell,* Perman,* Carveth and 
Fowler,’^ Kahlenberg,® Earl of Berkeley and Hartley,® Lincoln and Klein, 
and Krauskopf.^^ 

Linebarger used a saturator of five Liebig bulbs through which a known 
volume of air was forced. The vapors were chemically analyzed and the 
partial pressures of a variety of mixtures of miscible liquids thereby de¬ 
termined. Perman used a Liebig bulb with four large compartments 
and obtained some very satisfactory results. Kahlenberg devised a sat¬ 
urator consisting of a large glass vessel partly filled with the liquid and 
shaken laterally in a thermostat, air being drawn through by a large 
aspirator. This device was used successfully by Lincoln and KJein and 
by Krauskopf. In connection with some work being done in this labora¬ 
tory it became necessary to determine the vapor composition and partial 
pressures of alcohol and water mixtures, and with this end in view an 
apparatus, embodying several new features, was designed; and its descrip¬ 
tion together with evidence of its efficiency as shown by measiurements 
•of the vapor pressure of water at 24.97°, is here presented. 

The apparatus in its final form is shown in outline in Fig. 1. With 
the exception of the drying towers and the aspirating bulbs, the whole 
apparatus was placed in a large electrically heated and regulated water 
thermostat (100 gallons), in which the temperature could be maintained 
constant within a few thousandths of a degree. The two large towers 
for purifying and drying the air were filled (/?) with soda lime and ( 7 ) 
with pieces of pumice stone rolled in phosphorus pentoxide. These 
were connected with the saturator. Figs, i and 2, which is the unique 
feature of the apparatus. 

In the following experiments, and in determinations of vapor pressure 
and vapor composition which will appear in a later paper, the saturator 
consisted of two three-inch, thrice tubulated bulbs, filled with glass pearls 
of about 4 mm. diameter. These bulbs were connected with each other 
and with the exterior, as shown in Fig. 2, and were held rigidly in pt>sition 
by a wooden frame, (not shown in figure) built in halves, to permit of 

^ Wied, Ann., 33, 322 (1888). 

• Z. physik. Chem., 2, G02 (1888). 

® Ber,, 22, 1084 (1889). 

• This Journal, 17, 615 (1895). 

® J. Phys, Chem., x, 753 (iS97)* 

• Proc. Roy. Soc. London, 72, 72 (1903). 

J. Phys. Chem., 8, 313 (1904)- 

• Science, 22, 74 (1905). • 

• Proc, Roy. Soc. London, 77, 156 (1906). 

J. Phys. Chem., ii, 318 (1907) 

” Ibid ., 14, 489 (1910). 
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easy removal and assembling of the parts. A small electric motor, belted 
to a pulley at one end of the wooden frame, served to rotate it with the 
contained bulbs. The glass tubes AT, functioned as axles for the bulbs 
and rotated in journals of short glass tubing which were supported by 
clamps. The tubulatmes M, closed by rubber stoppers, were for the 
filling and emptying of the bulbs. To retain the pearls in place and pre¬ 
vent the liquid from draining into the connecting tubes, thus cutting off 
the air passage, their ends were protected by perforated platinum cones N; 
and as the liquid ran down the side of the bulb, it was caught by the cone 
and drained toward the tip, while any liquid which might get back of the 
cone was prevented from entering the conducting tubes by flanging the 
ends and extending them a short distance through the stoppers, not far 



enough, however, to touch the cones, 'fo form air-tight connections with 
the rest of the apparatus while still allowing horizontal rotation of the 
saturator, use* was made of mercury sepals 5, and thick walled soft rubber 
tubing L, bent down throitgh an angle of 90 degrees. This latter connected 
the tubes K with short pieces of glass tubing, (J, fitting loosely over the 
glass tubing from the drying towers and absorption tube and rotating 
easily on them as axes. These tubes Q were fitted with jacketing tubes P 
which formed a tight joint at the upper end but had the annular aperture 
left open below. The annular space thua formed was coated with paraffine 
and when connected was half filled with mercury. This device not only 
doubled the distance whicli water must pass over to get from the thermo¬ 
stat into the bulbs, but also interposed a trap formed by the air filled 
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annular space above the mercury. This arrangement, adopted after the 
unsatisfactory trial of several other schemes, proved effectual in preventing 
entrance of water to the saturator by capillaty action. It should be fur¬ 
ther noted that the terminal tubes V of the saturator, where they enter 
the mercury seals, must extend 2 or 3 cm. above the mercury in the cup, 
to prevent the suction applied in the aspirators from drawing mercury 
into the tubes. The saturator, including the mercury seals, was suppmted 
by a single ringstand, thus enabling transference independently of the 
rest of the apparatus. 

The absorption tubes employed were five-inch glass stoppered tubes, 
(Schwarz design), and were filled with ‘granulated pumice .stone which 
had been coated with phosphorus pentoxide. A rubber cap was fitted 



Fig. 2. 

Scale 2 to 7. 


over the stopcock through which the saturated air entered the absorption 
tube, so that it might be kept dry because of difficulty in drying the groove 
around the stopcock. The other stopcock was not submerged. The 
absorption tube was comiected in by means of thick walled flexible rubber 
tubing, thus allowing easy removal and replacement for the purpose of 
weighing. Between the absorption tube and the aspirator was placed 
a small drying tube if, also charged with phosphorus pentoxide to prevent 
back diffusion of water vapor. 

The aspirator consisted of two calibrated bulbs, C and D, connecting 
interdiangeably, through the three-way cocks F and G, with the two 
eight-liter bottles A and B. By this arrangement one bottle served as 
aspirator while the other received the drain from tlie bulbs. In this 
way the aspiration became practically a continuous process independent 
of the size of the aspirating bottles A, B, since one bulb drained while the 
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other was filling. These two bulbs were calibrated to take up 1135 cc. each 
between the etched lines cc dd, at a temperature of 25°, when allowed 
to drain for ninety seconds. Each bottle was fitted with a manometer 
y, and a four-way stopcock E placed between the bottles made it possible 
to connect either one of them with the air and the other with the saturating 
and absorbing train. A rubber stopper O, fitted with a glass tube, was 
connected witli the water air pump through a mercury pressure regulator 
I, designed to preserve any desired constant exhaustion, thus regulating 
the speed of aspiration. The connection O (oulcl be sliifted from one 
aspirating bulb to the other. 

This disposition of the apparatus keeps the aspirator water at the tem¬ 
perature of the thermostat, within narrow limits, thus making the tempera¬ 
ture of the aspirated air and the vapor pressure of water, over which it 
collects, definitely fixed values. 

In conducting an experiment the saturation bulbs, filled with glass 
pearls, were charged with the liquid to be investigated to a level a few 
millimeters (2 3) below the lower edges of the cones. If too much 

liquid be added any slight tilt of the apparatus throws it into the connecting 
tubes. The saturator was then placed in the thermostat and connec¬ 
tions made with the purifying towers at one end and the aspirator, through 
the carefully weighed absorption tube, at the other, as shown diagramatic- 
ally in Fig. i. The absorption tubes charged with the phosphorus pent- 
oxide were counteqioised in pairs and the members of a pair were then 
used alternately, I'his arrangement was adopted to eliminate, as far 
as possible, errors due to changes in barometric pressure, temperature 
and humidity. Weights were taken to the nearest o.i mg. although 
the scale was sensitive to 0.03 mg. It was found necessary to allow' the 
tube used for the absorption to stand nearly an hour before a constant 
weight was obtained. Trouble w^as at first experienced due to condensa¬ 
tion of vapor in the side arm when the absorption tube was first connected. 
This difficult}’^ was avoided by slightly warming the tube before making 
connections. After assembling and connecting the apparatus, 40 to 50 min¬ 
utes were allowed, in order that the saturator and the aspirator might come* 
to tlie temperature of the thermostat, pre\dous to the first determination. 
For subsequent determinations no waiting was necessary, provided the 
saturator remained continuously immersed. Wlien temperature equi¬ 
librium had been attained the saturator was first set rotating at a rate of 
thirty or forty turns per minute. The aspiration was then started. When 
sufficient air had been aspirated, in the experiments on water of 25°, 
usually 8 to 10 liters, a few seconds were allow'ed to elapse before closing 
the stopcocks, in order to permit establishment of barometric pres.sure 
tliroughout the apparatus. Tlic water manometers T, Fig. 1, showed 
conclusively wlieii this condition obtained. The absorption tube could 
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then be dosed, disconnected and prepared for weighing and one of another 
pair substituted for a new run. With three pairs of tubes a number of 
determinations may be carried out in a single day. At the condusion 
of an experiment only three observations are necessary; first, the total 
volume of saturated air aspirated and measured by the water passed through 
the calibrated bulbs CD; second, the barometric pressure; third, the gain 
in weight of the absorption tube. In our experiments the time actually 
taken for the aspiration was also recorded, mainly for the purpose of 
comparison. 

The formula used for calculating the vapor pressure is essentially the 
same as that employed by Tamman,’ except that it was found unnecessary 
to introduce any corrections for change of volume of the aspirating bulbs, 
since they were calibrated and used at the one temperature, namely, 
25° C. The symbols employed and their significance together with the 
numerical constants used in developing the formula are as follows: 

P, Corrected barometer pressure. 

F. Volume of saturated air measured by aspirator. 

Po = 760.0. Standard barometer pressure. 

t = 24.97°. Temperature of aspirator. 

pz = 23.7 mni. Vapor pressure of water in aspirator at temperature t. 

a = 0.003571. Coefiicient of expansion of air. 

d = 0.0012728. The density of dry air at 0°, 760 mm. 

Fo == 22400 cc. The gram molecular volume of air at o®, 760. 

M. Hypothetical molecular weight of air from the gram molecular 
volume of air, as determined from the gram molecular volumes of its 
constituents. 

Ml = 18.015. .Molecular weight of water vapor calculated from the 
atomic weights. 

p. Partial pressure of air in mm. in saturation bulbs when equilibrium 
is established. 

pi. Partial pressure of water vapor in mni. in saturation bulbs when 
equilibrium is established. 

Vi. Volume of air and saturated water vapor in cc. formed in satura¬ 
tion bulbs during an experiment. 

w. Weight in g. of air aspirated. 

Wi. Weight in g. of water vapor determined by weighing. 

Using the symbols as listed and assuming the gas laws to hold, three 
fundamental equations are readily formulated: 

(1) . P - p + pi* 

(2) . py, = RT. 

^ Loc. cit. 
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( 3 ) . #.V. - RT. 

Solving (2) and (3) for Fi, equating and substituting for p its equivalent 
value from (i), then solving for pi gives 

(4) - , , MiW. 

* + Mw, 

We may place 

(5) . M = dFo. 

‘The weight of iv is readily obtained from the general gas law relation in¬ 
volving that term 


( 6 ). 

Which solved for w gives 
( 7 ). 


w 


(P-p,)V = “ P,Vo{i + ai). 
dP n 


{P — p,)Vd 


P»{\ + at) 

SubsliUitiiig in (4) the eciuivalcut of M from (5) and w from (7) gives 
the general formula 

A, ^ 

( 8 ). , . ’ 

tci(i "b at) Po V{) 

Substituting numerical constants gives 

P 

pi = 

i + 


(9). 


(P - pz) V 18.015 

7 Cj(l + 0.003671/) 760 X 0.22400 
The value of 18.015 700 X o.224cx> for all experiments with water or water 
solutions is constant and may be reduced to one term. 


= 0.0(X)0010'>82. 

760X0.22400 

(log. o.o(joooto 582 — 4.02457 10) wdiicli substituted in (9) gives 

V. = ^ 

(^o). o.ooocKno 582 . 

+ 0.003671/) 

the formula used for calculating the results of (jutsche's experiments. 

If, os was the case in all subsequent experiments, / is a constant (in 
this case 24.97) then (i + 0.003671/) becomes a constant and 


__ 18-015 __ 

(i +0.003671 X 24.97) 760 X 0.22400 


0.0000009694. 


(log. o.cx!kkjoc) 9694 ~ 3.98649 ~ - 10) which may be used in all experiments, 
giving for the formula 
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(ii). ^ j 4. — p>)F 0.0006 0096^^ 

Further, F may be kept constant in any series of determinations, thus 
still ftuther simplifying the calculations. This was done in the two series 
of determinations listed in Tables 11 and 111. 

To test the efficiency of the saturating and absorbing parts of the ap¬ 
paratus, a number of determinations were made on the vapor pressure 
of water at 24.97®. Table 1 shows the first results obtained by Gutsche 


Tablb I. 

Time of 

No. of aspiration 

expt. I. V. P. m. pi. in minutes. 

1 . 2 J -55 8043 736.7 0.1958 ii 55 «> 

2 . 20.30 8120 739.0 0.1974 23.60 14 

3 . 20.80 8400 738 9 0.2015 23.30 35 

4 . 19.90 8121 737-7 0.1969 23.50 II 

Alcohol. 

i»i.* pi.* 

5 . 19 40 8456 738*8 1.3692 58.47 21 


on water, and a single determination with absolute ethyl alcohol, prepared 
by drying over lime and distillation from sodium. In these experiments 
the aspirating bottles were, as is customary, outside of the thermostat. 
They were calibrated for total volume and operated by a syphon. The 
significance of each column is indicated by the symbol abovie it the mean¬ 
ing of which has been given in the course of developing the formula. 

Tabi^e II. 


Time of 


No. of 
expt. 

V, 

P. 

W\. 

pi. 

anpiratiou 
in minuten. 

I. 


745 8 

0.1841 

23*73 

11 

2. 

8000 

734-4 

0.1819 

23.45 

29 

3 . 

. 8000 

737.1 

0.1829 

23 58 

47 

4 . 

. 8000 

743-4 

0.1844 

23.76 

11 

5 . 

. 8000 

734*3 

0.1834 

23.65 

21 

6. 

.... 8000 

736.4 

0.1824 

23*52 

13 

7 . 

. 8000 

736.4 

0.1840 

. 23.72 

12 

8. 

. 8000 

73 « 7 

0.1833 

23 63 

12 

9 . 

. .. 8000 

735 0 

0.1844 

23 77 

II 

10. 

. 8000 

735 0 

0 1833 . 

23.63 

43 

II. 

. 7992 

730.6 

0.1829 

23.60 

25 

12. 

. 8000 

738.8 

0.1842 

23.75 

13 

13. 

. 8000 

738.8 

0.1845 

23.73 

n 

14. 

. 8000 

731-7 

0.1846 

23.80 

37 


Average, 23.67 * 

' and fH stand for the weight of alcohol evaporated and the calculated vapor 
pressure, respectively. Phosphorus pentoxide was used for absorbing the alcohol vapor. 
The absorption was complete and nearly as vigorous and rapid as with water, 
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The next experiments, Table II, were performed by Daniels and were 
made with the aspirating bottles submerged in the thermostat; but the 
water was drawn off by a syphon into standard liter flasks and a measure 
ef the volume of air aspirated thus obtained. 

In addition to the errors of volume introduced, because of the clumsy 
method of aspiration, a slow leak was later detected in one of the rubber 
connections which may account for the lower values, especially of the 
longer time intervals. 

^ In Table III are the more accurate results, also obtained by Daniels 
with the final form of apparatus as detailed above. All rubber connec¬ 
tions were made of heavy walled tubing and wired, and the apparatus 
was tested before each determination by closing the first stopcock of the 
absorption tube and withdrawing some water from the aspirator. The 
manometer rose and was observed for several minutes, and if the level 
in the manometer did not change, the apparatus must be air-tight. 



Tabi.k in.— Vapor 

Pressure ok Water at 

24 - 97 ®. 


No. 

uf expt. 

V. 

p 

vh 

pi - 

Time in 
minutes 
for e:q>t. 

I, 

, . . 10,215 

734-9 

0.2344 

23.67 

20 

2 . . 

, . 10,215 

749-0 

0 2348 

23.71 

15 

3 

10,215 

745-1 

0 2340 

23.72 

15 

4 . 

10,215 

746* 

0 2350 

23 73 

20 

5 . 

. . .. 10,215 

736 8 

0 2345 

23 68 

H 

6. 

. . .... 10,215 

742.5 

0.2345 

23 68 

20 

7 . 

. 10,215 

740.7 

0.2349 

23.72 

13 

8. ... 

. ,. 10,215 

741 5 

0.2348 

23.71 

23 

9 * • • 

. 10,215 

741.5 

Average, 

0.2352 

23.70 

23 75 

40 


The temperature of the thermostat for all the experiments (Tables 
I, II and III) w'as maintained at 25.00 ^ o.oi as indicated on a standard 
thermometer divide^! into 0.1° and easily read to within 0.01®. This 
thermometer had been calibrated by the Reichsanstalt in 1903 and was 
at that time without correction at 25.00®. 

In the summer of 1911, following the above work which was carried 
out in 1910 to 1911, the thermometer was recalibrated by the U. S. Bureau 
of Standards and found to have a correction of —0.035®. The true 
temperature of the experiments then was 24.97® instead of 25.00®. After 
receiving the new calibration the thermostat was brought to exactly 
25.00® and one more determination was made with the result recorded. 
By interpolation from the variations of pressure per degree from 24-26®, 
0.035® C. corresponds to a change in the vapor pressure of water of 0.05 
»Temperature, 25.00®. 
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mm., which added to the vapm* pressure values listed in Tables I, II and III, 
gives the values for 25.00”. It is significant, but can be taken duly 
as a coincidence, that ox>5 nun. added to the average of the determinations 
I to 8 in Table III give the values found in the single detaminations at 
25.00®. Table IV shows a comparison of the results obtained in this work 
with values given by several other observers at the same tempera¬ 
tures. 


Observer Method Pressure. 

Regnault*. Dynamic 23-55 

Lincoln and K.lein^. Dynamic 23.76 

llolborn and Henning-. Static 23.69 

Eckholm*. Interpolation formula 23.79 

Scheel and Heuse^. Static 23 76 

Krauskopf ^. Dynamic 23.71 

Derby and Daniels. Dynamic 23.75 


The limits of error of observation allowable are fairly large, t'onsidering 
the weight of water evaporated in each experiment. A variation qt 
0.01 mm. pressure in the above results corresponds to a weighing error of 
o.i mg.; a volume error in measuring the aspirated air of 5 ce.; a temi)era- 
ture fluctuation of 0.007®, error of 1 mm. in the barometer reading. 
The extreme variation in the final, most reliable, vseries of determinatiotis 
is seen to be 0.06 mm. which is a smaller variation than is found in the 
results of most other users of the dynamic metliod. This agreement is 
considered especially satisfactory, since most observers have used much 
larger volumes of air, and evaporated larger quantities of water. As 
may be noted, the volume of water evaporated is equivalent to not more 
than five or six drops from an ordinary buret. 

The speed at which air becomes saturated with vapor has been considered 
by previous investigators and while several believed this to be a slow process 
and consumed days for a single determination, Lincoln and Klein ^ proved 
that a rate of at least 16 liters per hour was not too fast, and Regnault*^ 
stated that 25 liters per hour gave satisfactory results. The above ex¬ 
periments go further and prove that air becomes completely saturated 
with water vapor in the saturator if run through as rapidly as 50 liters 
per hour (Determination No. 7, Table III) and this is probably far from 
the maximum speed with the above described saturator. This establishes 
the efficiency of the saturator as well as that of the absorption tube. 
It is evident, then, that a determination may be made in a very short 
time, the most time being consumed in waiting for the absorption tubes 

* Loc. cit. 

* Ann. d. Pkys., 865 (1908); calculated frtjm results aboVe 56®. 

» Arkiv. Muth. Astr. Phys., 4, 29 (1908). 

* Ann. d. Phys., [4] 3X, 715 (1910). 
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to come to constant weight, and this delay is avoided, as indicated, by 
having two or three sets of tubes. 

An important feature of the apparatus lies in the fact that barometric 
pressure is maintained throughout, except that a slight reduction of pres¬ 
sure is caused by the resistance of the whole train to the passage of the 
air during aspiration. This effect is negligible in the saturators wliere 
equilibrium is established. This is a distinct advantage over most previous 
apparatus, in which air has been bubbled through the liquid for saturation 
or through sulfuric acid in the absorption tube; for any error or correction 
due to the hydrostatic pressure of the liquid is avoided. 

In working with mixtures or solutions, the vapor pressure is not affected 
by change in concentration or cooling from evaporation, because the volume 
of the solution is large relative to the amount evaporated, and any slight 
lowering of the vapor pressure due to the above causes in the first bulb 
is corrected for by the passage through the fresh liquid in the second 
bulb in which little evaporation takes place and, hence, a negligible cooling 
and change of concentration occur. The rotation, too, prevents the forma¬ 
tion of layers of different concentrations, insures a thorough mixing of 
the liquid and exposes a large, continuously fresh surface from wdiich 
evaporation takes place. In addition to the above mentioned advantages, 
the apparatus, with the exception of the large thermostat^ niay be cheaply 
and simply made from materials available in any laboratory. 

The chief disadvantage of the apparatus lies in the fact that for a de¬ 
termination of each new liquid the saturator must he taken apart and 
the pearls removed, washed and dried, but with two saturators this 
delay is reduced to a minimum. A little practice is necessary, also, 
to operate the stopcocks accurately and rapidly. The method, too, is 
hardly suitable for use witli liquids of extremely high vapor pressures 
unless the absorbent is changed frequently. 

The apparatus as described is suitable for the measurement of vapor 
pressures not only of simple liquids but also of solutions and liquid mix¬ 
tures, and has been applied, as previously stated, for the determination of 
the vapor composition and partial pressures of water ethyl alcohol mix¬ 
tures. These results are soon to appear. The apparatus should be 
further admirably adapted to the accurate determination of vapor pressure 
of saturated solutions and solubility, for in place of the glass pearls the 
saturator might be filled with the crystallized salt, the liquid added being 
a nearly satimated solution. 

With the rubber connections the applications of the apparatus are lim¬ 
ited to substances which do not affect rubber. The recent discovery,^ 
however, of a method by which any substance may be metallic-plated 
by nearly any metal might allow of the gold or silver plating of the interior 
^ Schoop. 
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of all connections when the apparatus might be used for anythiiog not 
attacking glass. 

Summary. 

A very satisfactory apparatus for measuring vapor pressures has been 
devised and tested, of which the saturator has proved extremely efficient, 
and the aspirator accurate and convenient. 

Experiments show that air may be completely saturated with water 
vapor at the rate of at least 50 liters an hour in the above described sat¬ 
urator. 

The efficiency of phosphorus pentoxide as a very rapid absorbing agent 
is further confirmed. 

One determination of the vapor pressure of absolute ethyl alcohol at 
25® has been made and a pressure of 58.47 mm. found. 

The value of 23.70 mm. for the vapor pressure of water at 24.97® and 
23.75 25.00® has been obtained by this method. 

MinnsAPOL is. Minn. 
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THE POTENTIAL OP THE COPPER ELECTRODE AND THE 
ACTIVITY OF BIVALENT IONS. 

* By Gilbcrt N Lewis and William N La cry 
Received March 16. 1914. 

The determination of the E. M. F. of cells involving bivalent or multi¬ 
valent ions presents no greater difficulties than those which are met in 
the simple case in which only univalent ions are concerned. The inter¬ 
pretation, however, of the measurements of cells of the former type is by 
ho means easy. If ternary salts, such as CuCb or K2SO4, are employed, 
we have at present no means of determining the concentration of inter¬ 
mediate ions such as CuCl"’’ and KSOr, which may be, and probably are, 
present in considerable amount. Aside from this obstacle, there are at 
present no adequate data with whicli to calculate the degree of dissocia¬ 
tion or the activity of the ions in salts of higher type than the uni-univalent. 
For such a calculation it is necessary to determine the free energy of di¬ 
lution either by measurements of electromotive force, or of freezing point, 
or of some other property of the solution which is related thermodynamic¬ 
ally to these. 

The Free Energy of Dilution of Copper Sulfate .—^The electromotive 
forces of the cells Cu, CUSO4,0.05 M, Hg2S04, Hg, and Cu, CUSO4,0.005 
Hg2S04, Hg were first measured. Each cell consisted of two half-cells of 
the customary form. The copper electrode was prepared by surrounding 
a copper-plated platinum wire situated at the bottom of the electrode 
vessel with finely divided copper. This copper was at first obtained by 



THift POTENTIAI, of the COFFER KCECTROHE, ETC. 805 

the method of Richards’ in which a current of concentrated copper sulfate 
solution passes first through a hot tube containing metallic copper and 
then through a cold tube where copper is reprecipitated. The metal 
thus obtained was found, however, to be less satisfactory than that pre¬ 
pared by electrolyzing tenth normal copper vSulfate solution at sufficient 
current density to bring down a spongy nonadherent deposit.^ The 
spongy metal was allowed to stand in a solution of copper sulfate, of the 
concentration to be used in the cell, and was then carefully washed and 
transferred to the electrode vessel. As in the case of silver, the metal 
thus prepared seems to be free from the surface strains which characterize 
electrodes plated with a coherent film. Such electrodes, which have 
previously been used in the determination of the potential of the copper 
electrode, are entirely unreliable and will often differ in potential among 
themselves by a centivolt. When the current density is such as to cause 
the deposited film to break and to develop as a tree or sponge, the surface 
strains are, doubtless, to a large extent relieved, and, on standing in contact 
with the solution, rapid local action, due to the large surface exposed, will 
remove any portions of the metal which might still have a high potential. 

The copper sulfate was prepared from the commercial c. p. product 
by two recrystallizations. In order that the equilibrium between copper 
and cupric and cuprous ion might be as nearly as possible established in 
advance, the solution to be used in the electrode chamber was shaken from 
ten to twenty hours with finely divided copper in a thermostat at 25 
The half-electrodes were then set up and tlieir electromotive force meas¬ 
ured against one another and against the mercurous sulfate electrodes. 

The latter electrodes were prepared from pure mercur>" and from mer¬ 
curous sulfate obtained by the Hulett method.* These substances were 
washed by shaking them up together with the copper .sulfate solution, 
decanting the solution, and repeating this process as in the preparation 
of normal calomel electrodes. These electrodes proved to be admirably 
constant both in tenth and hundredth normal solutions and reproducible 
to o.oooi V. 

The copper electrodes, on the other hand, showed a greater variability. 
In the final experiments nine 0.05 M electrodes showed an average deviation 
from the mean of 0.00023 V. and fifteen 0.005 M electrodes an average 
deviation of 0.00036 V, Oxidation in the copper electrodes, owing to the 
presence of air, seemed to play no important role, as shown by the fact 
that similar results were obtained with electrodes in the complete ’absence 
of oxygen. The method of preparation of the copper electrode suggested 

* Z. physik, Chem., 3a, 321 (1900). 

* For the preparation of a similar silver electrode see Lewis, This Journal, a8, 
ISB (1906). 

* Phy$, Rev., 3a, 257 (1911), 
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the possibility that occluded hydrogen might be taking part in the electrode 
process, but if this were the case the potential would vary with the con¬ 
centration of H+, whereas experiments showed that the presencse of o,ooiN 
sulfuric acid in the copper sulfate solution made no change in the electro¬ 
motive force. 

The mean values for the two ceUs^ were 

Cu, CUSO4 0.05 M, HgiS04, Hg; E = 0.3928 V. 

Cu, CUSO4 0.005 M, Hg2S04, Hg; E = 0.4226 V. 

The difference between these two values, 0.0298 V., is the electromotive 
force corresponding to the free energy of dilution of copper sulfate from 
0.05 M to 0.005 M. Now this difference can also be calculated from the 
conductance values of CUSO4, assuming Kohlrausch's law and the validity 
of the laws of perfect solution, by the formula 



where y is the value of X/Xo at the concentration c. From the conductance 
tables given by Noyes and Falk,* y (0.05 M) = 0.396, y (0.00$ M) = 
0.629, and E = 0.0472 V., which differs from the measured value by 
0.0174 V. It is evident, therefore, that the assumptions upon which the 
above formulae are based are far less accurate in this case than in the 
case of the simple imi-univalent salts. 

Another method of calculating the free energy of dilution which, like 
the e. m. f. method, rests upon no questionable assumption, is the one in 
which the freezing point data are used. Unfortunately, few freezing-point 
determinations have been sufficiently accurate to justify their use in such 
a calculation. In the case of copper sulfate, however, the measurements 
of Hausrath* and Bedford^ between 0.0002 M and 0.03 M seem entirely 
reliable. Between 0.03 M and o.i M no values are available except one 
obtained by Jones, Getman and Bassett^ and one by Raoult.® We have 
nevertheless attempted to extrapolate the curve tlnough the points of 
Hausrath and Bedford up to 0.05 M.^ 

This curve was then employed to determine the free energy of dilution 

^ All Bieosureiuents were made in an oil thermostat at 25 00^. 

* This Journax., 34,454 (x 9 i 3 )- 

8 Ann. Phys., [41 9f 544 (1903). 

^ Proc. Roy, Soc., 83A, 459 (1910). 

* Landolt-Bdmstein-Roth, 4 Auff., 809. 

8 Z. physik. Chem., 2, 489 (1888). 

’ The freezsng'jxnnt curve that we have used passes through the points given in 
the following table. This table also contains similar data for H1SO4 to be used later: 


Mol. cone. 0.0005 0.001 0.002 0,003 o.oi 0.02 0,03 0.05 

Md. F. P. f CUSO4. 3.23 3.15 3.04 2.87 2.70 2,30 2.41 2.34 

Lowering \ Hg 2 S 04 . 5.34 5.26 5.15 4.94 4.71 4 46 4-32 4.16 
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of CUSO4 by means of the formula given by lycwis/j dPi — 292.2J (i/c) dB, 
where Fi is the partial molal free energy of the solute in calories, and c is 
the concentration in mols per thousand grams of water, at which the 
freezing-point lowering is 0 , The integration gives for the free energy 
of dilution between 0.05 M and 0.005 M, 1590 calories, and between 
0.005 M 0.0005 M, 1949 calories. 

The first of these values when multiplied by the mechanical equivalent 
of heat and divided by twice the Faraday equivalent gives 0.0544 V., 
which should be identicaP with the difference between the 1 C. M. F. of 
the above cell with 0.05 M and 0.005 M CuvSOi, namely, 0.0298 V. The 
difference of 0.0046 V. is probably due to our choice* of too high values of 
tlie freezing-point lowering at concentrations above 0.03 M, where it was 
necessary to extrapolate from the experiments of liausrath and Bedford. 

The second value, 1949 cal., corresponding to 0.0422 V., enables us to 
calculate from the E. M. F. at 0.005 M the E. M. F. at 0.0005 namely, 
Cu, CUSO4 0.0005 M, Hg2vS04, Hg; E = 0.4648* V. 

Now we will assume that at this high dilution the degree of dissociation 
is measured accurately by the concjuctivity, and the activities of the ions 
are proportional to the concentrations so measured. We may then write 
the equation, 2 

E = E° -- (RT/2F) In (CiP ‘ )(S()4 ■ ). 

Now from E = 0.4648 taking the degree of dissociation in o,(kh) 5 IVI 
as 0.862, we find E° = 0.2658 V. This is the electromotive force which 
would be exhibited by such a cell with Cu*^ ^ and SOy each at 
(hypothetical) molal concentration. E° is the difference between the 
two normal electrode potentials Cu, Cu^ and Hg, Ilg2S()4, 804^"". 

The Free Finergy of Dilution of Sulfuric -Cells of the form H2, 

H2S()4, Hg2S04, Hg were also investigated. The Hg2S()4 electrodes were 
made up as l^efore. The hydrogen electrode was of the form employed 
in other investigations in this laboratory and will be described in another 
place. Botli electrodes showed excellent constancy and reproducibility 
and the following results, representing in each case the mean of several 
determinations, may be considered correct to o.O(X)i V.: 

H2, H2SO4 0.05 M, Hg2S(^4, Hg; E = 0.7545 V. 

H2, H2SO4 0.005 M, Hg2S04, Hg; E =* 0.8160 V. 

In the case of a ternary electrolyte, which certainly dissociates in part 
into intermediate ions, conductivity data alone are insufficient for the 

1 This Journal, 34, 1635 (1912). 

* The freezing-point data give the free energy values at about o® and not at 25®, 
but the difference is smaller than the probable experimental error. 

* For a discussion of these equations and the notation employed, see Lewis, This 
Journal, 35 » 23 (1913)* 
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cctlculation of the costeentration of the various constituents, even wben 
the principle of Kohlrausch is assumed. Noyes and Stewart^ have at¬ 
tempted to determine the composition of solutions of sulfinric acid by 
combining the conductivity data, (a) with transference data, {V) with 
‘‘isohydric” data. The results of their calculations of the molal concen¬ 
trations of H+, 11804““ and SO4 — at concentrations 0,05 M and 0.005 
M are given in the following table: 



H+ 


S 04 —. 

0 05 M. 

(a) 0 0625 

• 0.0315 

0.0155 

(6) 0.058s 

0 0355 

O.OU 5 

0.005 M. 

(a) 0.0081 

(b) 0.00825 

0.0017 

0.00155 

0.0032 

0 00335 


Assuming the activity of these ions to be proportional to their concen¬ 
tration we would have the equations, 

E « — (RT/2F) In (H+)*(S04“) 

E' - E**' — (RT/2F) In (H+)(HS04"-) 

From our measurements E « E' ==.0.7545 V. at 0.05 M, and E = E' == 
0.8160 V. at 0.005 Substituting these values and the concentrations 
from the table in the formulae we find at 0.05 M, E® = 0.6299 V. (a) and 
0.6243 V. (6); at 0.005 M, E® = 0.6186 V. (a) and 0.6197 V. (h). The 
discrepancy between the values found at the two concentrations, amounting 
to XI millivolts (a) and 5 millivolts (b), shows in this case also, either 
that very serious errors have been made in determining the concentration 
of the ions, or that the activities are far from proportional to the con¬ 
centrations. The corresponding calculation of E®', involving only uni¬ 
valent ions, gives, as might be expected, more concordant results; thus at 
0.05 M, E®' = 0.6745 V. (a) and 0-6752 V. (6); while at 0.005 M, E®' « 
0.6724 V. (a) and 0.6714 V. (6). 

The freezing-point data for sulfuric add are far more numerous, but 
also less concordant, than those for copper sulfate. We have attempted, 
after plotting all the data, to construct the most probable curve between 
0.05 M and 0.0005 M. Sample points of the curve have been given in 
one of the previous footnotes. From this curve we calculate for the elec¬ 
tromotive force corresponding to the dilution from 0.05 M to 0.005 
E == 0.0613 V., which agrees surprisingly well with the difiference between 
the two E. M. F.'s measured above, namely, 0.0615 V. The similar 
calculation from 0.005 M to 0.0005 M gives 0.0731 V., so that we may cal¬ 
culate, 

H*, H1SO4 0.0005 M, Hg*S04, Hg; E »= 0.8891 V. 

By a sort of extrapolation from the values given by Noyes and Stewart 
at higher concentrations we estimate that in 0.0005 ^ HsS04 the con¬ 
centrations of and SO4 — are, respectively, 0.00097 M and 0.00047 M. 

' This JouRNiU., 32,1148 (1910). 
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Assuming now that at this high dilution the activities of the ions are 
proportional to the concentrations thus determined, we may as before 
write 

E * E® — (RT/aF) In (H+) 2 (SOr~), 
and substituting the numerical data we find E® = 0.6127 V. This is 
therefore the difference between the normal electrode potentials H2, 
and Hg, Hg2S04, SO4—. 

The Potential of the Copper Electrode ,—In the two preceding sections we 
have calculated for two cells the normal E. M. F., that is, the li. M. F. 
when the ion concentrations are (hypothetical) molal, namely, 

Cu, Cu++ il vS()4—. Hg^04, Hg; E" = 0.2658 V. 

Hs, H+ II SOr-, Hg2S04, Hg; E° = 0.6127 V. 

By subtracting we therefore find, 

Cii, Cu++ II H+, H2; E® - --0.3469 V., 
and taking the normal hydrogen potential as zero' the normal potential 
of the copper electrode is —0.3469 V. 

If, instead of using the data for 0.0005 M solutions, we make a similar 
calculation using the data at 0.005 taking the average values of Noyes 
and Stewart, and making the .same assumptions as to proportionality of 
activity and concentration, we find E® = —0.3445 V. The difference 
between this value and that obtained from 0.0005 solutions, amounting 
to 0.0024 V., might possibly be due to errors in the freezing-point data 
which we have employed, but probably indicates that even at a dilution 
of 0.005 ^ simple laws of dilute solutions do not hold accurately when 
bivalent ions are involved. We shall therefore accept as the best ob¬ 
tainable value for the normal electrode potential of copper against cupric 
ion a/ 25®, E® = —0,346^ V,, which is probably correct to about one 
millivolt. 

A more obvious method of determining the normal electrode potential 
of copper is at present less accurate, but we have attempted to use this 
method also. Cells were constructed of the type: Cu, CUSO4 0.005 M, 
CuS()4 0.05 M, MgS04 0.05 M, KCl o.i M, KCi i.o M, HgCl, Hg, giving 
E = +0.0232 V. The first liquid potential CUSO4 0.005 M, CuS(>4 
0.05 M was calculated from the formula 

E = ^ In 

u + V 2 ¥ TtCi 

Taking u as 78.8 and v as 54.2, S «* +0.0044 V. This value must, however, 
be considered uncertain, as it is doubtful how valid the formula is in a 
case of this kind. The potential CUSO4 0.05 M, MgS04 0.05 M may be 
* Lewis, This Journal, 35, 24 (1913). It should be emphasized that the potential 
so stated is not the same, either in magnitude or sign, as the value tk stated accotding 
to the recommendations of the committee of the Bunsen Gesellschafl. 
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Qc^lected, since the mobilities of Mg+^4aid Cu'^'*' are almost identical; 
in fact, the omission d Mg604 from the chain altered the total £. M> F. 
by only 0.0001 V. The potential MgS04 0.05 M, KCl 0.1 M has been 
measured directly by Faragher^ and found to be +0.0016 V. The 
potential KCl o.oi M, KCl i.o M is calculated to be +0.0004 V. We have 
therefore exclusive of liquid potentials Cu, CUSO4 0.005 M 11 N. E.; 
£ = 0.0168 V. Assuming that the concentration of Cu'*'+ is 0.00315 M 
in CUSO4 0.005 and that the activity is proportional to the concentra¬ 
tion, we calculate for the normal potential of copper against the normal 
electrode 

Cu, Cu++ II N. E.; E° = -0.0571 V. 

Now we have 

Hs, H+ II N..E.; E® = +0.2776 V.* 
and subtracting gives 

Cu, Cu++ II H+, H*: E°-0.3347 V. 

which is the value obtained in this way for the normal potential of copper. 
This differs from the more accurate value obtained above by more than 
one centivolt. The large discrepancy is doubtless partly due to the assump- 
tion that the concentration and activity of Cu"^"^ in CuSOi 0.005 M can be 
calculated directly from the conductivity, but is probably chiefly to be 
ascribed to the uncertainty in the liquid potentials, especially that between 
CUSO4 0.005 M and 0.05 M. 

BEKKC1.EY. Cal. 
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I. Purpose of the Investigation. 

When the degree of dissociation of an electrolyte is calculated from the 
conductivity ratio in the usual manner, the assumption is made that the 
relative mobilities of the ions and hence also the transference numbers 
for the electroljrte are independent of the concentration. This assump^ 
tion is approximately true for most dilute salt solutions, but in some in- 

* Thi.s work is about to be published. 

* Ba.«tcd upon measurements of Sebastian aliout to be published. 
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stances, notably in the case of lithium chloride,^ the condition is apparently 
not fulfilled. In the case of strong acids, also, the transference number 
in the concentration range 0.005 o.i normal, as obtained by direct meas* 
urement, is not in agreement with the ordinarily accepted value for the 
conductance of the hydrogen ion at infinite dilution.* 

In such cases the degree of ionization may be calculated from the values 
of the individual ion conductances, as explained in a previous paper.* 
The expression, there derived, for the degree of ionization, 7, of hydriodic 
acid is 


T 


ATi 

Aoi 


(i) 


in which A is the equivalent conductance of the hydriodic acid solution, 
(t?/i?o) is its relative viscosity, Ti is the transference number of the iodide 
ion constituent in the solution and Aoi is the equivalent conductance of 
the iodide ion at infinite dilution. 

At the time of the investigation referred to, the above data were not 
available in the case of hydriodic acid solutions. Consequently the con¬ 
ductances of several such solutions were determined and these values, 
together with some preliminary values of the transference number, were 
made the basis of the calculations in the previous paper. vSince then other 
more careful and complete conductance determinations have been made 
and the transference measurements completed. It is the purpose of the 
present paper to present the results of these determinations and the 
values of 7 to which they lead. 

2. The Transference Experiments. 

The transference number was determined by the Hittorf method, using 
a silver anode and a silver iodide cathode. At the end of each experiment 
three middle portions as well as both electrode portions were analyzed 
fn order to make sure that no mixing had occurred. 

The apparatus employed is shown in the accompanying diagram (Fig. i). 
In order to prevent mixing from convection currents due to local heating, 
the constricted portions of the apparatus were, with one exception, placed 
at the top so that the heated portions could not rise and cause stirring. 
Th^ exception occurs in the stopcock at the bottom of the anode section, 
A . This was made small on account of the difficulty in constructing one 
with a bore as large as that of the rest of the apparatus. Convection cur¬ 
rents at this point, however, could cause stirring only within the anode 
portion and so would result in no harm. The apparatus was made in 
three sections, which were connected by rubber tubing at the points 


* Cf. Washburn, Proc, Amer, Ekctrochem, Soc,, ax, 134 (1912). 

* See Noyes and Falk, This Journal, 33, 1460 (1911). 

3 Washburn and Strachan, This Journal, 35, 690 (1913V See, further, Washburn, 
Loc. cit. 
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d mi e. The anode poclioa amended from the anodes A, to the stopoodc, 
md the cathode portioii from the cathode, C, to the dotted line c. The 
remainder of the apparatus was designed to contain the three middle 
portions which are c^led the anode middle, the middle, and the cathode 
middle, and are designated, respectively, by the ktters Af^, M, and 



The three sections of the apparatus were of such sizes that the portions 
of the solution withdrawn for analysis amounted to about 250 cc. each, 
thus making it possible to secure an accuracy of about 0.01% in the analyses 
of the more dilute solutions. 

The anode consisted of a silver spiral made of several hundred tum% 
of fine wire in order to obtain a large electrode surface. Before using, 
it was cleaned by dipping in warm nitric acid until it was violently at¬ 
tacked, and then washing several times with water. After being dried, 
it was suspended in the top of the anode section of the apparatus and con¬ 
nected as shown in the figme. The cathode consisted of a few turns of 
silver wire which had been cleaned in warm nitric acid and coated with 
a thin layer of silver iodide by electrolysis. The wire so prepared, after 
it had been placed in the transference apparatus, was covered with an ex¬ 
cess of freshly precipitated silver iodide as indicated in the figure. 

The silver coulometers used in this investigation were of the ordinary 
filter paper type, the cathode consisting of a platinum dish and the anode 
of a silver button wrapped in filter paper. One coulometer was connected 
to the anode, and the other to the cathode as shown in Pig. t, in ^der to 
detect any loss of the current that might occur during the experiment. 
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Preparation of Materials. Water .—^All water used was conductivity 
water obtained from a special still. 

Hydriodic Acid .—Iodine was distilled from potassium iodide solution, 
and then reduced by yellow phosphorus and water. The resulting crude 
product was distilled twice in an atmosphere of hydrogen, and yielded 
a perfectly colorless distillate which boiled at 127®. Solutions of various 
concentrations were prepared by diluting this acid with the requisite amount 
of air-free distilled water, the exact concentration being determined by 
precipitating the iodine as silver iodide. In some of the earlier experi¬ 
ments the crude acid was distilled in contact with the air. The distillate 
in those cases was colored dark brown by the free iodine. When this had 
been removed by shaking the solution w'ith benzene, the same transference 
number was obtained as when the originally iodine-free acid was used. 
These earlier exj^)eriments are, therefore, included with the later. During 
the transference experiments some free iodine appeared in the solution, 
owing to the reaction 4HI + 02 = 2H2O + 2I2, but this was shown by 
analysis never to exceed a few hundredths of a per cent. 

The silver nitrate used both for the analyses and in the coulometers was 
Kahlbaum’s c. p. salt. A 20% solution was used in the coulometers. 
It was usually freshly prepared, and never used more than twice. A 
0.03 normal solution was used in the analyses. 

Experimental Procedure .—The apparatus was thoroughly cleaned and 
dried, and the three glass parts placed in the supports and joined at 
d and c. The electrodes were inserted and the cathode covered with about 
3 g. of freshly precipitated silver iodide which had been washed re¬ 
peatedly with the solution to be used in the experiment. Then the cathode 
side was filled with the solution, care being taken not to stir up the silver 
iodide on the electrode. To accomplish this the solution was poured ver\' 
slowly through a dropping funnel with a long stem, at the lower end of 
which w’as an upward hook with a small opening. While the hydriodic 
acid was being added the funnel was gradually raised sc3 that the liquid 
would be delivered just at the surface of the solution already in the ap¬ 
paratus. After this the other sections of the apparatus were also filled 
with the solution. Air bubbles were removed by means of a clean dry 
rod. The anode spiral was fixed so as to occupy a povsition about three 
centimeters above the stopcock. This left considerable solution above 
the electrode, which stirred slowly during the run and prevented the ex¬ 
haustion of the electrolyte in the immediate vicinity of the electrode. 
To prevent any leakage of the solution or current, all joints of the apparatus 
were covered with liberal amounts of melted beeswax, and tlie lead wire 
from the cathode was conducted out of the bath through a rubber tube. 
The whole apparatus was then placed in the thermostat to such a depth 
that the water of the bath and the solution in the apparatus were at the 
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dame level so as to diminate hydrostatic pressure. The electrical oon> 
nections were then made as shown in the diagram. 

After the solution had come to the temperature of the thermostat, 
which was maintained at 25^, the circuit was closed, and the rheostat, 
Rf adjusted to give the proper current strength. The strength of the 
current and the duration of the experiment varied with the concentration 
of the solution. In most cases the current was about 30 milliamperes, 
and the time about eight hours. 

As soon as the experiment was completed, the circuit was broken and 
the stopcock closed. Then by introducing a clean, dry pipet into the 
apparatus through the small tubes at the top, samples of the three middle 
portions were obtained. These were transferred to tared Erlenmeyer 
flasks and weighed. After the removal of these portipns the anode and 
cathode lead wires were disconnected, the apparatus taken out of the ther¬ 
mostat and dried on the outside. It was then disconnected at d and c 
and the anode and cathode sections were stopped with paraffined rubber 
stoppers. Next, the glass stopcock in the anode section was opened and 
the anode portion mixed thoroughly by shaking. The contents of the 
cathode section'were mixed in a similar manner. The two parts of the 
apparatus containing the electrode portions were then cleaned and dried 
on the outside and weighed to the nearest milligram. As much of the 
clear solution from the anode as possible was then transferred to a tared 
Erlenmeyer flask, weighed and analyzed. The anode section, together 
with the silver spiral, was washed, dried with alcohol, and weighed. This 
weight, subtracted from the weight of the anode section filled with the 
solution, gave the weight of the anode portion. The bulk of the cathode 
portion was filtered through a tared Gooch crucible into a clean, dry 
filter flask. The filtrate was immediately transferred to a tared Erlen¬ 
meyer flask and weighed, and served as the sample for analysis. The 
residue from the cathode, which con.sisted of gray metallic silver and silver 
iodide, was left in the Gooch crucible, and was washed, dried and weighed. 
The empty cathode section was also cleaned, dried and weighed. In 
order to obtain the weight of the total cathode portion the weight of the 
cathode section plus the weight of the silver and iodide in the Gooch 
cntcible was subtracted from the weight of the cathode section before it 
was emptied. 

All the solutions were analyzed by precipitating the iodide as silver 
iodide by a 0.03 normal silver nitrate solution. Before precipitation, 
the hydriodic acid solution was decolorized with a few drops of sodium 
sulfite and then diluted to 0.03 normal. Baxter^ has shown that at this 
concentration of hydriodic acid and silver nitrate there is little danger 
of occlusion taking place during the precipitation. 

^ Proc. Am, Acad. Arts and M., 41, 78 (1905). 
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Calculation of Results, — Tb^ calculation of the transference numbers 
given in Table I was made in the following manner. The mass of water 
in the electrode portion was obtained by subtracting from the weight of 
the portion the weight of hydriodic acid contained in it. The mass of 
the water was then multiplied by the ratio of hydriodic acid to water in 
the original solution, and thus the muvss of hydriodic acid in that amount 
of water before electrolysis was obtained. To determine the mass of 
hydriodic acid transferred, the mass of hydriodic acid present in the elec¬ 
trode portion before electrolysis was subtracted from that present after 
electrolysis in the case of the cathode portion, and vice versa in the case 
of the anode portion. The transference number of the cation was obtained 
by dividing the number of equivalents of hydriodic acid transferred by 
the number of equivalents of electricity passed through the solution. 

The results of the transference-number measurements are given in Table 
I, the number at the top of each column being the number of the experi¬ 
ment. Concentrations are expressed in equivalents per 1000 g. of solution. 

Tabi.k T --Transpurknce Number ok Hydriodic Acid at 25° Data and Results. 

1. 2. 3. 4. 

Coucfiitration. . 02 o 16 0.09 0.06 

Wt. Ag in coulomcler A. 1.3272 i (X)84 0.6891 0.7239 

Wt. Ag in conlomcter C. . . 1 3269 i 0076 06886 0.7239 

Wt. electrode portion A *07.313 203 .47* 19258 202811 

Wt. electrode portion C.237.704 239.261 236.663 236.376 

% HI in portion M«. 2 1064 1.1897 0.70501 

% HI in portion M . 2.6527 2 .io6cj 1.1889 0.70452 

% HI in portion . 2.6528 2.1070 i. 1888 0.70392 

% HI in portion A. 2.0112 1.6317 0.84169 0.36619 

HI in portion C. 3 1818 2 5085 i 4686 1.0233 

Equivalents of electricity . 0012301 00093*44 0.0063859 0.006710 

Grams HI transferred (A) .... 1 2987 0.9859 06762 0.7076 

Grams HI transferred (C). 1 29*5 0.9839 06700 0.7035 

Transference no of cation (A) o 825 0.825 0.828 o 825 

Transference ho. of cation (C) n 821 0.823 o 820 o 819 

The values of the transference number contained in Table I are sum¬ 
marized in Table II. 

Tabi,e II.—Transference Number ok Hydriodic Acid at 25°. 



Transference number as calculated from 

Concetitration. 

Anode portion. 

Cathode portion. 

0.20 

0.825 

0.821 

0.16 

0.825 

0.823 

0.09 

0.828 

0.820 

0.06 

0.825 

0.819 

Mean. . 

.... 0.826 

0.821 

A. D... 

. , . . 0.001 

0 oot 


An examination of the table shows that the value of the transference 
number calculated from tlic cathode portion is in every case smaller than 
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that <Hsdculated from the anode portioii. This difference i$ greater than 
the experimental error and require an explanation. It can not be at* 
tribnted to the formation of the slow moving Agis" ion at the cathode, for 
a simple calculation shows that this ion could move toward the anode 
but a few centimeters dining the course of the experiment, and so could 
not remove any iodine from the cathode portion.' The source of the dis¬ 
crepancy in the values obtained from the two electrode portions undoubt¬ 
edly Iks in the adsorption of some of the acid by the silver iodide cathode. 
The concentration of acid in contact with the cathode may change during 
the course of the experiment from about o. i normal to 0.4 normal or higher. 
It is to be expected that the silver iodide will adsorb a greater amount of 
acid in contact with the stronger solution. Any acid so adsorbed would 
be removed when the silver iodide was separated from the cathode por- 
ticm of the solution. Consequently the value of the transference number 
derived from the cathode portion would be too small. A brief experi¬ 
ment was made in order to test this hypothesis. A weighed amount of 
silver iodide was shaken with a weighed amount of hydriodic acid solution, 
the strength of which was accurately known. After having stood over 
night a portion of the acid was removed and analyzed. In this way it 
was found that, after correction was made for the water originally present 
in the silver iodide, 5 g. of the latter had removed 0.0190 g, of acid from 
a 0,1 normal solution, and 0.0256 g. from a 0.4 normal solution. This 
result is not in quantitative agreement with the results of the trans¬ 
ference experiments, yet is sufficiently close to show the cause of the dis¬ 
crepancy, and to indicate this as the probable source of error in the above 
transference experiments. For this reason the value 0.826 obtained from 
the concentration change of the anode portion has been adopted as the 
transference number of the cation of hydriodic acid.® Within the concen¬ 
tration range studied it appears to be independent of the concentration. 
3. The Relative Viscosities of Hydriodic Acid Solutions. 

We are indebted to G. Y. Williams for measurements of the vis¬ 
cosity of the acid in the quartz viscosimeter devised in this laboratory.® 
Two solutions were examined, one of 0.1963 normal concentration, and 

' That some HAgls is formed at the cathode is evidenced by the slight precipitate 
of silver iodide which occurred when the cathode portion was diluted preparatory to 
analysis. Such a precipitate occurred only when the stronger solutions of acid were 
used, and then, of course, was filtered out of the solution before proceeding with the 
analysis. 

* An additional reason for accepting this value as the correct one is the fact that 
when it is substituted in the equation A* » A/Ta — A© i(i?o /fi) the value 364 is obtained 
for the equivalent conductance of the hydrogen ion, which agrees with the observations 
of Noyes and Sammet based on transference experiments with hydrochloric add, 
loc . cit . For vdues of A and (i>o M see Table III. 

* Washburn and Williams, This Jouxnai., 3 S^ 7.37 (1913)- 
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the other 0.09839 normal, and their relative viscosities found to be 0.9954 i 
and 0.99660, respectively. Values of the viscosity at other concentra- 
timis were obtained by linear interpolation. 

4. Conductance and lonkation. 

The conductance measurements were made by the Kohlrausch method, 
the pipet form of conductance cell in use in this laboratory,' and the ex¬ 
tended bridge wire described by Washburn and BelF being employed. 
All of the glass apparatus employed in handling the solutions was cleaned 
with warm chromic acid cleaning-mixture and steamed out for several 
hours before being used. The amductivity water was obtained from 
a special still and had a specific conductance of 0.6 X 10*"* mhos at 25®. 
Two stock solutions of hydriodic acid were prepared, one being about 
0.2 normal and the other about 0.02 normal. Each was carefully analyzed 
by precipitating the iodide as silver iodide. The rest of the solutions 
were made by diluting weighed amounts of the stock solutions with weighed 
amounts of conductivity water. 

Immediately after the preparation of each solution its conductivity 
was measured. The solutions remained almost if not quite colorless 
during the determination. After filling tlie conductance cell, it was 
placed in the thermostat at 25 ^ 0,01 ®, and left there a short time. The 
conductance was then measured twice at intervals of fifteen minutes, 
in order to Im* sure that the solution had attained the temperature of the 
bath. The cell was then emptied and refilled with the solution and 
another measurement made. The various determinations of the conduct¬ 
ance of the same solution agreed within less than 0.02%. The conductance 
cell was one that has been in use in this laboratory for a number of years, 
and has a cell constant of 0.6222. It was calibrated again by means of 
a o. i normal solution of potassium chloride just before being used in this 
investigation, and the constant found to be unchanged. 

The results of the conductance measurements are shown in Table III. 
Column I contains the concentrations in equivalents per liter of the 
various solutions measured, and Column II their respective equivalent 
conductances expressed in reciprocal ohms. Column III contains the densi¬ 
ties corresponding to the concentrations shown in Column I. The fig¬ 
ures in Column V are the equivalent conductances at the round concen¬ 
trations shown in Column IV. They were obtained from the figures in 
Colunms I and II by graphical interpolation. The conductances of solu¬ 
tions above o.oi ncnmal were read off a curve obtained by plotting the 
equivalent conductance, A, against the concentration, C. In order to 
arrive at the conductances at round concentrations below 0.01 normal 
and the conductance at zero concentration, i/A was plotted against 

^ Washburn and Maclnnes, This JouiiNAtr* 33^ 1686. 

* Washburn and Bell, Ibid,, 35, 177. 
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(CA)" in die usual way, employing* <li 0 erent values of w until one was 
found that made the curve nearest to a straight line* In this way 0*40 
was obtained as the value of n. The equivaletxt conductance at aero 
concentration was found be 426.^. The eqtnvalent conductance of 
the iodide ion may be taken to be 76.5, which makes that of the hydrogen 
ion appear practically 350, a result obtained by a number of observers. 
The measured values of A for the concentrations 0.002 and 0.001 normal 
fall below the curve drawn through the points corresponding to the values 
shown in Column of V the table. Owing to the uncertainty which exists 
as to what water correction should applied to the measured conduct- 
ances of very dilute solutions, it is difficult to state whether the interpolated 
or the measured values are the most nearly correct. Other observers 
have noted the same phenomenon.* The water correction was applied 
by subtracting the specific conductance of the water from that of the 
solution. 


TabIvK III.*— Conductance and Dissociation op Hydriodic Acid at 25®. 1Q13 

Atomic Weights. 


I. 

II. 

III. 

IV. 

v 

VI. 

VII. 

VIII 

c. 

A. 


c. 

A. 

itt / no . y 

* ATa/Aoi(i7 

7-A/Ao(^ V) 

0.2217 

381.2 

I .0181 

0.200 

383 0 

G 9954 

86 71 

89-45 

0.1124 

391-8 

1.0082 

0. 100 

393.6 

0.9966 

89.21 

92 .<J 4 

0.05435 

400.4 

1.0025 

0,050 

401.2 

0 9980 

91 07 

W -95 

0.02507 

406.6 

0.9996 

0.020 

408 2 

0.9992 

92 77 

95 70 

0.01036 

412 2 

0.9980 

0.010 

412.4 

i 0000 

93.80 

96.76 

0 005144 

415.5 

0.9975 

0.005 

415-7 

I.0000 

94-55 

97.54 

0.002152 

417*5 

0.9972 

0.002 

418.7 

I 0000 

95-23 

98.24 

0.001009 

418.6 

0.9971 

0 001 

420 5 

I.0000 


98 66 

.... 


0.9971 

0.000 

426.2 

1.0000 


100 00 


In Column VII of the table, values of the degree of dissociation of the acid 

‘ Goodwin and Haskell, Proc. Am, Acad,, 40, 514; Bray and Hunt, This Journal, 
33» 786 (1911). 

* The values of the degree of dissociation shown here differ from those used in 
calculating the equilibrium between arsehious acid and iodine (This Journal, 35, 
690) by about i %, the discrepancy Mng to an error in calculating the concentra¬ 
tions of the solutions employed in the former investigation. The figures shown here 
indicate that the true value of the arsenipus add iodine equilibrium is 4% higher than 
that given iloc. cit.), that is, 5.76 X io~* in place of 3.54 X lo”*, a difference, however, 
which is within the experimental error in determining this constant. Another more 
serious error occurs in Part III Of the former investigation where the details of the 
calculation of the heat of the reaetton are presented. Some of the thermochemical 
data employed in this calculatioa were not corrected for the work of the process. When 
these corrections are made a heat effect pf 1540 calories is obtained and this heat effect 
indicates that the equilibrium constant decreases with rise in temperature, a result 
which is contrary (in sign) to the observations of Roebuck. This result is probably 
to be attributed to errors in some of the thdtUochemical data emifioyed, and the ques¬ 
tion of the value of the heat of the reaetkm must be left open until the equilibrium has 
been studied at another temperature. 
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calculated by use of the formula 7 =* ATi/Aoi(t?Ao) are given, and in Column 
VIII, for the sake of comparison, values calculated by use of the relation 
7 » A/Ao(i7/i;o). The difference in the two sets of values is about 3%. 

Since no transference numbers have been determined at concentra¬ 
tions lower than 0.002 normal, corresponding values of the degree of dis¬ 
sociation are not shown in Column VII. In fact no measurements of the 
transference number of hydriodic acid have been made at concentrations 
less than 0.05 normal. However, since neither the transference number 
of hydrochloric^ nor that of nitric acid^ shows any marked change of value 
in the range 0.05 to 0.002 normal, it is probable that that of hydriodic 
acid also does not. Consequently the ionization values are shown at 
concentrations as low as 0.002 normal. The formula presented in the 
introduction, if applied to the figures shown in Table HI using the trans¬ 
ference number 0.174, would indicate only 97^/f dissociation at infinite 
dilution. As has been pointed out, either the transference number is 
different at these low concentrations, or what seems much more reasonable, 
the conductance measurements are at fault. 

5. Summary. 

1. The transference number of the cation of hydriodic acid at 25® 
is 0.826 ^ 0.001 between the concentrations 0.2 and 0.06 normal. 

2. The conductances of hydriodic acid solutions have been measured 
and the degree of dissociation calcnilated for tlie concentration range 
0.2 to ox)02 normal. 

3. Adsoq)tion of hydriodic acid by silver iodide is shown to be a source 
of error in transference experiments made with a silver iodide cathode. 

We desire to express our indebtedness to Iv W. Washburn for liis kind 
criticism of this work. 

UnIVKRSITY of MiNNKWjTA. MlNNBAPOUb 


THE PURITY OF FUSED LITHIUM PERCHLORATE, AND ITS 
BEARING UPON THE ATOMIC WEIGHT OF SILVER.’ 

Bv Thkodoke W. Richards and Marshall W Cox 
R«tceivecl March 6, 1914. 

In a comprehensive research upon the atomic weights of lithium and 
silver, H. H. Willard and one of the present authors^ devised and perfected 
an entirely new method for determining the latter of the two atomic 
weights. This method involved the treatment of pure anhydrous lithium 

» Noyes and Sammet, This Journal, 24, 944 (1902); 25, 165 (i9f>3) 

* Noyes and Kato, Ibid,, 30, 318 (1908). 

® A brief notice upon this topic was presented to the Eighth International Congress 
of Applied Chemistry in New York in September, 1912, and printed in the Original 
CommunicaHcns of this Congress, 25, 157. 

* Richards and Willard, Publ. Carnegie InsL, No. 125. 



820 


rammm Wt tacmnm and umsuALu w. < 30 X. 


chloride with excess of perdUoric add^^aiid the diying of tiie Uthjuni per¬ 
chlorate thus fcMised for a Icmg time in a state of fusion at a temperature 
of about 3Po^» From the weights of factor and product, together with the 
ratio of lithium chloride to silver (determined at the same time in another 
series of analyses made in the usual way), it is easy to calculate the atomic 
weight of silver with reference to that of oxygen in the following fashion. 
Assuming that four times the atomic weight of oxygen is 64,000: 

Ag /_LiCl _ \ jLg 

64.000 * VLiClO/—LiCl/ UCl 

The value of the outcome depends as usual upon the purity of the three 
solid substances concerned. Silver is capable of being made nowadays in 
a state of great purity. Lithium chloride also can be prepared in a state 
vwy free from contamination, even with water, by methods elaborated 
at Harvard; but lithium perchlorate, which has been less studied, cannot 
be heated to a red heat without decomposition, and its freedom from volatile 
impurities is less certain. This fact was fully appreciated by the experi¬ 
menters, and they promised to investigate further the question concerning 
the purity of the lithium perchlorate. 

Obviously, any water retained by this salt would decrease the apparent 
atomic weight of silver, by increasing the denominator of the fraction 
within the parenthesis. On the other hand, any trace of decomposition 
sufifered by the salt would have the opposite effect. The resulting con¬ 
tamination of the perchlorate by chloride or chlorate is easy to detect; 
but the retention of xninute traces of water is much more difficult to dis¬ 
cover. The present investigation, which has been greatly prolonged be¬ 
cause of the subtle nature of the problem, has primarily to do with the ques¬ 
tion as to the anhydrous condition of the lithium perchlorate, and we lake 
pleasure in stating that the question, if not wholly settled, has now at 
least been carried much further than before. The evidence now available 
points towards the improbability of the retention of w^eighable amounts 
of water by lithium perchlorate at 300®. It is true that this result was not 
wholly imexpected, for the salt came to .satisfactory constancy in weight, 
even at 280®, and a rise of 30® had no effect upon this weight. More¬ 
over, one of us, in collaboration with G. S. Forbes, showed, some time 
since, that silver nitrate, a salt nearly as soluble as lithium perchlorate, re- 
taiiied practically no water at all at a much lower temperature, namely, 
200®. Nevertheless, the outcome is satisfactory, and leads one to believe 
that the method under discussion for determining the atomic weight of 
silver is one of the very best. 

At first sight the problem involved in determining the trace of water 
possibly held by the salt might appear to be a simple one. It is merely 
necessary to decompose pure lithium perchlorate (which has been fused and 
dried to constant weight at 300®) and to determine the weight of water 
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which may be evolved among the products of decomposition. But in 
decmnposing a salt by heat under these conditions a portion of the solid 
is carried along with the stream of gas in a state of subdivision so fine as 
to evade capture in any ordinary train of purifying towers. If the com¬ 
plication of this train is greatly increased, the chance of losing a trace of 
water altogether on the one hand or fortuitously collecting water from some 
other source is a serious one. 

Two methods of attack were considered. At first it was thought that 
oxygen and water, and any trace of chlorine evolved, might be condensed 
together by means of liquid air. The powder would then be held in the 
condensed liquid, and would doubtless be left behind when the oxygen was 
allowed to evaporate.^ The problem of driving the w^ater off from the 
remaining small amount of solid and collecting it in phosphorous pentoxide 
would obviously be easy. 

After several trials, however, this method was abandoned in favor of 
another, yet simpler. The gas evolved by decomposing the perchlorate, 
carrying with it exceedingly fine powder and traces of chlorine, was passed 
first through a warm coil of closely packed finely divided silver wire to 
remove the chlorine, and tlien through a porous porcelain diy’-filter or 
'‘dust-trap’* to remove the powder. The water in the gas thus purified 
could be easily determined in the usual way. 



The shaded portion indicates the porous cylinder; the black spots show where .silver 

chloride was used as cement. 


The coil of silver wire is an old device for the purpose of removing un¬ 
desired chlorine. Its efficiency was shown by the fact that the portion of 
the silver nearest to the decomposing salt was tarnished, whereas the greater 
part of the coil kept its original lustre through many experiments. 

The ''dust-trap'* also is not an entirely new idea. It was used by one 
of us in collaboration with Kothner and Tiede, in an investigation upon the 
atomic weight of nitrogen in 1907.^ For the present purpose it was neces¬ 
sary to construct a filter which would certainly neither retain a trace of the 
water, nor evolve any into the stream of air passing through it. Moreover, 
the pores of the filter must be so fine as to allow no appreciable weight of 
^ This method was proposed by one of us in 1907, and was used with $uccess in a 
somewhat analogous case by Stfthler and F. Meyer, Z, anorg. Chem., 71, 378. 

• Z, anarg, Chem., 6x, 320 (1909) ; Tms Journal, 3X1 6 (1909) Others also have 
doubtless employed it. 





822 


TimOtX^lUS W. RICHA»t)S AND MARSHAtt W. COX. 


the fine dust from the decomposing salt to pass through them. Afta' a 
number of experiments we found that a fine-grained unglazed ''Pukal** 
porcelain cup, of the sort used in the coulometer or voltameter in 1899,’ 
and since so strongly recommended for the purpose by E. B. Rosa, answers 
admirably. As a cement to connect this porcelain to the rest of the 
apparatus, fused silver chloride was found to be the most convenient sub¬ 
stance. Each question involved was of course carefully tested. In the 
first place, a cup (previously cleaned by washing thoroughly with nitric 
acid and soaking for several days in many portions of distilled water until 
all add was removed), was dried in an electric oven, cooled in a desiccator 
'and weighed. The cup was now moistened with water, and again dried 
at 300®, cooled and weighed. This was done three times, with the result 
that during the whole period the cup remained constant in weight within 
two-hundredths of a milligram, the limit of the sensibility of the excdlent 
balance used. 

In order to test the fineness and evenness of grain of the cup, and to be 
sure that it was properly cemented to its glass support, it was wholly 
submerged in water after it had been cemented into place, and air was forced 
through it under pressure. If small bubbles formed rather slowly over the 
whole surface of the porcelain, sufficient evidence was obtained that air 
really passed through the many small passages in the walls, but if a rush 
of bubbles appeared from one or two points, the cup was obviously im¬ 
perfect and was discarded. A similar test might be applied with advantage 
to cups used for the coulometer. No great trouble was experienced in 
finding cups which would pass this test; the main difficulty usually appeared 
where the porcelain .was cemented to the glass. Ver>" pure silver chloride, 
free from any infusible impurities or dust, was required to serve as a cement 
if a perfect joint was to be made. 

Obviously it was necessary to collect in a perfectly unaltered condition 
all the gas emerging from the “dust-trap.'* Accordingly the porcelain 
cup was surrounded with a slightly larger ^lass tube. This wide tube was 
sealed by an inside joint to the narrow tube bearing the cup, and the open 
end of the surrounding jacket was drawn down to a small tube which 
could be connected with the quantitative drying apparatus. The completed 
dust-trap is shown in Fig. 1; it would allow air to pass under moderate 
pressure at the rate of two or three ordinary bubbles per second, and main¬ 
tained its efficiency through a long series of experiments. 

The air-filter thus constituted was found to be so efficient in its operation 
and so free from any disturbing effect that another one of the same type 
was used in purifying the air used for drying the perchlorate before its 
decomposition. The fact has long been known that minute particles of 
^ Richards and Heimrod, Proc. Am. Acad., 35t 123 (1899); Z. phyHk. Chem., sh 
339 {1900). 
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dtist iiot viable to the naked eye may be carried in a current of gas through 
mahy feet of tubing, or even, in bubbles, through deep layers of liquid. 
Clearly, then, it is important whenever a substance is to be dried in a 
considerable current of air, that this dust should be eliminated; for it 
might easily contaminate to some extent the pure substance to he treated. 
As will be shown, the outcome in the .present case justified these considera¬ 
tions in a striking way, and indicated that in any such case a “dust-trap’^ 
of this sort should be employed if the highest accuracy is sought. This 
outcome in its bearing upon acciuate work in general is one of the most 
interesting of the points enforced by tlie present research. 

The point is most clearly demonstrated by a comparison of the ex¬ 
perience of different experimenters upon lithium perchlorate. Potilitzin^ 
found that the decomposition of lithium perchlorate into chlorate and 
chloride proceeded very rapidly at 268®. Rickards and Willard were able 
on the otlier hand to subject the salt to continued treatment at 300° with 
a barely perceptible trace of decomposition. Their salt and the air with 
which it was in contact were both doubtless much purer than Potilitzin^s; 
evidently impurities incite catalytic decomposition. At 350° the two 
Americans found that the salt decomposed so violently as to throw visible 
particles of dust tluough several feet of tubing; but in the present research 
lithium perchlorate dried and fused in a current of carefully filtered air, 
('otherwise precisely similar to that used in the research of 1910) could be 
heated for three or four hours at 4(x>® witli very .slight decomposition and 
with no visible projection of material nor exit of gas. Only at 430° or a 
higher temperature did decomposition proceed witli rapidity or complete¬ 
ness. Moreover, it was possible so to regulate the temperature between 
410® and 430® that the decomposition was slow and the current of out»^ 
going gas flowed quite steadily at the rate of from two to three bubbles per 
second. This previcnisly unobserved stability of lithium perchlorate was 
doubtless due to the very high degree of purity of the material, probably 
never before attained; and the chief cause of this purity seems to have 
been the exclusion of impalpable and invisible dust from the current of 
many liters of air which passed over the salt during its synthesis, crystalliza¬ 
tion and long-continued drying in a fused condition. The exact mechanism 
of this catalytic effect cannot be studied quantitatively until the nature 
of this trace of dust is discovered; possibly the finely powdered steel, which 
is said to exist in the air of all cities, is responsible. Enough has been said 
to show that the air-filter served an important office, and to suggest that 
in other investigations also, where great purity is sought, its help should be 
employed. 

The lithium perchlorate employed in the present work was prepared 
^ See Abegg, **Haiidbuch der anorganische Chemie,*’ quoting from Potilitzin, 
J. Russ, Pkys, Chem, Soc,, 30 | I, 542 (1888}. 
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from very pure materials made several years ago by H. H. Willard and re¬ 
maining from tlie research on atomic weights already mentioned. We 
are greatly indebted to him for this service. Lithium chloride free from 
any other base or add was treated by slight excess of the purest aqueous 
redistilled perchloric add in a fladc of fused quartz as described in the 
earlier research.^ The evaporation of the water and excess of add into a 
current of dry or moist air at gradually rising temperature was also con¬ 
ducted as before. In this way samples of salt fused and dried at 300^ 
were prepared in a condition duplicating dosdy the portion weighed by 
the previous investigators. The only difference already mentioned lay in 
the greater care taken to free the air-current from dust and other impuri¬ 
ties. To this end, the air, drawn directly from out-of-doors by a water 
pump, was forced by the same pump over nearly fifty centimeters of hot 
copper oxide, through two towers containing potassium hydroxide solution 
containing a little manganate, through other towers containing a little 
potassium permanganate, over fused potassium hydroxide, through 
another shorter tube of red hot copper oxide, again over a large quantity 
of fused potassium hydroxide, over fifty centimeters of the best obtainable 
phosphoric pentoxide, that had previously been resublimed in an elec¬ 
trically heated apparatus, and finally through a dust-trap which was placed 
just before the flask in which the lithium perchlorate was synthesized. 
The object of the tube of hot copper oxide was to eliminate the trace of 
hydre^en or hydrocarbon which may exist in the air of cities; the objects 
of the other tubes are sufficiently evident without explanation. The air 
filter or dust-trap was placed at the end of the train so that any dust which 
might have been carried away from any part of the train itself might be 
eliminated. 

No rubber connections were used in this system; it was all fused together 
except when the juxtaposition of hard and soft glass necessitated ground 
joints. 

Before attempting to measiue any moisture that might be retained by 
the lithium perchlorate, it was necessary to prove that no weighable quan¬ 
tity of water passed through this elaborate drying train. The test was 
effected by means of a weighed U tube of phosphoric pentoxide as usual. 
Of course great care was bestowed on the preparation and handling of 
this tube, since faulty technique here would vitiate the whole work. The 
tube possessed two tightly fitting glass stopcocks; it had been scrupu^ 
lously cleaned and was filled with very pure resublimed phosphoric pent¬ 
oxide. After the work had once begun, this tube was never touched with 
the hands, but was handled by means of chemically clean cloths or by 
platinum-tipped forceps. The least possible lubricant of paraffin and 
fused rubber was used on the stopcocks, and a vanishingly thin layer of^ 
^ Richards and Willard, Puhl Cfvmtfjk JiMf., No. 105, ,pP* 39 » 40 (1910). 
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the same lined the rubber connectors by which the tube was connected 
with the train. After a test, only the side-arms of the tube were wiped 
with several thicknesses of a dry chemically clean cloth. Before each 
weighing, the U tube was allowed to remain over night under a bell-jar 
containing a small dish of sulfuric acid. An exactly similar tube, to be 
used as a counterpoise, containing glass pearls, was kept under a separate 
similar bell-jar. Before weighing, the tubes were allowed to adjust them¬ 
selves to the conditicms obtaining in the balance case, the air pressure and in 
both the tube and its counterpoise was made equal to that in the room by 
very brief opening. An excellent balance, previously used in many atomic 
weight determinations, was employed, and a tube containing radium 
bromide was kept in the case, to eliminate electric charges. Weighing 
took place by the method of .substitution, the two tubes being placed on the 
balance alternately until perfect equilibrium w^as obtained, lender such 
conditions, successive weighings of the tube never but once differed from 
each other by more than 0.00002 g., and the single exception was 0.00003.g. 
This means that it was possible to weigh the minute quantity of water 
contained in two or three cubic centimeters of ordinary atmospheric air. 

After the long drying train had been swept out with pure air for a number 
of days, the tube of pentoxide was attached directly to the end of tlie drying 
train, in the p().sition usually occupied by tlie quartz flask of lithium per¬ 
chlorate, and air was passed tlirough the whole for sixteen hours. During 
this time the tube gained but OAyooij g. in weight. Without allowing the 
current of air to cease flowing, the empty quartz evaporating flask was 
placed in position and sw^ept out for eight hours, and the pentoxide tube 
was attached to the side arm of this flask, while air continued to pass 
through for sixteen hours more. During this test, the tube showed a gain 
in weight of but 0.00020 g.—es.sentially the same amount as before. This 
quantity appeared to be a constant; two attempts to eliminate even this 
last trace of water by a condensing coil, submerged in liquid air, were un- 
succ'essful. 

The final control experiments were nowr obtained by placing the tube of 
.silver wire and the second dust-trap in position beyond the quart/ flask 
and passing air tlirouglrthe empty apparatus while the weighed tube of 
pentoxide was adjusted in its place beyond the dust-trap. Many experi¬ 
ments were made in this way, but in no case could a perfect control ex¬ 
periment be obtained. It is probable that moisture gains access during the 
fitting up of the apparatus, and the amount seemed to be not very different 
in protracted experiments from what it was during very brief ones. The 
gain in weight of the pentoxide tube varied from 0.0002 to somewhat over 
0.0003 g- Two final control experiments made, one just at the beginning, 
of the series in which lithium perchlorate was decomposed, and one in the 
middle of that series, were conducted precisely under the conditions 
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maintained in that series, except that in the contn>l experiments no 
lithium perchlorate was present. In the first of the blank tests the tube 
of pentoxide gained 0.00028 g. during five hours; in the second, 0.00034 
the average being 0.00031 g. Although it would have been more satis¬ 
factory to find the source of the water, this was not essential for our pur¬ 
pose, since constancy was all that was needed. As time pressed, and it 
was necessary to hasten the experiments, the decomposition of lithium 
perchlorate in this complicated apparatus was now undertaken. Five 
experiments were made; in three of these only a small amount of the salt 
was decomposed, although it was kept above 385® for over two hours; 
whereas in the other two experiments more than half of the lithium per¬ 
chlorate was decomposed. In the first group the procedure was as follows; 
Very pure lithium perchlorate, prepared in the quartz flask by the evapora¬ 
tion of lithium chloride with a dight excess of perchloride acid, was heated 
in a current of dry air for at least five hours at a temperature of 280-300®. 
This gave samples of the salt in the same condition as the final weighed 
product of the previous investigators. At this stage the new pieces of 
apparatus, i, e., the tube of silver wire and the dust-trap, were placed in 
position; and these were swept out over night by the same air that was pass¬ 
ing over the lithium perchlorate, which was kept at 200® throughout that 
time. In the morning, while the current of air continued without inter¬ 
ruption, the tube of silver wire was warmed until the hard glass barely 
showed a sodium flame, and the dust-trap was heated at 150®. At noon, 
the tube of phosphoric pentoxide, just previoUvSly weighed, was .securely 
wired into position, and a protecting tube of pentoxide was added, so as 
to prevent any moisture from diffusing backwards into the weighed tube. 
The temperature ‘of the perchlorate was then raised, during an hour, to 
the maximum used, and was held within 5 ® of that point during two hours. 
Finally the material was gradually cooled to 300®, at which point the 
pentoxide tube was removed to be weighed the next day. After further 
cooling, the lithium perchlorate was removed for weighing, so that the ex¬ 
tent of its decomposition might be calculated. During the whole ex¬ 
periment, the air pressure in the apparatus was in the outward direction 
as shown by a mercury manometer sealed into the apparatus at a point 
just before the air entered the flask of perchlorate. Hence there was 
very slight opportunity for moist air to penetrate inwards. A new sample 
of lithium perchlcwrate was prepared for each experiment, amotmting to 
from 10-15 g. The maximiun temperature was 385® in the first experi¬ 
ment, 400® in the second, 400® in the third. The percentage of decom¬ 
position, assuming that all of the decomposed material was converted 
into chloride, varied from 0.033 % in the first to T.25 % in the third ex¬ 
periment. The weight of water caught was in each case slightly less than 
that found in the control experiments, namely, 0.00020, 0*00027 
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and 000029 g. Hence no perceptible amount of water was evolved by 
raising the temperature of the fused perchlorate from 300® to 400®. 

In the last two experiments the same procedure as before was followed, 
except that the perchlorate was heated to a higher temperature, which caused 
much more far-reaching decomposition. In the fourth experiment, the 
temperature of 450® was reached after one and one-half hours. At this 
point flie evolution of oxygen was too violent and the experiment had to 
be stOFpped. Nevertheless, one would be inclined to think that if any 
water had existed in the salt it would have been expelled during these 
ninety minutes; but the tube of pentoxide showed a gain of only 0.00026 g. 
or less than that during the control experiments (0.00031). 

A fifth experiment was more carefully regulated at between 410® and 
430® during two hours, so that all the escaping gas passed through the 
weighed tube of pentoxide at a rate never exceeding three bubbles per 
second. The perchlorate (of w’hich about three-quarters were decom¬ 
posed) evolved bubbles and fine dust continuously, carpeting the whole 
apparatus as far as the dust trap with a thick film; but none could be seen 
beyond the porcelain cup in the trap. The pentoxide tube gained in weight 
by o.ooqgq g., a trifle more than that .shown by the two control experiments, 
10.00031). It is possible that a trace of the pow^der, of almost molecular 
fineness, may have e.scaped the trap and caused this slight and unimportant 
difference. 

In conclusion, the results show quite clearly that, within the limit of 
experimental error, no significant quantity of water can be expelled from 
lithium perchlorate which has been fused to constant w^eight, even when 
the temperature is raised to 430®, and most of the salt is decomposed. 
The first three experiments show*^ an average gain in weight by the tube 
of pentoxide less than in the control experiments by 0.00006 g., while the 
tw^o remaining experiments show an average gain greater than that of the 
average of the control experiments by but 0.00002 g. None of these dif¬ 
ferences is greater than the probable error of experiment, and even the 
largest is not large enough to have an important effect in the atomic weiglit 
of silver as found by the method of Richards and Willard. A tenth of a 
milligram of water in 15 g. of lithium perchlorate would lower the apparent 
atomic weight of silver calculated with the help of this salt b}' only about 
0.001. Our results therefore seem to afford important evidence in con¬ 
firmation of the value Ag == 107.871, found by those investigators. 

A possible source of uncertainty in the interpretation remains to be 
considered. It is conceivable that a very small amount of water might 
be retained by lithium perchlorate without dislodgement up to the point 
of incipient decomposition, and beyond that point held in new combination 
as lithium hydroxide. Further consideration suggests arguments against 
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this objection, however. We have found that the raising of the t(iiiq>era- 
tiue by 130° (that is from 280** to 410°), a change amounting to about 
one-fifth of the original absolute temperature, causes no water to be evolved. 
One would expect that were water present in large enough quantity to be 
of importance, at least a fraction of it large enough to be detected, would 
have been volatilized before the salt suffered any decomposition at the 
higher temperattu’e. Again, if any lithium hydroxide had been formed, 
might it not have attacked the fiask, and thus have had its water set 
ffee, according to the equation zWOH + Si02 = LisSiOg 4- HjO? 
Usually the susceptibility of the containing vessels to attack is to be re¬ 
gretted, but here it would seem to be possibly more helpful than not. 

Although the present paper cannot be considered as more than a pre¬ 
liminary attack upon the problem concerned, it serves to outline the diffi¬ 
culties and espedally emphasizes them. With the added knowledge of 
lithium perchlorate now available, especially in regard to the greater 
stability of the salt when prepared in a dust-free condition, it will doubtless 
be possible to obtain an even more accurate evaluation of the ratio of oxy¬ 
gen to lithium chlcM-ide and hence of the atomic weight of silver than that 
found in 1910. It is hoped that this work may soon be unde^ken in 
the Wolcott Gibbs Memorial Laboratory. We take plea.sure in expressing 
our indebtedness to the Carnegie Institution of Washington for generous 
financial support. 

Summary. 

1. An effective air-filter or dust-trap for removing impalpable powder 
from a moderate current of air is described. The importance of its fre¬ 
quent use is empl^ized. 

2. Lithium perchlorate, prepared entirely in contact with air filtered 
through this contrivance, was found to be much less easily decomposed 
by heat than less carefully treated material. 

3. The purest lithium perchlorate was found to decompose slowly at 
from 410° to 430° and rapidly at 450®. 

4. It has been .shown that no significant quantity of water can be driven 
out of fused lithium perchlorate by raising the temperature from 300“ to 
450®, even although most of the salt is decomposed at the higher tempera¬ 
ture. 

5. This outcome tends to confirm the use of lithium perchlorate as a 
basis for determining the ratio of oxygen to silver, and supports the value 
Ag « 107.871 found by Richards and Willard in 1910. 


HAmVARD XJNZVmiTY, 
CAliaRZ 008 « MA 80 . 
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(Contributions from the Chemical Laboratory of the University of Wash¬ 
ington.) 

COLORIMETRIC STUDIES 01^ THE NATURE OF CHROMATE 

SOLUTIONS. 

Bv Wn.LiAM M Deiin 
Received January 17. 1914 

During the past quarter of a century many investigations have been 
made to determine the constitution and equilibria of chromates in aqueous 
solution. The preponderance of evidence previously and now contributed 
strengthens tlie conclusion that the most important equilibrium may be 
expressed by the equation: 

HaCraOi + H 2 C) 2H2Cr()4. 

As will be shown in the following experiments, the colors^ of chromic andy 
dichromates and chromates m solutions more dilute than o.ooj^( are identicaU 
that is, at these concentrations, both the chromic acid and the dichromates 
are completely® hydrolyzed, in accordance with the above equation. 
Furthermore, it will be shown that hcat^ promotes the reversal of such re¬ 
actions, therefore, since the effect of hydroxyl and hydrogen ions has 
long been known, we have the following simple view of chromate solutions: 

A ^ 

Concentration 

Heat \ CCrO,)» 

Acids j f Dilution 

HsCr, 0 „ 7^ H,Cr, 0 , HjCrO, 1 Cold 

Alkalies 

These reactions are assumed to involve only hydrolytic equilibria; 
however, when chromic oxide is dissolved in water and alkalies in varied 
proportions, many equilibria may be involved as typified by: 
hydrolysis neutralization 

hydration ^ dehydration (condensation) 

ionization <- association 

Neutralization. 

When chromic oxide is partially or fully neutralized with alkali, or is 
treated witli an excess of the same (concentration and temperature re¬ 
maining unchanged) the following reactions^ are possible: 
j j (a) i2CrO, -f- 3KOH 3K:HCr40w 

( (d) i 2 Cr 03 -f 6KOH 3 K 2 Cr 40 w -h 3H2O 

* Ostwald (Z. physik, Chmt,, 2, 78) states that the colors of chromic acid and of 
chromates are identical. This is true only in the concentrations stated above Higher 
and equal concentrations of the two vary until the color of chromic acid is 2-3 times 
that of the dichromate. 

* Moissan {CompU rend,, 98, 198; Ann, ckim, phys , [6) 5, 568J doubted the exist¬ 
ence of HiCrOi, so also did Field (Chem. News, 65, 153) and others 

® Hantzsch and Clark (Z. anorg, Cheni,, 63, 373) claim that light absorption of 
chromates is independent of heat, a conclusion which will be shown to be erroneous. 

^ Rammelsberg’s hexaebromate is very improbable. Ann,, 94, 516. 
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: { (a) i2CrO. + 4KOH 5 ^: 4KHCriOio 
( (h) laCrO, + 8 K 0 H : 5 ±; 4KaCr,Oio + 4HjO 

( (a) i2Crai + 6KOH ':^±: 6KHCr,07 
I (6) i2CrOs + 12KOH 6K8Cr*07 + 6H2O 

( (a) i2Cr0a + 12KOH :j±: i2KHCr04 
( (h) i2Cr08 -f 24KOH i2K»Cr04 -f t2H20 

Here it is observed that with 12 molecules of chromic oxide: (to) the 
minimum of alkali (3KOH) yields acid tetrachrornate, which has not been 
isolated; (Ha) an increase of alkali next yields acid trichromate, whith also 
has not been isolated; ( 16 ) and (IITa) six molecules of alkali yield normal 
tctrachromate^ and acid dichromate, the latter of which has not been 
isolated; (II6) eight molecules of alkali yield normal tricliromate;- ( 1116 ) 
and (TVa) twelve molecules of alkali yield normal dichromate and acid 
chromate, the latter of which has not been isolated; (IV6) twenty-four or 
more molecules of alkali yield normal chromate. Since the acid chromates* 
have not been prepared, and since tlic tetrachromates and trichromates 
are unstable in the presence of water, investigations of chromates in aqueous 
solutions have been directed mostly to chromic acid, the dichromates and 
the chromates. Though most investigations show that alkalies,'* dilutions 
and cold favor the formation of chromate, while acids, concentration and 
heat favor the formation of dichromate and chromic acid, intermediate 
products as {x), {y) and {z) may be involved, as indicated in the equation: 
<H20 ] 

<HO“- —► (CrOa)« « IJlil 

>A j [ >H2() 

HaCrjOT y H2CK)4 z < - { >H“- 

I </ 

^Siowert, Z gei. Naturw., 19, 15; Schwartz, Dingier'^ poL J,, 186, 31; VVyruboff, 
Btdl. sot. Mm., 35, 162; Darmstadt, Ber., 4, 117; Jiiger and Kniss, Ber., 22, 2037; 
Rammelsberg, Ann., 94, 516. 

* See Siewert, Crookes, Jager and Krfiss, Bahr, JahrcMrichle, 1853, 358; Bothe, 
J. prakt. Chem., 46, 184; 60, 60; Stanley, Chem. News, 54, 194; Pries and Raymann, 
Ber., 13, 340; Wyruboff, Bull. soc. itid. min., x88o, 1882; Hauer, Sitzb. Akad. Wiss 
Wien, 39, 439; Schroeder, Ann., 174, 249. 

* The improbable formation of acid chromate was mentioned by Walden, Z. 
phy&ik. Chem., 2, 73. 

* Studies of the solubilities of products of the above reactions, involving sodium, 
]x>tassium and ammonium kations. in different concentrations of the corresponding 
alkali, presents an interesting point of attack of the problem of chromate structures. 
For instance, chromic oxide is very soluble in water; ammonium and potassium di¬ 
chromate are less soluble, while sodium dichromate is more soluble than the corre¬ 
sponding chromates; ffndlly, the chromates are less soluble in the presence of an excess 
of alkali. Therefore, at least two maxima of solubility are indicated when chromic 
acid (12 mol CrOs) is dissolved in increasing quantities (1-25 mols MOH) of alkalies. 
If other maxima are found, other molecules than [CTOi)2, K2Cr204 and K2Cr04 will be 
indicated. Studies of this kind will be undertaken in this laboratory. 
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Hydrolysis, 

Since, as will be shown below, chromic oxide can yield by hydrolysis 
chromic acid of the formula H2Cr()4, we may assume the following suc¬ 
cessive hydrolytic changes; 

40 rC )3 —^ H2Cr4()i3 —► H2Cr3()io —^ H2Cr2()7 —^ H2C'r204 

or as given in more detail • 



BiCuOn 


HiCrjH 



10 


^ I ~| 

H,Cri07 ► H2Cr04 

_1 j 


vSince clifomic acid and the alkali salts of the other four acids crystallize 
from solutions, it may be assumed that the molecules, constituting the masses 
separated, were assembled in solutions, hence existed, at least momen¬ 
tarily, in the solutions. The methods of preparation of chromic oxide 
and the polychromates, also the following colorimetric studies, corroborate 
this conclusion. vSince all these reactions are reversible, aqueous solutions 
of chromic oxide may contain any or all of the above equilibria. Anhy¬ 
drous solutions, as for instance, concentrated sulfuric acid, contain only 
chromic oxide; very dilute aqueous solutions (below 0.001%) contain only 
Il2Cr04j intermediate concentrations contain the other three - slightly 
acid .solutions favor the formation of the dichromate, and succes.sively 
increa.sed acid solutions favor the higher poly-chromates. 

'riic most probable assumption of the molecular coiiiplexit} of chromic 
oxide is 4 CrCb, for the following reasons: (i) four chromium atoms are 
found in fctrachromatc, which is formed only in \'erv concentrated 
solutions, while chromic oxide^ is formed from anhydrous solutions; (2) 
alternate linking of four atoms of oxygen with four atoms of chromium, 
forming a ring, would not be unstable in accordance with Baeyer’s strain- 
theory, whereas tri-, penta-, and higher molecular formulas would be 
unstalde. If formula (a) is assumed for the oxide, it is easy to see how 
one molecule of water attaches itself so as to form {b) tetrachromic acid: 

OzCr-O—CrOs O O O O 



11 I! !l II II 

OsCr—O—CrO, O O O O 

Also, it is ea.sily seen how (6), by absorption of one, two, or three molecules 
of water, the lower chromic acids are formed: 


' ICremanu, Monatsh., 32, 619. 
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• O fO ,0 ,0 

II / 11 / II / II 

'* HO——OH 

il / II / II / II 

OH/0 OH/O OH/O O 
/ H ^ H ' H 

Here it is seen that tetrachromic acid—^also chromic oxide—^absorbs 
water and yields (i) four molecules of monochromic acid, (2) one molecule 
of dichromic acid and two molecules of monochromic acid, (3) one molecule 
of trichromic acid and one molecule of monochromic acid, or (4) two mole¬ 
cules of dichromic acid. The trichromic acid^ yields (i) three molecules 
of monochromic acid, or (2) one molecule of dichromic acid and one 
molecule of monochromic aciti. The dichromic acid yields two molecules 
of monochromic acid. Thus with the tetrachromic acid, four hydrolyses 
are possible; with the trichromic acid, two; with the dichromic acid, one. 
But since trichromic acid, dichromic acid and their hydrolytic products 
are identical with the products of tetrachromic acid, only four hydrolytic 
equilibria are indicated. If we add to these the initial hydrolytic action 
on chromic oxide, and the hydrolyses of the salts of all these acids, and 
furthermore, if we consider the hydration products of all the above mole¬ 
cules and their respective ionization-equilibria, it is seen that complicated 
systems of equilibria are involved in solutions of chromates, in the pres¬ 
ence of acids and alkalies, in different concentration and under the influence 
of heat, light, etc. Some of these are indicated in the table on the following 
page. 

Hydration. 

The following hydration-forms of monochromic acid may exist: 



HOv yOH 
(b) )>Cr< 

HCr II ^OH 
o 


HOv yOH 
(c) HO-^r^OH 
Ho/ \OH 


Dilution, cold.and increase of alkali favor a —► c; concentration, heat 
and decrease of alkali, a ^— c. These assumptions of hydration are sup¬ 
ported by three lines of experimental evidence: (i) the quality of cdor of 
solutions, of less than 0.01% concentration, chants with greater dilution,^ 
(2) certain chromates crystallize with water;* (3) colorimetric studies of 
sensitiveness of color at these lower concentrations indicate two ntaxifna-* 
In respect to the first, in accordance with Beer’s law and the teaching 
' Walden, Z. physik, Chem., a, 73- 

* Vide infra. Also note application of Beer’s law. ^ 

^ Groger, Z. anerg. Chem., 70, 143; cf. Schulze, Ibid., so, 154; Briggs, Ibid., $6, 

254. For hydration addition-products of metallic dichromates, see Barbieri and 
banzoni, AUi acead. Lined, zp, 584; ao, 1x9, 1161. Compare also: Na2Cr207.2Hi0, 
NasCrOi-ioHA MgCrOi.rHjO. 

* Am. Chem. 35, 735; 36, 198, 316, 
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of Hantzsch,^ we would expect (a), (b) and (c) above to represent three 
different chromophores and to give closely related but different colors. 
This is shown in the colors of low-concentrated solutions and is further 
supported by variations of color of hydrated chromates. 

In respect to the second, Groger® prepared five salts of the composi¬ 
tion: (a) 4 ZnO.CrO8.3H2O; ( 6 ) 3 Zn().Cr08.2H20; (c) 4ZnO.2CrO8.3H2O; 
(d) ZnO.2CrO8.H2O; (e) ZnO.CrOs.H2O. These varied in color and were 
stable only in greater dilutions than (a) 0.114, ( 6 ) 0.666, (c) 1.92, (d) 4.62, 
{e) 4.62 + molal concentrations, respectively. All these formulas can not 
only be made to conform to the above indicated hydration-forms of mono- 
and di-chromic acid^ but, as was shown by Groger, the more complicated 
are stable only in the more dilute aqueous solutions. Furthermore, 
Groger^ found that ZnCr04.H20 contained, not water of crystaUizatioii, 
but water of composition. In respect to the third, Horn® has shown that 
in colorimetric readings of solutions of potassium chromate in varied 
concentrations, two maxima of sensitiveness® are found which he 


was unable to explain. These are 
in the following condensed table: 

shown in 

a curve^ and 

are indicated 

G. at. wt 

Recalc. 

Sensi' 

G at. wl. 

Recalc. 

.Senii' 

Cr in I's. 

as % Cr. 

tiveness. 

Cr in 1 * 8 . 

as Cr 

tiveness 

250 

0.0208 

0.07 

8000 

0.0006 

250.00* 

500 

0.0104 

0.34 

9900 

0.0005 

50.00 

667 

0.0078 

0.69 

10667 

0.0004 

33.33 

1000 

0,0052 

1.45 

16000 

0.0003 

25.00 

2000 

0.0026 

3.59 

17700 

0.0003 

100.00 

3600 

0.0014 

33-33 

32000 

0.000x3 

333.33* 

4000 

0.0013 

100.00 

IIOOOO 

0.00005 

25.00 

7500 

0.0007 

100.00 

150000 

0.00003 

33.33 


Here it will be observed that the two maxima of sensitiveness are found 
far below the dichromate-chromate transition-concentration.® An as¬ 
sumption of hydration could involve only two chromophoric changes and 
only two were found by Horn. Of course, had he carried his readings 
to higher concentrations he would have found other maxima, as at the 
transition-concentrations of H2CK)4 H2Cr207 H2Cr3()io, etc. He 

* Z. physik. Chem., 63, 367, 377, 

* Z. anorg. Chem., 70, 135; see also Und,^ 54i 185. 

^ See studies on the decomposition of hydrated ammonium salts, Tms Joitrnai., 
29f 1137- 

* Z. anorg. Chem., 70, 143. 

® Am. Chem. 35, 255; 36, 195, 516. 

* Horn defines sensitiveness as the "reciprocal of the weight in milligrams of the 
colored solute that produces that change in color that can just be differentiated with 
certainty." 

’ Am. Chem. 36, ipfi* 

■ Vide infra. 
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found <j|ily one maximum each for solutions of copper sulfate* and ammonia- 
cal cop|>er sulfate.* This is to be expected,® since copper, a bivalent kation, 
could ^eld only two chromophores, the kation and the hydrated form. 

In accordance with Weber's law of sensation, it is to be expected that 
solutions involving a single chromophore will require increased quantities 
of solute molecules to produce a definite sensation of change of color. 
Now, ^nce Horn has demonstrated that, at certain concentrations, some 
solutions do not require logarithmic increments of colored solute mole¬ 
cules to produce a sensation of change, it may be assumed that: (i) the eye 
varies in sensitiveness for different concentrations or; (2) the eye func¬ 
tionates according to the logarithmic series and that ilie solutions them- 
selves involve chrcnnophoric changes. The latter hypothesis seems the more 
probable, since some solutions,^ for instance, solutions of potassium chro- 
tnate containing much free alkali and in greater concentrations than studied 
by Horn, seem to follow Weber's law. 

From the foregoing it seems safe to assume that hydration of colored 
molecules or colored ions produces chrontophoric changes. 

The hydration of chromates may yield only two forms; the polychro¬ 
mates may yield a greater number. Without involving hydrolysis or 
the formation of stereo-isomeric forms, it can be shown, theoretically, 
that dichromic acid may have five forms; trichromic acid, seventeen 
forms; tetrachromic acid, tliirty-six forms; chromic oxide, nineteen forms. 
Of course, most of these seventy-seven forms are impossible since hydrolysis 
is more probable than hydration in most solutions—yet, since in most 
studies of chromate solution assumptions of hydration have been neg¬ 
lected, limited data have been taken and contradictory conclusions 
have been drawn. 

Investigations of solutions of chromic oxide, dichromates and chromates 
have been made by methods of electrical conductivities,® cryoscopic 

* Am. Chem, J., 36, 195. 

'Ibid,, 36, 517. 

* An investigation of these solutions by tlie method of this contribution will be 
made. 

* A search will be made in this laboratory for a strictly monochromic solution, 
i. e., one that conforms to Weber’s law, and yields only one chromophore. 

® Walden (Z. physik. Chem., x, 329; a, 70) measured the conductance of chromate 
solutions at 25® and found: that the salts of HsCtsOt are less stable but are better con¬ 
ductors than isomorphous sulfates; salts of MHCr04 do not exist, di- and tri-chromates 
are hydrolyzed to dichromate and chromate. For further discussion of Walden’s 
studies vide infra. 

Whetham {Proc. Roy. Soc., 71, 382) studied the conductance of ^''2K2Cr207 at o® 
and/obtained for molal concentrations of 0.00001, 0.0001, 0.001, 0.01 ando.i, respec¬ 
tively, 0.991, 0.929, 0.870, 0.858, and 0.783—^fractions of conductance at infinite dilu¬ 
tion. Costa {Gazz. ikU. chim., 36, 535) studied the conductance of chromic acid at 
and concluded that, in solutions not too concentrated, the formula is HsCrsO?. 

Lundberg *(Z. anorg. Chem,, 55, 426) found in N/io solution of KaCrOi a 0.012% 
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methods,^ ebtdltoscopic methods,^ optical absorption methods/ colorimetric 
methods/ speed of reaction with iodide-iodate solutions/ speed of Jaiydroly- 
sis of ethyl acetate/ of dia^o acetic ester/ catalysis of hydrogen per¬ 
oxide/ solubilities of diflScultly soluble chromate salts/ etc/® All these 
methods, though invaluable, may involve errors of interpretation Ijtf recog- 
hydrolysis and in N/io solution of KiCrjO? a 0.094% ionization as HCr04 4--^- H -f 
Cr04» 

Sherrill and Merrill (This Journai,, 29,1650) measured the conductance bf ammo¬ 
nium chromate in the presence of an excess of ammonium hydroxide and Concluded 
that at 18® in 0.0025 solution, chromic acid existed in the equilibrium: 

H,Cr 04 :5:±: h + ncrOi. 

* Ostwald (Z physik. Chem., 2, 78)^made cryoscopic molecular weight determina¬ 
tions of chromic acid and concluded that the formula is H2Cr207. He gives as con¬ 
firmatory evidence for this conclusion: (a) salts like KsCr04 are alkaline, whereas 
aqueous solutions of chromic acid are good conductors, {b) the color of dichromates 
agrees completely with the color of aqueous solutions of CrO*. This latter statement 
is completely refuted by the experiments of this contribution. 

Sherrill and Eaton (This Journal, 29, 1642) determined the van’t Hoff factors 
for KsCr207 and H2Cr207 in various concentrations. 

^ Costa {Gazz. chim. 36, 535) concluded that the formula of chromic acid in 
aqueous solutions is H2Cr207. 

’ Sttetegast {Wied. Ann., 7, 242). Hantzsch and Clark (Z physik. Chem , 63, 
367) studied absorption-spectra of various chromates and concluded that they are 
identical in cases of: (a) CrOs + HaO*; K2Cr04 -f H2SO4; K2Cr207 4 - H1SO4; (b) 
K2Cr04 4 H# 0 ; K4Cr04 4 KOH; K2Cr04 4 CH3OH. Their experiments tended to 
show that (a) and (b) differed—in pure water the behavior of the dichroniate diverges 
slightly in the direction of the chromate and vice versa. For further discussion of 
Hantzsch and Clark’s data, see below. 

^ Horn and Blake (Am, Chem, 35, 253; 36, 195, 516) made colorimetric studies 
of sensitiveness of reading of potassium chromate solutions. See discussion on pages 
following. 

‘ bundberg (Z. anorg. Chem,, ss, 426) obtained data too irregular to enable them to 
decide between the two contested equations: (a) Cr04“'’ 4 H2O —► HCr04“ 4 OH", 
(b) 2Cr04"" 4 H2O —► CriOr 4 2OH" 

®Sand and Kastle (Ibid., 52, loi) concluded that at 25*^ hydrolytic dissociation 
to the extent of o.i8% takes place according to the reaction: Cr2074H20 <—► 
2Cr04 4 2H. See also Abegg and Cox (Ibid., 48, 425) w’ho held that the CriOr ion 
splits completely into Cr04 and OOs in solutions of moderate strength. 

’ Spitalsky (Ibid., 53, 184; 54, 265; 56, 7^; 69, 179). 

® Beck and Stegmtiller (Z. Electrochem., 17, 843; Arb. Kais. Gesundkeiisamt., 34, 
446). Sherrill and Ru.ss (This Journai,, 39, 1661) showed that at constant tempera¬ 
ture the solubilities vary directly as the hydrogen ion except in the case of PbCr04, 
which in concentrated solution was equal nearly to the square of the hydrogen Ions. 

• Abegg and Cox (Z. physik. Chem., 48, 725) maintain that hydrolytic dissociation 
to a limited extent takes place as follows: CtiOt 4 H2O —► 2Cr04 4 2H. 

'®For thermochemical investigations see Sabatier, Compt. rend., X03, 138, 267. 
Manchot (Ber., 36, 4305; 39, 1352, 3512) made oxidation experiments and concluded 

that the formula of chrmnic add is 
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nition of the influence of dilution, temperature, and quantities of acids or 
alkalies present, are not taken into consideration. The limitations of 
some of these investigations will be indicated in the following discussions. 

Method of Colorimetric Study. 

Solutions of (a) chromic acid, (6) potassium dichromate, (c) potassium 
chromate, (d) sodium chromate, (e) potassium chromate plus one molecule 
of potassium hydroxide, (/) potassium chromate plus six molecules of 
potassium hydroxide were put up in square, uniformly sized bottles of 
clear glass and 39 mm. cTOss-section.* Solutions were prepared in con¬ 
centrations from saturation down to 0.000 calculated as Il2Cr04. 
The respective tenths of the following concentrations were prepared; 

TO, I.O, O.OI, 0001 , 0.0001, O.OOCK)! 

These percentage-concentrations, instead of fractional normal solutions, 
w’ere prepared (1) because they gave a better basis of comparison than 
the latter, and (2) all the solutions in low and equal concentrations gave 
the same color—which is yellow and is assumed to be that of H2Cr()4. 

Any two series were compared and were found to differ in the upper 
ranges w^hen concentrations were the same; or, by vaiydng the concen¬ 
trations of two series, colors could be matched evenly, thus indicating 
dijfferetU tinctorial poiL'cr for equal concentrations. 

Only single bottles from the different series were matched, not only for 
the reason that tlie colors could usually be matched as closely as necessary, 
but for the more important reason that the method of reading the bottles 
in tandem of two or more involves errors. The most important observa¬ 
tion of this contribution is that color<hanges result from dilution of di¬ 
chromates, etc. Therefore, when the tandem method is employed, the 
mass of solute-molecules, assumed to be the same when view^cd in equal- 
color solutions, really are contained in two or three volumes and since 
hydrolysis results, only approximate values are obtained. WTien necessaiy- 
otlier concentrations than the ones indicated above were prepared. All 
the solutions were prepared writli distilled water, and the very dilute solu¬ 
tions were prepared with ammonia-free water. The following series 
were prepared and compared at ordinary temperatures (15-25®): 

I. KjCr04 : KjCrjOr 

II. KiCtsOt : H,Cr, 07 {CrO, + H, 0 ) 

III. K 4 Cr 04 : K,Cr 04 + KOH 

IV. K»Cr04 : K*Cr04 -f 6K0H 

In Table I the first column gives the molar concentrations of the chro¬ 
mate; the second, the percentages of concentration of the chromate; 
the third, the percentage-concentration of the dichromate just matching 
the color of the chromate; the fourth, the ratio of concentration of the 
» See This Journal, $ 6 ^ 407 {1914). 
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chromurte and the dichromate; the fifth, the calcnlated per cent, of di¬ 
chromate which really is in the chromophoric form K2Cr2()7. 

It txvky be observed in the table that: (i) in concentrations below 0.01%, 
the compared solutions are identical in color, which is some shade of yellow; 
(2) above this concentration the color of the dichromate becomes tinged 
with red, while the chromate remains yellow; (3) at higher concentrations 
both solutions are tinged with red but differ widely in intensity of colors 
as is ^own by the different concentrations necessary to duplicate the 
colors. 

I'he color ratio was obtained by dividing the respective concentrations 
of dichromate by the corresponding color-matched concentrations of 
chromate. Thus, for instance, 2i)% of the latter possesses the same color 
as a 0.16% solution of the former, a ratio of concentration equal to 181.11. 
If it is assumed that onl}^ two chromophores are present: 

O o 0 


TIO—Cr—OH HO—Cr—O—Cr—C)H 

II II I! 

o 00 

then the latter is i8i.r times as intensely colored as the former. That 
this maximum color-ratio is nearly correct for concentrated solutions 
was corroborated by diluting a solution of 68 g. of sodium chromate to 
10C3 cc. and finding that it (48.54^^, H2Cr()4) was matched by a 0.27% 
solution of potassium dichromate, a color-ratio of 183.5; by a 0.2% 
solution of chromic acid or a color-ratio of 247.7. If it is assumed that 
the chromate-dichromate ratio is 180, from the data obtained, actual 
quantities of diromate and dichromate in the “dicliromate** solutions 
can be calculated. Since at certain concentrations (as below 0.01%) 
of both chromate and dichromate the colors are identical,' it may be as¬ 
sumed that the chromium present in both is in the same chromophoric 
form. But if all the chromate at these low concentrations were transformed 
to dichromate, it would l>e approximately 183.5 times more colored than 
it is. At higher concentrations more and more dichromale is formed, 
but unchanged chromate also is present and this, if transformed to dichro¬ 
mate, would raise the color-ratio to 183.5. Therefore, at any concen¬ 
tration, the percentage of dichromate in the chromate-dichromate mixture 
is equal to the color-ratio minus one, multiplied by 100 183.5. 

the fifth column of the table, 180 was used as the factor instead of 183.5. 
Sinqt dichromates are acid in reaction, thus indicating the presence of 
free “chromic acid,“ which is more strongly colored than dichromates, 
* For tlie above-indicated reasons, in solutions of o.oi to 0.05 % concentrations 
of ciromate, difficulty was met with in matching colors. The densities of color, rather 
than the quality of color, were compared. Above 0.05% and bdow 0.01% the solu¬ 
tions gave no difficulty in reading. 
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the correctness of factor iBo can not be stiictiy maintained, ttftmgh it 
probably is approximately correct,^ 

Sherrill’ states that ''in a 0.1 molal solution of potassium dichromate 
approximately 15% of the salt exists as hydrochromate and $$% 
dichromate, while in a Ojoi molal solution approximately 45% e^dsts in 
the former state.” Now, o.i and 0.01 molal solutions of dichromate 
contain 52 g. of chromium in 20 and 200 liters, respectively. As seen in 
the table, 15 and 45% of dichromate are contained in 107.29 and 147.53 
liters, respectively. These approximations of values are interesting not 
only for the reason that Sherrill’ claimed no great accuracy, but also for 
tlie reason that he obtained his data by solubility experiments with silver 
chromate and dichromate.^ 

The Transition-Concentration of Chromates and Dichromates. 

A study of Table I shows that at o.oi and 0.10 concentrations at ordi¬ 
nary temperatures, chromates are transformed to dichromates—in other 
words, the mass action of water® below these concentrations completely 
transforms dichromate to chromate. 

Walden® observed at 25®, in these same concentrations, abnormal elec¬ 
trical conductivities, which he could not explain. These are indicated 
by the asterisks in the following condensed table. 

A» % molecttles each of 


I4tcra Recok. KiCciOt. KfCrO«. NaaCnOr. 
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0.1843 
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128 

0.0922 

117.6 

0.858 

286.1 

358 9 

132.2 

3.69 

96.8 
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256 

0.0461* 

ilS.o 

0.340* 

286.4* 

361.3* 

136.1 

2.95 

97 0 

0.207* 

512 

0.0230 

118.7 

0.393 

234-4 

360.8 

138-7 

1.91 

97.7 

0.722 

1034 

O.OI15 

120.7 

X.850 

378.2 

338.4 

140.7 

1.44 

98.8 

I.I30 

2048 

0.0057 

124.1 

3.650 

.. 

353.7 



102.8 

3.540 


Two important observations are made: (i) potassium chromate does not 
show abnormal conductivities within the range of concentaiions studied 
by Walden; (2) the others, all di- or tri-'Chromates, show abnormal con- 

^ See curves on pages following. 

’ Tms Journal, 29,1674. 

* SherriU is the first investigator to recognize the ElsCrOi K«CrtO equilib¬ 

rium in solutions of both chromates and dichromates. 

* Abegg and Cox (Z. physik, Chem., 48, 425) considered that a dichromate solution 
contains maWy CrOi' ions and undissociated KsCrOi, while the concentration of 
CrfOr'' ions is small. See Spital^ (Z. anorg, Chem., 53, 184; $4, 365) for opposite 
view. See also Lundberg, Ibid,, 55,436. 

* Sherrill and Eaton (TUis Journal, api 164a). ''If the dichromate ion becomes 
hydrated to form the hydrochromate ion, the condition moat favorable for its forma¬ 
tion would be in the more dilute solations, according to the mass-action law." 

* Z. anorg, Chmn., z, 546; 2, 70. 
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ductivities at 0.046% concentrations, i. e., at the concentration wherein 
much transition^ takes place according to the reaction: 

HsCrsOy + H 2 O 2H2Cr04. 

Prom spectra-absorption studies Hantzsch and Clark^ obtained tlie 
following data:* 

(KaCiaO? -f «-MoiA Acid (X ~ 486 



RccaU'. as 

In pure 

N /7000 
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In 

HtSf )4 
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Here as before it is observed: (i) that abnormal phenomena occur 
at 0.047% concentrations; (2) acid solutions require higher concentra¬ 
tions; (3) the data, instead of indicating no chromophoric \'ariation,^ 
correlate with the conclusions of this contribution. 


The Mass of Water Dissociating Dichromates. 

Since a 0,01% concentration of potassium dichromate (calculated 
as per cent, of H2Cr(%) is completely hydrolyzed to monochromate, 
294.2 g. of- it will be hydrolyzed by 2,360,400 g. of water or one molecule 
of potassium dichromate will be hydrolyzed by i3i,ocx) molecules of 
water. Since two molecules of alkali transform dichromates to chromates 
one molecule of alkali and 6 tf,ooo molecules of water have the same dissociating 
cjffcci on dichromates. 

The Dichromatc-Chromic Acid Color-Ratios. 

In the manner described above the data of Table II were obtained. 

These experiments show that, for equal concentrations of chromium, 
(hnmnc acid solutions are more colored than dichromatc solutions. This 
can accounted for either on the basis that the dichromate is more 
largely dissociated into the less-colored monochromate, or that the rhnnnic 
acid is assooiaied in more colored structures as: 


000 
II 11 II 

HO--Cr--<>—OH 

I! II II 

000 


0000 

I! ii !l II 

«0—Cr--0—Cr O—Cr-OH 

!l I! II II 

0000 


either of which structure is more deeply colored* than the dichromatc. 
That the latter view is the more probable follows from the fact that, 

^ Of. data on pages following. 

* Z. physik. Chetn., 63, 373. 

® Cf. Sabatier, Compi, rend., 103, 49, 138, 267. 

* Sec the contrary conclusions of Hantzsch and Clark, Z physik. Chetn . 63, 37 .^ 

* Hantzsch and Clark, Z. physik. Chem., 63, 377* 
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Tabi^ 21, 

CfOi: KtCnOr. CrO.: KiCrOt. 
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in 0.2% solutions, the dichromatc seems to reach a maximum color- 
ratio of 180, while the chromic acid is somewhat darker (color-ratio, 
225) than the dichromate at this concentration, but steadily increases 
in higher concentrations until its color-ratio is twice that of the dichromatc. 



These curves were plotted from the data of Tables I and II. The 
ordinates are color-ratios; the abscissas are concentrations. It will be 
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observed that the potassium dichromate indicates two phases in con¬ 
centrations above o,oi%—(i) from o.oi to o.i% concentrations, the true 
dichromate phase; (2) above 0.1% probably' the trichromate phase, and 
possibly the tetrachromate phase. 

The data of various investigators^ tend to prove the existence in aqueous 
solutions of dichromic acid^ only— the existence of tri-, tetra-, and mono- 
chromic acids were doubted.^ Since only moderately^ concentrated 
solulioUvS were employed, most data pointed to the existence of the di¬ 
chromic acid only. 

Sherrill and Eaton® made cryoscopic determinations of potassium di¬ 
chromate and chromic acid solutions and calculated the van’! Hoff factors, 
which are 3 for K2Cr207 2K -)- Cr207, and 4 for 2KHCr()4 2K + 
2lICr()4. The following quoted data have been .condensed: 
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HrCrtO? 


MoUU coni' 

Recalc as 

van*t Hoff 

Molal cone 

Recalc, as 

van’t Hoff 

in 1 liter. 

of HtCr 04 

factor 

in I liter. 

^ of H*Cr <)4 

^ 2 398 

factor. 

0 05340 

1.2650 

2 66 

0 10160 

2 91 

0.04000 

0.9440 

2 74 

0.07670 

I 810 

2 89 

0 0368a 

0 8686 

2.79 

0 07180 

1 6 q 5 

2 92 

0.02880 

0 681Q 

2 88 

0 06440 

I 520 

2 90 

0,0276<# 

0 6515 

2.94 

0.05880 

00 

oc 

2 90 

0 02053 

0 4830 

2 98 

0.04690 

1.107 

2 96 

0 01743 

0 4114 

3 04 

0 03340 

0.788 

* ^ 06 

0 01384 

0.3267 

3.16 

0.02730 

0.644 

3 07 

0 01 ro5 

0.2608 

3 28 

0.01370 

^>•323 

3 26 

0 fxi5io 

0.I204 

3.70 

0.00958 

0.226 

3 33 


These data .seeni to prove that: (i) in very concentrated solutions both the 
dichromate and the chromit' acid are incompletely ionized; (2) at about 
0.4% concentration, the dichromate predominates; and (3) in veiy^ dilute 
solutions, the chromate predominates. However, if van^t Hoff factors 
for all the chromic acids arc calculated, we obtain the following: 


IbCrAa aH -f Cr40,a . 3(1 s) 

HsCrAo 4 - H*Cr04 4 H -f CraO,« -f CrOa. 6 u) 

2H2Cr207 4II 4 * aCraO?. 613) 

4H2Cr04 8H 4 - 4Cr04. 12(6) 


‘ Experiments with more soluble sodium dichromatc and chromic acid by the 
methods of this contribution and other physical-chemical methods, to determine the 
presence of tridirofnic imd tetrachromic acid phases in solutions of chromic oxide, 
will be undertaken in this laboratory. 

* See fdsum6 above. 

• Costa's (Goss. iial. chim., 36, 535) molecular-weight determinations by the 
boiling-point method, with quite concentrated solutions of chromic oxide, indicated 
its tendency to yield pdychromates. 

* See especially Walden, Z. physik. Chem,, 3, 73. 

«See especially Hantzsch and Clark, Ibid., 63, 373- 

• This Journal, 29, 1645. 
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Here it may be seen that factors less than 3 may only inddcaie nan- 
ionized molecules of the dickromaie hut also the formation of polychramates. 

* The Influence of an Excess of Alkali on Chronaates. 

Since potassium chromate is alkaline in reaction, thus indicating hy¬ 
drolysis : 

(a) KsCr04 -f HjO KHCrt)4 -f KOH 
and since, in concentrated solutions, it undergoes condensation; 

(h) 2K2Cr04 + HiO KjCrsO? 4 - 2KOH 
thus, in both cases yielding free alkali, it may be expected to give color- 
variations in the presence of different quantities of free alkali. This 
conclusion was verified by experiment. 

K.CK)4 + K0H. K>Ci04-f 6 KOH. 


KiCrOs 
as % of 
HjCrOi. 

KaCr04 4-K0H 
as % of 
HiCrOi. 

Color- 

ratio. 

K*Cr04 
as % of 
HsCrOi. 

KiCrOa + 6HOH 
as % of 
HtCr04. 

Color- 

ratio. 

130 

23.0 # 

1.78 

5 5 

8.0 

I 45 

12.6 

19.0 

1.51 

5.0 

7.0 

1.40 

12 .0 

17 0 

1.42 

4.3 

6.0 

*39 

II .0 

15.0 

1.36 

4.0 

5.0 

X 25 

8.4 

10.0 

1.19 

3-4 

4.0 

1.11 

7 3 

8.0 

1.09 

30 

3-0 

1.00 

70 

7.5 

1.07 

2.0 

2.0 

I .OD 

70 

7.0 

1,00 

1.0 

1.0 

z .00 

1.0 

1.0 

1.00 

0,08 

0.08 

I .00 



Plate II. 
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These experiments show that: (i) definite color-variations are caused 
by an excess of alkali; (2) solutions of potassium chromate containing 
one molecule of alkali match the solutions containing only potassium 
chromate up to 7% concentrations; (3) solutions containing six mole¬ 
cules of alkali match the chromate solutions only up to 3% concentra¬ 
tions. This divergence at lower concentrations for the latter is to be ex¬ 
pected, since, being more nearly ntonochromic than either of the other 
two solutions, it will show a color-difference throughout a wider range of 
concentrations. 

These studies witli alkali show that in moderately concentrated solutions 
chromates contain an appreciable quantity of dichromate at least in solu¬ 
tions more concentrated than By the use of the color-factor 180. 

and on the basis that the color-variations are caused by chromophoric 
changes as indicated in equation (/>) above, it may be calculated that a 
5% solution of ‘"potassium chromate’* contains chromate and dichromate 
in the ratio of 450 : i. Of course, more concentrated solutions contain 
more and more of the dichrornate. 

The Influence of Heat on Chromate Solutions. 

Heating solutions of chromic acid, potassium dichromate, potassium 
chromate, and potassium chromate containing alkali, gives marked deeping 
of the colors. This phenomenon is difficult to explain except on the basis 
of dehydration change of chromophores in accordance with* 

Il2Cr()4 HsCraOr HsCrjOio HjCr^Ois. 

The following table includes data obtained b> heating tow’-el-covercd 
bottles for 20 minutes in the steam of vigorously boiling water baths, 
and making immediate comparisons with room-temperature samples. 

The first column indicates concentrations as per cent, of H2Cr04; the 
second columns, marked (6), the readings at ordinar\' temperatirres against 
equal colored dichromate solutions; the columns marked {aO and (^0. 
the readings of chromic acid and dichromate solutions matching the 

Table IV. 

Chromic odd («) KtCnOi i6) 


Per cent. 

at. 

r 

Per cent 

6 

bt 

r. 

Per cent 

bt 

r 

4.000 

204 “ 

54 - 

2 30 

4 00 

15 00 

3.7 

4.00 

15 000 

3 7 

3.000 

i5»oo 

50, 

1.00 

I 40 

5 00 

3.7 

2 00 

7.000 

3*5 

a.000 

8.00 

4 <.o 

0.70 

0.90 

3 00 

3 3 

1.00 

3 500 

3.5 

X.5OO 

5.00 

3.3 

0,60 

0.70 

2.00 

2.9 

0 60 

2 000 

3.3 

0.800 

2.00 

2.5 

0 

0 

0 20 

0.40 

2.0 

0 20 

0 500 

2.5 

0.500 

i .00 

2.0 

0.10 

0 14 

0 

0 

ts 

0 06 

0 100 

1 6 

0 050 

0 08 

1.6 

0 05 

0 06 

0.09 

r 3 

0 01 

0 015 

I 5 

0.009 

0 01 

I i 

0.02 

0 03 

0 04 

r 3 

0 0007 

0 0008 

1 ] 


* See Hajitzsch and Clark, Z. physik. Chem , €3, 374; Merrill. This Journal. a», 
1650, 1661 



846 


WU^XJAJ^ Idf. PAHK. 
KtCrOi + KOH (d). 


KiCrOi («), 


KtCrO« + 6 K: 0 H. 


Ppr cent. 

b. 

bt. 

r. 

Per cent 

b. 

hi. 

r 

Per cent. 

b. 

bt. 

f. 

2^.0 

0.16 

0.80 

50 

19.0 

0.09 

0.600 

6.5 

8.0 

0.065 

0.40 

6.1 

20.0 

0.12 

0.55 

4-5 

lO.O 

0.08 

o.30Ci 

3-7 

4.0 

0.060 

6.25 

4*2 

18.0 

O.II 

0.50 

4.6 

7.0 

0.08 

0.300 

3.7 

2.0 

0.050 

0.20 

4.0 

10.0 

0.08 

0.30 

3-7 

5-0 

0.06 

0.200 

3 3 

1.0 

0.025 

0.07 

2.8 

3.0 

0.05 

0.18 

3.6 

3.0 

0.05 

0.150 

30 

0.5 

0.030 

0.045 

1*5 

1.0 

0.04 

Q.08 

2.0 

O.I 

o.cx>9 

0.200 

2.2 

0.4 

0.040 

0.05 

1.2 

0.4 

0.04 

0.06 

1-5 

O.OI 

0.007 

0.009 

* 3 

0.1 

0.070 

O.IO 

1.4 

0.003 

0.003 

o.(X)4 

1-3 

O.OI 

0.007 

0.008 

1.1 

0.08 

0.060 

0.07 

1.6 



heated samples. The ratios oj color (r) of the cold and heated samples 
are calculated from the two columns immediately preceding columns (r). 

It is observed that an increase of about 80° of temperature: (1) intensi¬ 
fies^ the color of all tliese solutions from one to six times; (2) concentrated 
solutions give the largest change of color. This latter effect is to be ex« 
I^ected since the mass-influence of water and the influence of heat are opposite. 

Preliminary experiments with picric acid, c-nitrophenol, their alkaline 
salts, both in cold and hot solutions, show variations of colors in varied 
concentrations, which indicate tautomeric changes, in accordance with the 
conclusions of Hantzsch. These substances will be studied by the methods 
of investigation of this contribution. 

Solutions of chromates less concentrated than 0.001% are decolorized 

^ Hantzsch and Clark {Z. pkysik, Chem,, 63, 373) held that there is little or no 
effect of heat on chromate solutions as measured by light«absorptton. Their data does 
not justify this conclusion. 
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on long standing in direct sunlight. This phenomenon will also be in'- 
vestigated. 

Summary. 

(1) Previous investigations have involved too limited a range of con- 
eventrations to elucidate the nature of chromate solutions. 

(2) Hydrolytic equilibrium-changes involve color-changes; hydration- 
equilibria, though less important, also clause color-changes; ionization- 
equilibria, except as involving hydrolysis or hydration, probably have no 
effect on color-changes. 

(3) Heat has marked effects on colors. 

(4) Varied quantities of acids and alkalies have very important effects 
on tlie colors of chromates. 

(5) Very dilute solutions of all chromates (CrOa, HtCr{)4, H2Cr207, 
H2Cr30i(i, H!>Cr4()i,i) a)ntain only chromate molecules or ions. 

(6) More concentrated solutions contain both H2Cr()4 and Ii2Cr2()7 
molecules and ions; chromate solutions contain dichromates and vice versa. 

(7) At still greater concentrations or in acid solutions or when heated, 
(Hchromates contain trichromates and, probably at still greater concen¬ 
trations, trichromates contain tetrachromates. 

(8) Below the chromate-didiromate transition concentration, hydrated 
forms of chromate exist and probably produce color-variations. 

SeATTLM, Wa»u 


[Contribution from the Chemical Laboratory of the University of Illinois, 1 

THE IDEAL DIFFUSION COEFFICIENT AND A FUNDAMENTAL 
LAW CONCERNING THE DIFFUSION OF DISSOLVED 
SUBSTANCES IN LIQUIDS. 

Hy Guoro.e McP Smith. 

Received March IS. UM 4 . 

Introduction. 

The significance of the diffusion coefficient D is derived from the for¬ 
mula, 

dS — Dq^ di, 
dx 

in which dS is the quantity of the dissolved substance which passes at 
the point x in the time dt through the cross-section ^ of a diffusion cylinder 
imder the influence of the concentration-fall dc/dx. The value of D de¬ 
pends upon tlie temperature and upon the actual concentration. 

If we consider an ideal diffusion cylinder of unit cross-section, 1 cm.^, 
in which the concentration difference i exists in the solution between 
two horizontal planes i centimeter apart, and in which the solution in 
the plane half-way between these has the concentration r, then the con- 
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centration of the solution in the lower pinna is c + cuttd that nf the 
solution in the upper plane is c — V«* The diffusion upwards^ than, is 
caused by the existence of a conoentration-fall of unity in the unit dis¬ 
tance. If dc/dx in the above formula is equal to i gram per centimeter, 
then dS will be expressed in grams; or, if dc/dx is equal to 1 mol per centi- 
meter> dS then will be expressed in mols. In both cases the numerical 
values of dS will be identical. A simple definition of L) is as follows: 

The diffusion coefficient D is the quantity of the dissolved substance, 
in grams, which passcvs in unit time, c. g.. i day, in the unit cross-section, 
1 cm.*, through the unit concentration-fall, i g., with unit velocity, i cm. 
per day.' 

If, now, in a table of diffusion coefficients, determined at a given tem¬ 
perature with dilute solutions of substances which do not ionize or pre 55 ent 
other complications, we divide each Z>-value by the molecular weight of 
the substance in question, we obtain a set of special diffusion coefficients, 
D/M, which may be defined as the number of mols of the dissolved sub¬ 
stance which in the unit cross-section pass in unit time through the con- 
ceniration-fall of one gram with unit velocity. 

Identical numerical values of D/M can, of course, be derived from the 
diffusion coefficients when dc in the above equation is expressed in terms 
of molal concentration. In that case, D is the number of mols of the dis¬ 
solved substance that diffuse in unit time through unit area under the in¬ 
fluence of a concentration-fall of one mol in unit distance; and, as has 
already been pointed out, the numerical values are identical with those 
of Z? as dinned above. 

But the question at onoe arises as to the physical significance of the 
values obtained by dividing these numbers, which are dready expressed 
in mols, by the molecular weights of the respective compounds. 

Here the values of D/M may be regarded as obtained in each case by 
dividing the weight of D mols of an ideal compound of unit molecular 
weight by the molecular weight of the respective compound. 

The significance of the values thus obtained is as follows: If, in each 
case, the molecules of the ideal compound be regarded as possessing the 
same size and configuration and the same mean free-path velocity as 
those of the real compound, then they would encounter the same resistance 
that the latter do in their progressive forward movement; but the momen¬ 
tum of each such imaginary molecule of unit molecular weight would be 
equal only to the reciprocal value of that of a molecule of the real com¬ 
pound. That is to say, that only D/M mols of the imaginary substance 
would diffuse through unit distance in the time that it takes for D mols 
of the compound to do the same thing. 

^ Tkis is simply an expression in English of the value of dS in the above formula 
when q » i cm.*, dc ^ i gram, dx ^ i cm., and dl » i day. 



OIFPUSIOK OF PI 880 LVFO StIBSTANCBS IN tlQUlDS. 849 

t 

Viewed in this light, the values of DjM assume a real physical signiii* 
canoe, and we obUiin in them a common denominator, the ideal diffusion co¬ 
efficient,^ to which the ordinary diffusion cpefficients of different substances 
may be reduced, provided that the molecules of the substances do not ionize 
or engage in other disturbing complications. 

The IDEAL DIFFUSION COEFFICIENT, D/M =»= /, indicates the number 
of mols of a compound which in the unit cross-section would pass in unit 
time through the unit molal concentration-interval with unit velocity, pro¬ 
vided that each molecule of the compound—while retaining its size, configura¬ 
tion, and free-path velocity—had its fmnnentum reduced to the reciprocal value. 
A, The Ideal Diffusion Coefficient and the Diffusion of Dissolved Sub¬ 
stances in Water. 

h, W. Oholm, who has carried on most of his work with aqueous solu¬ 
tions, has determined numerous diffusion coefficients at comparable 
temperatmes and, in the case of almost every individual substance, at 
different concentrations; he has investigated the diffusion of many elec¬ 
trolytes,* and also that of many non-electrolytic organic compounds* 
with molecular weights varying all the w^ay from 59 to 504. His results 
in the latter case are particnilarly valuable, since without them much neces¬ 
sary data would not be available at the present time. 

Table I * 

Molec- Ideal 



SubstMOCc. 

Kqulva- 
lent con* 

(entration 

Diffusion 
coeffi¬ 
cient D 

ular 

weight 

M. 

diffusion 
coefficient 
10 *. / 

Log M 

Log 10 * i 

I. 

Acetamide ,.. 

25 

0 . 9 fx) 

59 

*52 5 

1 770«5 

2 18339 

2 

Urea. 

0 25 

I 022 

(K) 

170.3 

I 77815 

2.23130 


Dicyandiamide. 

0.2 

0 895 

84 

106.5 

1.92428 

2 02754 

4 ' 

Glycerol.... 

0.25 

0.705 

92 

76 6 

I 96379 

X.88440 

5 - 

Hydrochinone. 

0.25 

0.665 

110 

60 5 

2 04139 

1 78143 

6. 

Resorcinol. 

0 25 

0.652 

110 

59.3 

2 04139 

I 77286 

7 

Saligenin. 

0 25 

0.619 

124 

49-9 

2.09342 

1 69827 

8. 

Penta-erythrite. 

0 2 

0.589 

136 

43-3 

2.13354 

I 63658 

9 - 

Alloxan. 

. 0.25 

0.563 

142 

39-6 

2 15229 

1 59822 

10. 

Mwnnite. 

. 0.25 

0.485 

182 

26.6 

2 26tK)7 

I.42567 

II. 

Kcgonine. 

0. I 

0.604 

185 

32.6 

2 26717 

1 5I3S7 

12. 

Caffeine. 

0.05 

O.48K 

194 

25.2 

2 28780 

1.40062 

13. 

Salicin. 

0.12 

0.402 

286 

14.1 

2 45637 

1 14786 

14 

Cane sugar. 

0.25 

0.369 

342 

10.8 

2.53403 

1.03300 

15 * 

Milk sugar. 

0.2 

0,361 

342 

10 6 

2.53403 

1.02348 

x6. 

Raifinose. 

0.25 

0 297 

504 

5 

J 70243 

0.77033 


' Owing to the importance of this new unit of diffusion, the writer would suggest 
the use of the capital letter I as its symbol. 

* Z. physik. Chem., 50, 309-49 (1904-05). 

* Ibid., 70, 378-407 (1910); Chem. Zentr., xpigt I, P* 1^49 

* The D values in the table arc taken from the work of b. W. Oholm. Z. physik. 
Chem., 70» 401 (1910), and Chem. Zentr., 19x3, I, p. 1649. In this table water of 
crystallization was not taken into consideration. 
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If now, in the cases of substances of varying molecular Weights, sndh as 
those listed in Table I, we plot the values of the idesd diffusicMi coeffieients 
as ordinates and those of the. molecular weights as abscissas, we obtain 
the curve shown in Fig. i. 
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From the appearance of this curve it occurred to the writer also to plot 
the logarithms of these values, and upon doing so the straight line BC 
shown in Fig. 2 was obtained. 
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Substance f Dio®. M Log M LO* Y / Log 7 Log /!/•. K 

Acetamide o 25 o.goc) 59 i 77 ‘^>S 5 152 5 — 2 18339 o 84922 y,o/ 

Urea . o 25 1 022 60 1 77^15 ^ 7 ^^ 3 —2 23130 o 90812 8.09 
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in which K is a constant and n is the slope of the line BC, Front this 
there is obtained a new fundamental law of diffusion, which is expressed by 
the formula, 

I-- K, 

from which, if the values of n and K have been determined for a given 
set of conditions, the corresponding value of I in the case of atiy substance 
' of known molecular weight, and therefore the theoretical value of I), 
may be calculated; or, if, in the case of a given substance, the value oi I) 
has been determined experimentally, then the molecular weight of the 
substance may be calculated. We have the formulae: 

/ « K/M*; D = IM; M = 

In the case of the hydrodiffusion of non-electrolytes in dilute solution 
at 20°, we obtain from Fig. 2 for the slope of the line BC the value, 
n ~ AB/AC = 140/93 = I •5054* 

The values of K for this case are given in Table II. 

In his first paper on the hydrodififusion of the non-electrolytes, Oholm^ 
plots the values of Z) at 20° for different concentrations, and, by con¬ 
tinuing the curves to the Y-axis, he obtains the values at infinite dilution ; 
from these values of D he derives four of the values oiD^M given in Table 
III. His values for M, however, are those of the compound without its 
water of crystallization, and to the writer it would appear unjustifiable 
to leave’ this entirely out of consideration. For that reason tliree more 
values have been added in italics. 

The approximate relation, D^iM = const., has been derived* from 
Graham's law for the effusion of gases through narrow openings in thin 
solid partitions; the law does not hold strictly, even in the case of gases, 
for diffusion. 

Table III.* 

A. B. 

. . . .. ^ r— . . I- _ 

I>«o 20“. Vj/. DSM. c. D. 


Cane sugar. o 382 18.5 7.067 no 0,25 o 282 342 5.2 

Milk sugar. 0.377 i8*5 6.975 . 

Milk sugar-f H2O. . . 0377 18.07 7.151 . 

Maltose. 0.373 18.5 6.901 10.2 o 25 0.280 342 5.2 

Maltose -f-.HaO. 0,373 ^8,97 7,076 10.2 0.2$ 0,280 360 5.3 

Raiiinose. 0.316 22.45 7.096 10.8 0.25 o 230 504 5.2 

Railinose -I-5H20 . 0,316 24,37 7 TOi 10,8 n.25 0.230 594 3.6 


Oholm^ has determined the values of Df^ at 20° for dextrin, arabinose, 
‘ Z, physik, Chem., 70, 400-404. 

* Cf. F. Ezner, Fogg. Ann,, 155, 457 f (1875); G. Hfifner, Wied. Ann., 60, 134 
(1896); H. Euler, Ibid., 63, 273 (1897). _ 

* 5 liolm does not calculate the values of M for the diffusion data at lo*’; 
the.se are given, however, under B of this table. 

^ Z. physik, Chem., 70, 400 f. 
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and nicotine, in addition to those for the four sugars listed in Table III. 
He also has determined the corresponding values in the cases of the sub¬ 
stances investigated in his second paper, but, since his values are not in¬ 
cluded in the abstract of his paper, ^ they have been redetermined by the 
writer according to C)holm’s method. The method is shown in Fig. 3, 



f Ijuire 3 


and the numerical results are given in Table IV, together with Oholm's 
values for the seven substances referred to above 
The values of log M and of log 10^ I in Table IV are plotted in Fig. 4^ 
and from these we get the relation, 

n *= ABIAC = 140/94 = 1.4894. 



1 Chmn. ZefUr,, 19139 1 , 1649 . 


Figure 4 
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The numbers in Fig. 3 correspond to those of the compounds listed in this table, w = i, 4894. 
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Making use of the empirical formula, Doo XVm = 7, at 20®, Oholm* 
obtains for the molecular weight of dextrin the numerical value 4440, 
from which x in the formula (CeHioOs)* assumes the value 27.3. 

Upon employing the formula given above, we obtain for M the value, 
M = - (6.66/0.105)^''^"' - 4815; 

and for x the value, 

X = 4815/162 = 29.72. 

Oholm® assigns to dextrin the formula (C6Hio(^6)27rici; in the light of the 
above calculation, the formula would be (C6Hio06)3o, of which the theo¬ 
retical molecular weight is 4860. 

Upon comparing the data in Tables II and IV, it w^ill be seen that in 
each (able there are six substances that behave abnormally. Five of 
these are common to both tables, namely urea, dicyandiamide, nicotine, 
ecgonine, and caffeine.^ Salicin,^ which is normal in Table II, behaves 
abnormally in Table IV; and mannite does the opposite, though it is 
almost normal in Table II. 

Of the substances that arc known with water of crystallization, caffeine 
is abnormal. But in both tables maltose and milk sugar give values of 
K which are closer to the mean if we derive the value of M from the 
hydrated compounds. On the other hand, alloxan and raffinose, which 
crystallize with 4 and 5 molecules of water, respectively, give normal 
values of K only if we derive the value of M from the anhydrous com¬ 
pounds. The behavior of these substances would seem to depend upon 
the relative stability of their hydrates at 20®; the explanation may lie 
in the existence of an equilibrium between the hydrate on the one hand 
and the anliydrous compound and water on the other. 

By plotting tlie logarithms of M and /, in the case of Oholm’s data"* 
at about 10°, the value of n in the formula IM” == K was found to be 
1.4286 for o. 25 molal solutions. Then by substituting tliis value for n in 
the formula M = (A'/i?)^* ” ~ the value of A' (= 3.354) having been deter¬ 
mined by calculation for anliydrous raffinose, the molecular weights of the 
other substances have been calculated. The results are given in Table V. 


Table V. 

Theoretical 

c. D, K. (K/D)l/*«—*. value M. 

Arabinose. 9.4 0.25 0.388 153 150 

Cane sugar. ii.o 0.25 0.282 ... 323 34 * 

Maltose (1 HjO)_ 10.o 0.25 0,272 ... 35* 360 

Raffinose. 10.9 0.25 0.233 3 354 


^ Z. physik, Chem,, 70, 404 f. 

•/Wrf., p. 405* 

* A possible explanation for the abnormal behavior of caffeine, and of salicin in 
this case, is offered in a footnote on p. 858. 

< Z. physik, Chem., 70, p. 393 ff. 






Hs6 cnottm mxm. 

B, Tbe Ideal Diffusion Coefficient and tbe Diffusion of Gases fbuetigli 

Water* 

According to the well-known law of Graham^ the effusion velocities 
of two gases vary inversely as the square roots of their densities. This 
law was later extended by Exner^ also to the passage of gases through 
absorbent liquids, and according to him the volumes of two gases that 
pass through the liquid film in a given time roughly vary directly as their 
absorption coefficients and inversely as the square roots of their densities. 

Exner studied the passage of gases through very tliin soap-bubble mem¬ 
branes only; but later, G. Hiifner* studied the phenomenon in the case of 
thicker layers of liquid. He succeeded in overcoming the difficulties 
which arose from convection currents in the thicker layers by placing 
the water upon a thin plate of hydrophane —a porous mineral which ab¬ 
sorbs water, but through which water does not pass except under appre¬ 
ciable pressure—and allowing the diffusing gas to enter from below or 
above as the case might require. 

The process just referred to differs essentially from effusion and from 
diffusion in the narrower sense in that the water of the partition is capable 
of absorbing the gases, so that it takes the gas in at one side and gives 
it out at the other. It is conditioned, not only by the state of motion of 
the gaseous substance but also by the movements of the molecules of the 
liquid partition; and especially by tbe fact that the gaseous molecules 
have to penetrate the surface film of the liquid, both upon entering and 
upon leaving the latter. 

In Hiifner's experiments with oxygen, for example, the lower part of 
the vertically disposed diffusion tube contained moist oxygen; above this 
there was situated the hydrophane plate, covered with a column of water 
I or 2 cm. high and about 0.75 cm. in diameter, through which the gas 
was allowed to diffuse upwards. The upper surface of the water was 
kept in contact with fresh nitrogen gas, which, saturated with moisture, 
was very slowly passed through this part of the diffusion tube.* 

In slowly diffusing upwards through the column of water, under these 

1 Pogg. Ann ,, XS5, 321, 443 (1875)* 

• Wied. Ann., 60, 134-68 (1896); Z. physik, Chem., 27, 227-49 (1898). 

^ For detailed particulars in regard to the experimental work, the reader is referred 
to the original papers of Hufner. It may be stated, however, tliat allowance was made 
in the calculation for the resistance of the hydrophane plate; e. g., in the case of carbon 
dioxide, 0.4202 cc. (calc, for 760 mm.) passed through the plate and a 0.5 cm. layer 
of water in i day at 16.4^ and 0.2x05 cc- passed through the plate and a 2.0 cm. 
layer of water in the same time at 16.3®. Then, assuming that the diffusing gas-vol¬ 
umes vary inversely as the thickness of the (water) layers penetrated, 0.420a (w -f 
0.5) » 0.2105 (w -h 2.0), whence w >» x.005 cm.; i. e., in order to pass through the 
moist hydrophaxie plate 0.05 cm. thick, carbon dioxide requires the same time as it 
would under like conditions require to pass through a layer of water with the saiue 
eropa-eection but x.005 cm. thick 
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conditions, the oxygen gas is supposed to keep the lowest layer of the 
water saturated with itself; the uppermost layer of the water, however, 
always contains only a relatively insignificant quantity of dissolved oxy¬ 
gen, since by means of the current of nitrogen the partial pressure of the 
former gas above the surface of the water is kept practically at zero. 

Now, if the water column were i cm. thick and its cross-sectional area 
equal to i cm^., and if the partial pressure of the oxygen gas below it were 
kept equal to i atm., then in the lowest layer of the liquid there would be 
maintained a concentration of dissolved oxygen equal to a cc. of the gas 
per cc. of solution, a being the absorption coefficient of oxygen for water 
at the temperature of the experiment e. g., 0.030 at 21.7®. That is 
to say, the concentration difference between the top and bottom layers of 
the liquid would be ecjual to o 030 cc.; and if, under these conditions, 
0,048535 cc. of oxygen diffused through the column of water in i day, 
then 0.048535 0.030 = 1.62 cc.^ would have diffused through in the 

same time, had the concentration difference between the two layers 
been kept equal to i cc., or 1.62 mols would have done the same had 
the concentration difference been maintained at i mol per cm. In other 
words, 1.62 is the diffusion coefficient of oxygen through w^ater, at 21.7®. 

As a matter of fact, it is pos.sible that the lowest layer of the liquid is 
never completely saturated with the gas, under the above conditions, 
and it is difficult to believe that the concentration of the dissolved gas 
in the uppermost layer of the water is equal to zero. This assumption 
presupposes that the dissolved gas molecules are able to leave the upper 
layer of the water ^vithout encountering any more resistance than tliey 
meet in their upward passage through the liquid; while in reality they do 
have to break through the dense surface film of the water in order to escape 
into the gaseous space above. In tliis respect the values of the diffusion 
coefficients of gases through water, as determined b)* Hiifner, would seem 
to be not strictly comparable with the values obtained for the diffusion 
of dissolved substances in water; they arc, however, certainly comparable 
among themvselves. 

The experimental results of Hiifner are given in Table VI, and in Fig. 
5 are plotted the logarithms of the ideal diffusion coefficients and those of 
the molecular weights of the gases. The corresponding values at infinite 
dilution for acetamide, one of the substances of normal behavior in Table 
IV, are also plotted, in order to show what position the curve in Fig. 4 
would assume in relation to that for the gases now being considered. 
The value of n in this case is, 

n - 140/192 »= 1.5326. 

» Hafner himself designates this as i .62 cm., evidently meaning that i cc. of the 
gas would pass through i 62 cm. of water per cm* of surface, under a concentration 
difference of i cc. per cm. distance. 
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onomu Mcp. sum. 


Tamm VI,* 



Qu, 

!• 

D, 

D\U. 

I X 10 *. 

bog 24 , 

bog 10 » 1. 

IMnmK. 

1. 

Hydrogen. 

16. 

7.53 

10.6 

376-5 

0.30103 

3.57576 

10.8 

2. 

Hydrogen. 

21. 

4-45 


222.5 

0.30103 

2.34733 


3- 

Hydrogen. 

16. 

4.09 


204.5 

0.30103 

2.31069 


4- 

Ammonia. 

20.0 

1.260 

5.2 

7.41 

1.23045 

0.86992 

5.5 

5- 

Nitrogen. 

21.7 

J‘73 

9.2 

6.17 

1-44747 

0.79058 

9.8 

6. 

Oxygen. 

21.7 

1.62 

92 

5.06 

1-50515 

0.70437 

9.9 

7. 

Nitrous oxide.. 

16.2 

I 35 

9.0 

3.07 

1-64365 

0.48668 

9.7 

8. 

Carbon dioxide. 

16.4 

1-37 

91 

3.II 

1.64345 

0.49327 

9.9 

9- 

Chlorine. 

16 3 

1.098 

9.3 

I 55 

1.85077 

0.18983 

10.1 

10, 

Acetamide . 

20.0 

o.go2 


^•520 

1.7708s 

0 18436 

(6.64) 


When we consider the experimental difficulties encountered by Hiifner 

in determining such small quantities of 
gas as those which actually diffused 
through the water in his apparatus, the 
appearance of the curve in Fig. 5 is 
striking, to say the least; it is very 
near, and practically parallel to that 
obtained in Fig. 4, and, in spite of the 
probable justness of the considerations 
advanced on p. 857, together with the 
effect of the counter diffusion of an¬ 
other gas, the gases nevertheless appear 
to diffuse faster than the theory would 
require. The cause of this may par¬ 
tially lie in the extremely low concen¬ 
tration of the solutions with which the 
experiments in the case of the gases 
were actually performed.* 

* Hiifuer obtained the first value for hydrogen by means of the capillary method 
of Stefan; the gas entered, but did not leave the water. Hiifner himself does not con¬ 
sider the value exact. The second and third values were obtained by the hydrophanc 
method, the former with the counter diffusion of air, the latter with that of carbon 
dioxide. This fact, together with the difference in temperature, might well account 
for the different figures. However, the absorption coefficient of hydrogen for water 
is so small that the latter values are probably farther removed from the truth than the 
first. 

The value for ammonia was obtained by the diffusion of ammonia gas into water 
in a diffusion cylinder so arranged that the gas entered from above, while fresh running 
water was kept in contact with the lower surface of the hydrophane plate, the vertical 
arm of the diffusion tube which held the plate being immersed in the water. 

The value for chlorine was obtained by means of Stefan's capillary method. 

* The molal concentration of saturated solutions of the gases at the temperatures 
of the experiments and at 760 mm. have maximum values as follows; H2 « 0.0008, 
N2 » 0.0007, O2 ^ 0.0014, N *0 « 0.033, CO2 ■= 0.043, and Cli « o.u. It will 
be noted in Fig. 3 that D for caffeine, which diffused too fast, was actually detemusied 
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It will be noted in the table that the values for ammonia are very 
abnormal; Htifner^ was imable to account for this in a satisfactory manner. 
He does mention that Scheffer^ found for ammonia at 4.5° a diffusion 
coefficient of i .06—a higher value than he himself found at 13® (1,052). 
The reason for this is really not far to seek; the absorption coefficient of 
ammonia is 760 at 13®, i. e,, 1 cc. of water at this temperature will dis¬ 
solve 0.57 gram of ammonia gas, giving about i. 75 cc, of solution. vSuch 
a solution is nearly 20 times normal! Neither were Scheffer’s solutions 
dilute; they were about 0.6 and 3.0 normal, respectively.® 

C. The Ideal Diffusion Coefficient and the Diffusion of Metals in 

Mercury. 

M. von Wogau^ has carried out an extensive investigation on the diffu¬ 
sion of metals in mercury, and it w^as in this connection that tlic writer, 
some years ago, published a paper,of which the present one may be 
regarded as a continuation. 

Although at that time it had been shown that the crystalline amalgams 
of the alkali and alkali earth metals are chemical compounds of the re¬ 
spective metals with mercury, von Wogau, in the discussion of his experi¬ 
mental rcvsults, assumed that these metals existed in mercurial solution 
in the form of monatomic molecules. It has since been shown by the 
writer® that even in dilute mercurial solution the metals in question exist 
in the form of compounds of the general formula MeHg„, containing only 
one atom of the alkali or alkali earth metal to the molecule. And, taking 
the mass law into consideration, it would indeed be a surprising fact if 
the compounds in question did dissociate to a marked degree upon the 
addition of a large excess of mercuiy.^ 

If, however, granting for the time being the assumption of von Wogau, 
we plot the logarithms of the resulting ideal diffusion coefficients of tlie 
metals listed in Table VII with those of their molecular (/. c., atomic) 
weights, we obtain the points shown in Fig. 6. 

only at <1 05 niolal concentiatioii Also sahein, which in Tabic II, al o 12 molal con¬ 
centration, has normal \ allies, was also determined at o 07 molal concentration, and 
the value at infinite dilution obtained from these values gave to it an abnormal value. 
No other substances in Table l\ were measured at concentrations below o 1 molal. 

’ Z. physik. Chew , 27, 2^6 

* Ibid., 2, 390 (1888). 

* Cf. note to Table VI. 

* Ann. Physik, [4] 23, 345-70 (1907). 

^ Ibid., I4I 25, 252 (1908); Z. anorg. Chem., 58, 381 (1908). 

* Z. anorg. Chem., 58, 381 (igo8). A summary of the literature concerning the 
crystalline compounds may be found in this paper. 

^ Heycock and Neville, /. Chem. Soc.. 55, 671 (1889). actually do suppose that a 
compound is formed ujion the addition of sodium to mercury, which, upon the further 
addition of sodium, dissociates into sodium and monatomic mercury molecules. 
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GWitiim mcr. ^Mtsnc. 


Tmx Vll. 



Amalgam. 

Number 

of Average Average 
seperete temper* concen- 
determi* atma. tration. 
nations. 1^. %. 

Mean 

value. 

D. 

Exner’t 

rule. 

D'^A. 

Atomic 

wdgbt. 

M. 

Log Af. 

Log 16 ii. 

I. 

Lithium.... 

.. 3 

8.2 

0.141 

0.66 

1.75 

6.94 

0.84136 

1.97818 

2. 

Scklium... . 

• 4 

96 

0.140 

0.64 

3.07 

23.00 

1.36173 

1.44445 

3 - 

Potassium.. 

•. 5 

10.5 

0. II9 

0.53 

3.32 

39.10 

1.59218 

1.13210 

4 - 

Calcium... 

2 

10.2 

O.I 

0.54 

3-42 

40.07 

I.60282 

I *2957 

5. 

Zinc. 

. . 6 

”5 

0.1033 

2.18 

17.63 

65.37 

1.81538 

I.52308 

5'. 

Zinc. 

. 3 

op 2 

0.112 

J.po 

^ 3 S 

65.37 

1.81538 

1.64702 

6. 

Rubidium. 

.. 3 

7.3 

0.157 

0.46 

4.25 

85.45 

I.93171 

0.73105 

7 - 

Strontium.. 

•• 5 

9.4 

0.144 

0.47 

4.40 

87.63 

I.94265 

0.72955 

8. 

Cadmium.. 

. 3 

8.7 

0.128 

».45 

15 37 

112.40 

2.05077 

I.11060 

8'. 

Cadmium.. 

. 3 

PP.I 

0.130 

2 .p6 

31 4 

112.40 

2 .05077 

1.42052 

9. 

Tin. 

• 4 

10.7 

0.145 

1-53 

16 7 

II9.0 

2.07555 

1.10914 

lO. 

Caesium. . 

• 4 

7.3 

0.1475 

0.45 

5.19 

OC 

2.12323 

0.52998 

n. 

Barium. . 

• 3 

7.8 

0.093 

0.52 

6.10 

137.37 

2 . 13789 

0 57811 

12. 

Thallium... 

• 4 

Ji -5 

0.144 

0.87 

12.43 

204.0 

2.30963 

0.62989 

13 - 

Lead. 

. 3 

9.4 

0.138 

1.50 

21.6 

207.1 

2.31618 

0.85991 

13'. 

Lead. 

2 

pp.2 

0.138 

J.p 2 

27.6 

207.1 

2.31618 

0.96712 


In this case also von Wogau tests Exner’s rule that DVAf = const., 
assuming as the values of M the atomic weights of the respective metals. 

He finds the values that 
are listed in Table VII 
under the heading D-<Ja, 
and which are far from 
being constant. 

Long before this, Ost- 
wald* liad expressed the 
view that—in harmony 
w i ^ the relationship, 
D-\lM = const., as estab¬ 
lished by Hhfner* and 
Euler* for the diffusion 
0 f non-electrolytes i n 
aqueous solution — the 
analogous relationship 
would be found to obtain 
_ for the diffusion of metals 

in mercurial solution; namely, that D'ylA * const. G. Meyer,* on the 
other hand, pointed out that this was improbable, since the mean free- 
path I of the metallic atoms is proportional to the product D->lA; and, 
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* Z. physik. Chm„ a4, 530 (1897) 

* Loc, cii, 

* Wied. Ann., 64, 752 (1898). 
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a Ube latter were constant, then the atoms of all metals would have equal 
iMan £ree-paths.^ 

Turning now to Fig. 6, we note that the alkali and alkali earth metals 
all give values that fall on, or ver}’ near to, the line BC, while zinc and lead, 
winch are known to be incapable of combination with mercury,^ at about 
ID* fall on the line DE, and at 99® on the line which is parallel to DE, 
Thallium, which with mercury forms the compotmd TlHg2,® gives a 
value that lies between the lines BC and DE; and as to cadmium and 
tin, which fall near the line DE, both BijF and Puschin,^ and also Wtir- 
Schmidt,^ conclude from their work that these metals are incapable of 
entering into combination with mercury. Van Heterin,^ on the other 
hand, believes that he has found indications that tin may combine with 
mercury; he could not, however, derive a formula for the supposed com¬ 
pound. 

Table VUI.« 


Disaolvcd 

substance 

Average 
concentratian. 
Mols per liter. 

D 

nVAf. 

AJ 

Log JU. Log / JAiff » 

I. 

Zn. 

0 214 

2.18 

17.6 

6s 37 

1.81538 —2.52308 

14 8 

2. 

Cd. 

... « 154 

I 45 

*5 4 

112 4 

2.05077 —2 11060 

12 6 

3 

Sn. 

0 165 

1.53 

16.7 

119 0 

2 07555 —2 10914 

13 7 

4 

Pb. 

... 0 <>902 

J.50 

21 6 

207.1 

2 3x618 —-3 l^ 599 X 

J 7 3 

5 - 

AuHg.. ... 


0 72 

17 6 

59 *“ 4 

2.77699 —3.08034 

13 5 

6. 

TlHg, .. 

... 0 0322 

0.87 

21 4 

605 2 

2 78190 —3 15762 

16 j 

7 * 

LiHg,. 

.. 0 0314 

0 66 

16 3 

(>o8 7 

2 71^440 —A 03514 

12 5 

8. 

NaHg,... 

... 0 0185 

0.64 

20 5 

1026. 

3.01x15 —4 79503 

16 4 

9. 

CaHgft.... 

0 0130 

0 54 

^74 

1043 - 

3 01828 —^4.714x1 

130 

lO. 

KHg,. 

... 0 0130 

0.53 

x 8.7 

1243 

3.09447 —4.62981 

13.9 

11. 

RbHg,.... 

... 0 0165 

0.46 

16.5 

1289. 

3 11025 —4 5525 X 

12.3 

J2. 

SrHg,. .. . 

. . . 0 0151 

0 47 

16.9 

J291. 

3 11093 —4 56117 

12.5 

13 * 

CsHg, . .. 

... 0 0149 

0.45 

16.4 

1336 

3.12581 —452750 

12 2 


BaHg. .. 

0.0094 

0.52 

19 0 

1341 

3 12743 —4 58857 

14 I 







Mean value: K ~ 

P 


By taking as a basis what is known in regard to the compounds formed 
by mercury with other metals, tfie writer has succeeded in arriving at the 

J Riecke’s molecular diffusion theory y Z. physik . Chem,, 6, 504 (1890)) furnishes 
the formula: I ■= 0.0133:? X lo"* X Vx +0.00367^ X D^|M. 

* H. C. Bijl, Z. physik. Chem., 41 , 641 (1902); N. Puschin, Z. anarg. Chem., 36, 
20X-254 (1903); J. Warschmidt, Chem. Soc., X04, II, 101. 

* N. S. Kurnakow and N, Pui^in, Z. awrg. Chem., 30, 86 (1902). 

< Loc. cit. 

*Z. anorg. Chem., 42 , 129 (1904). 

* The value for gold, D « 0.72, at 11 was determined by Roberts-Austen, Prat. 
Hayal Soc., S 9 i (1S96). 

The average molal concentrations of the amalgams were obtained on the assump- 
tkm that the specific gravity of the dilute amalgams at about 10® is equal to that of 
mercury at 20® (i. e., i liter * 13.546 kg.); this assumption is not far from the truth. 
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dMagiven in TeUe VIII.^ It will be noted that Bauer’s nde, that £>VSl* * 
*eonst., roughly holds also in this case. 

^ -Plotting, now, the values of log M and of log lo^ I, we obtain the points 
shown in Fig. 7. They all lie on, or very near to, the line BC, and hMi, 
whidi is known to be incapable of combining with mercury, occupies #le 
position that is far^est removed from the line. For n we obtain in tMs 
case the value > 

• « =* ABjAC = 140/96 = 1-4583. 

Substituting the value of n in the equation /A/" = A', we arrive at IIm 
values of K which are given in the last column of the table. The nuan 
vahle derived from these is K =13.9. ' 

'Assuming now that 13.9 is the correct value of K, the theoretical 
values of D can be calculated by means of the formula 
D = “ *' = 13.9/^/®“*“ 

These values are given in Table IX, together with those actually obtained 


by von Wogau. 

Table IX ‘ 

Mean experimental value Nearest result 

Dissolved with probable error Calculated from a stoitle 

substance. assigned by von Wogau. D-value experiment Difference 

1. Ztk . 2.18 «*» 0.16 2 047 2 04 —o 007 

2. Cd. I 45 ^ o 09 I 596 I 53 —O 066 

3 Sn. I 53 o 064 I 555 I 50 ~~0.055 

4. Pb. I 50 ab o 09 1.207 i 48 -fo 273 

5 AuHg2. o 72 (Roberts- 

Austen) o 744 

6. TlHgg. o 87 0.076 o 738 o 81 +0 072 

7 l/iHgs. o 66 ^ o 045 o 736 o 72 —o 016 

8. NaHgs. o 64 ste o 017 o 579 o 63 +0.051 

9. CaHgt.o 54 * 0.022 o 575 o 56 —0.015 

10. KHgs. o 53 sfc o 032 o 526 0.51 —o 016 

11. RbHgi. o 46 * o 007 o 522 o 46 —o 062 

12. SrHgs. o 47 sfc o 035 o 521 o 53 +0 009 

t 13. CsHgi. o 45 * o 017 0.513 o 47 —0.043 

14. BaHg«. o 52 o 014 o 513 o 52 +0 007 

^ Concerning the constitution of the liquid amalgams of the alkali and alkali 


earth metals, see G. McP, Smith, Z. anorg, Chem,, 58, 381 (1908); and, in regard to the 
compounds LiHgt and NaHgi at ordinary temperatures, see G. McP. Smith and H, C* 
Bennett, This Journal, 32, 622 (1910}, and Z* anorg. Chem., 74, 172 (1911). 

* Gold being heavier than mercury was caused by Roberts-Austen to diffuse up¬ 
wards. But, since all the other metals are spedffcally lighter than mercury (Pb »■ 
ii 3, T 1 « IJ.8), von Wogau was forced to measure their diffusion downwards. Ac¬ 
cordingly, by means of a very ingenious arrangement of horizontally sliding plate-glass 
plates, each of which contained a single circular perforation, he gently slid the small 
disc of the amalgam (which filled the perforation of the upper plate) over the colttnm 
of tinemiry which was contained m the concentric perforations of the lower plates. 

^ At the end of the e;KpQriiiiei]t he separated the different sections of the mercurial solu« 
Ktkm by the same means, fqr analysis. f 
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The calculated values agree, on the whole, very well with those obtained 
by experiment. 

D. The Equation IM" -K, and Its Analogy to the Eqxiation, ~ const., 

for the Polytropic Expansion of Gases. 

The values of k in the equation /Af" = K, in the cases discussed above. 


are given in Table X. 





Table X. 



Table. Case 

Contentralion. 

Temperature 

n. ^ 

2 . 

HydrodifTusion of organic compounds.. 

0 25 

20® 

15054 

4 ‘ 

Hydrodtifusion of organic compounds.. 

Infinitely dilute 

20® 

X 4894 

5. 

HydrodifPusion of organic compounds 

0 25 

10® 

I.4286 

6 . 

Hvdrodiffusion of gases. 

1 'ery dilute 

i 6 ®~ 20 ® 

1,55^6 

8 , 

Diffusion in mercurial solution. 

Tcry dilute 

About 10® 

I 45«3 


It is now easy to explain Exner’s 

rule, that D\M 

= const., 

in terms 


of the above equation. Since in that equation 1 = D/M, we have, 

JJlf" = ” = K; 

it will be seen in the table that in every case the value of (m — i) roughjy 
approximates 0.5, whence we arrive at the rough approximation, 

jDVM = const. 

The equation IM” = K, which was derived in this form simply to 
facilitate the processes of calculation, may of course be converted into 
the form 

MF = C. 

in which »< = i/« and C is a constant. In this form, the analog>' that 
exists between this equation and that for the polytrqjic expansion of-a 
gas—/>»' * const.—will readily be recognized. Both equations are those 
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of processes, and, in deriving the equation MF C, we have analysed 
the process of diffusion, which itself is one of expansion, into two com* 
ponents: one of these, J, corresponds to v, and the other, M, to p, in the 
equation po*' — const. 

In conclusion, it may be stated that, upon applying the ideas involved 
in the conception of the ideal diffusion coefficient to the hydrodiffusion 
of electrolytes, and to the diffusion of gases into one another, the writer 
has succeeded in arriving at certain regularities; these, however, it is 
desired to further investigate, before publication. In connection with 
the diffusion of gases, an experimental investigation is also planned, since 
the right kind of data appear to be lacking in this case. 

Trk UNXVSBaiTY 09 Ilunois, 

UltBANA, III. 
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Introduction. 

It was shown in the fourth paper of this series that the conduction 
process in solutions of the metals in ammonia is an ionic one. The posi* 
tive carrier is identical with the positive ion of the salts of the same metal, 
while the negative carrier, which appears to be the same for different metals, 
can consist only of the negative electron either free or in association 
with ammonia. The characteristic properties of the metal solutions are 
due to the presence of the negative carrier. 

With nonsoluble electrodes, such as platinum, the negative carrier 
passes into and out of the solution without observable material effects. 
That portion of the current which is carried through the solution by the 
negative carrier is, therefore, .similar to the current in a metal, and in 
passing a current from a solution of one concentration to a solution of 
another concentration the only work involved is that of transferring the 
positive carrier.* 

^Previous papers of this series have apjieared as follows: "I,’* This Journal, 
a 9 > 1557 (1907); ‘* 11 /*’ 30, 653 (1908); ‘‘III,” Ibid., 30, 1197 (1908); Ibid., 

30, 1323 (1908). The sentence beginning on line 25, p. 1332 of the fourth paper should 
rand: ‘'According to this hypothesis, the negative carrier should move more slowly 
in dilute than in concentrated solutions,." 

* This is true for very dilute and very concentrated solutions. At intermediate 
concentrations the influence of the solvent envelope must be taken into account, as 
will lie described below. 
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In the metal solutions, Faraday's laws do not hold true in their ordi¬ 
nary sense; for the passage of one equivalent of electricity is not accom¬ 
panied by a transformation or transfer of one equivalent of matter. Under 
given conditions, the material change accompanying the current is a definite 
fraction of that predicted by Faraday's law. To be applicable to the metal 
solutions, Faraday's laws must be extended to include not only ordinary 
matter, but also such forms of matter as we find in the negative electron. 
Under this generalization, Faraday's law would merely state that, in 
a medium carrying a current, the amount of electricity passing a given 
cross-section is equal to the number of carriers crossing the section multi¬ 
plied by the number of charges on one carrier and the value of the unit 
charge. This vdew is that commonh accepted in the present-day theories 
of metallic conduction. 

In dilute solutions of the metals in ammonia we thus have what is equiva¬ 
lent to a mixture of metallic and electrolytic conduction. Of course, 
in these solutions, the negative electron is in all probability surrounded 
with an env'elope of solvent molecules; liowever, the work involved in 
carrying solvent from a solution of one concentration to that of another, 
approaches zero as a limit as the dilution increases indefinitely. 

It is the purpose of this paper to adduce further evidence as to the 
nature of the negative carriers in the metal solutions. If the hypothesis 
that the negative carrier is associated with ammonia in dilute solutions 
is correct, we should expect the negative carrier to possess a speed compar¬ 
able with that of ordinary ions in ammonia. Moreover, we should ex¬ 
pect that at higher concentrations the size of tlie envelope would decrease 
or even disappear entirely. Consequently its speed should increase at 
higher concentrations. 

As was shown in the fourth paper of this series, the positive ions in the 
solution of a metal are identical with the positive ions of the salts of the 
same metal. As has been shown by the work of Franklin and Cady,^ 
the speed of ordinary ions in ammonia does not change greatly with con¬ 
centration. We may, therefore, determine the variation of the speed of the 
negative carrier as a function of concentration by comparison with the 
speed of the positive carrier. 

The ratios of the mean speeds of two carriers present in a solution are 
usually determined by means of the moving boundar\- or of the Hittorf 
method. Unfortunately, such measurements in the metal solutions are 
extremely difficult. It was therefore determined to employ the method of 
measuring the electromotive force of concentration cells, which likewise 
involves the transference numbers of the ions. In the case of the solu¬ 
tions of the metals in ammonia, this method has much to recommend 
it; for not only does the electromotive force method make it possible to 
1 This Journal, a6,499 (1904). 
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work with very small quantities of material over large ranges of conoen* 
tration, but both anode and cathode constitute reversible electrodes which 
are peculiarly free from disturbances. 

Experimental. 

Description oj the Apparatus .—The apparatus employed in these ex¬ 
periments is outlined in Fig. i. The solutions whose electromotive forc^ 

was to be determined were 
prepared in the tubes B and /. 
These two tubes were con* 
nected by a tube, M, and the 
valve L. This valve was made 
by grinding a glass rod, H, into 
a conical seat in the glass tube 
at the bottom of K. The 
valve was polished with rouge 
and was quite impervious to 
liquids. A lubricant could not 
be employed. The plunger of 
this valve was sealed to a tube» 
F, of larger diameter, which 
was joined to the cell-arm I 
by means of a rubber tube, G. 
The greater portion of the 
rubber tube was covered with 
an impervious cement. No 
serious leakage was observed 
due to this connection. The 
valve was opened by raising 
the plunger H slightly. A 
clamp was provided to hold 
the plunger when desired. Nor* 
malh% the valve w^as closed. 
The tube B was provided with 
a branch capillaiy^ N, through 
wdiich the metal was intro¬ 
duced in the manner described 
in previous papers.' The upper 
Fig- I- portion of the cell-arm KI con¬ 

sisted of a graduated tube which was calibrated with the plunger in posi¬ 
tion. The other cell-arm was provided with a narrower graduated tube, 
A, likewise calibrated. The volumes of the two cell-arms, up to fixed 
points on the graduated tubes, were determined. The lower portions of 
^ For a description of this operation, see This Journal, 30 , 1206 (1908). 
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I 4 ie two cells each had a volume of about 4 cc. The tube 0 , which was 
joined to the bottom of the connecting tube Af, was employed in changing 
the volume of the solution in the tubes BT. The electrode connections 
are shown at JT, 

The procedure in manipulating the cell was somewhat as follows; 
After introducing the sodium, the cell was surrounded by boiling am¬ 
monia, connection was made through IX'E with the source of ammonia, 
and liquid was condensed until its level reached the bottom of the smaller 
graduated tube A. The valve L wa*. open in order that the liquid should 
be at the same level in both arm^. The contents of the cell were thor¬ 
oughly mixed. This was done bv removing the bath, closing the cock E, 
and warming either of the tulx'^ Bl with the hand. The solution was 
thus driven into the other arm, and so back and forth until homogeneous. 
After replacing the bath, the volumes were read off on the graduated 
tubes w^hen equilibrium had been established. Ammonia was now' con¬ 
densed into both tubes until the volume in the tube A 7 had been ap¬ 
proximately doubled, the liquid levels being kept the same in the tw^o arms. 
After mixing the solutions separatelv, the volumes were again read. 
Knowing the original volumes in«l the added volumes, it w'as possible 
to determine the relative concentrations of the solutions in the tw'o tubes. 
The experiment was so carried out that the v’olumes were approximately 
in the ratio 1:2. 

The cocks CEP being open, the valve L was opened cautiously, and the 
electromotive force was measured. In general, the level in A was origi¬ 
nally kept a little below that in /, so that on opening L, solution from I 
ran into the connecting tube, and the contact between the two solutions 
w'as made at a point where mixing was a minimum. 

After determining the electromotive force, the valve A was closed, 
as were also the cocks EP, The tube A‘, which had previously been ex¬ 
hausted, was surrounded with ammonia boiling under reduced pressure. 
When the temperature was well below' the normal boiling point of am¬ 
monia, the cock O was opened and the solution in B was forced out through 
the tube 0 by the pressure of its own vapor. Wnhen the solution had been 
transferred, the cock Q was closed and the cocks PE and valve L were 
opened. Half the solution in I now ran into /?, after which L was closed 
and the volumes were read. The cocks CDE were opened and fresh am¬ 
monia was distilled into the cell as before. The ammonia in S was mean¬ 
while evaporated through /?, the sodium being left behind. After de¬ 
termining the liquid volumes, the valve was again opened and the electro¬ 
motive force was determined as before. In this way the more concentrated 
solution always occupied the arm B, and the dilute solution of one ex¬ 
periment formed the concentrated solution of the next succeeding one. 
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A correction, of course, had to be applied for the volume of the small 
graduated tube A. 

When the dilution had been carried sufficiently far, the entire contents 
of the cell were run into 5 and evaporated. The apparatus was exhausted, 
the tube S disconnected, and the metal was dissolved in alcohol. This 
solution was then washed out and titrated to determine the sodium. 
Thus all the data were obtained for determining the concentrations of the 
different solutions. After a series of experiments, the entire apparatus 
was taken down, washed, and dried. It was then set up again and opera¬ 
tions carried out as before. 

The electromotive force was determined by comparing with a standard 
cell, a sensitive galvanometer of 3000 ohms resistance serving as null 
instrument. The sensitiveness, of course, decreased in very dilute solu¬ 
tions where the resistance of the cell became comparable with that of the 
galvanometer. In the more concentrated solutions a change of o.i 
millivolt caused a deflection of about 6.0 scale divisions, while in the most 
dilute solutions it produced a change of only about i.o division. The 
percentage accuracy in the dilute solutions did not decrease in this pro¬ 
portion for the reason that the total electromotive force measured was 
greater in these solutions. 

Although the electrodes employed were vtT;y small, the constancy of 
the electromotive force was remarkable. Within the limits of sensi¬ 
tiveness of the galvanometer, no fluctuations could be observed except 
in the most dilute solutions, where electrode effects appeared. 

Calculations .—^We have seen that, when a current passes through a metal 
solution, the metal is carried from anode to cathode. On the other hand, 
the anion apparently consists merely of a negative electron or of an elec¬ 
tron associated with ammonia. 

In the solution we have the equilibrium 

" 7^ Me 


where is tlie positive ion, the negative ion (consisting of the nega¬ 
tive electron) and Me represents the neutral metal atom. According 
to the results of a previous paper, work is involved only in the transfer 
of the positive metal ions from one solution to another. Equating the 
osmotic and electrical work and solving for the electromotive force, we have 


£1 


2nRT . 
F- 


I 


where Ei is the electromotive force of the cell due to the transfer of solute, 
F is the electrochemical equivalent, n is the fraction of the current carried 
by the positive carriers, R is the gas-constant, T the absolute temperature, 
and (M+)i and (Af+), are the activities of the positive ions in the two 
solutions, respectively. 
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As stated in the preceding section, the negative carrier consists of the 
negative electron, either free or associated with the solvent. The elec¬ 
trons themselves contribute nothing to the work of the cell. If, how¬ 
ever, they are associated with the solvent, the solvent will be carried 
jfrom a solution of higher to a solution of lower vapor-pressure. In con¬ 
centrated solutions, we must, therefore, take this factor into account.^ 
If wi molecules of ammonia are associated with one electron, then for every 
equivalent of electricity, m(i — n) mols of ammonia will be carried from 
the dilute solution of concentration Ct and vapor-pressure pn to the concen¬ 
trated solution of concentration Ci and vapor-pressure pi, the factor i -- n 
being the fraction of the current carried by the negative carrier. Since 
the negative carrier moves from the dilute to the concentrated solu¬ 
tion, the solvent moves from higher to lower vapor-pressures, osmotic 
work is done, and the electromotive force due to the transfer of solvent 
will be in the same direction as that due to the transfer of metal. The 
solvent carried by the negative carrier will, therefore, contribute the 
electromotive force 


E2 


mi i - - n)Rl' 
F 



II 


We are assuming here that the amount of ammonia associated with the 
carriers in the two solutions is constant, an assumption which must be 
veiy" nearly true, since the concentrations differ only in the ratio of i . 2. 
The ammoniation of the metallic ion& does not enter into the osmotic 
work, since the metal does not lose its solvent at the electrode; for the metal 
in any case remains in solution. The only factor introduced here is due 
to change in the ammoniation of the positive ion, which may be neglected. 
Moreover, it will be shown that, even if this were very large, it would not 
produce an appreciable result in the electromotive force of the cell. 

We have, therefore, for the electromotive force E of the cell in the di¬ 
rection from solution i to solution 2, 

Ina 

F 


£ = 4 - £* = 




.RT . Pi 
■n) p log,- 


nr 


If the concentrations are made sufficiently small the activities 
and (A/'*'), become equal to the concentrations and M< *, respectively, 
and the second term vanishes, since pi and pi approach equalit\. 

We have then 


E = 


IV 


2nRT , 

f 

from which n, the transference number of the metal, may be calculated. 
It has been shown in a preceding paper® that Raoult’s law does not 
» Lewis, This Journal, 30, 1355 (1908) 

- Ibid , 30, 1197 (1908). 



870 CUAMXMS A. KRAUS. 

hold for solutions of sodium in ammonia at moderate concentrations. 
At these concentrations, therefore, Equation IV does not apply strictly^ 
Nevertheless, it may reasonably be assumed that the equation will yield 
results of a correct order of magnitude. In dilute solutions, however, 
as will be shown in the next paper, the mass-action law applied to solutions 
of metals in ammonia. For these solutions, therefore. Equation IV is 
exact and the resulting value of n 3?ields a precise measure of the trans* 
ference number of the metal ion. 

As we shall see presently, the transference numbers of the carriers in 
the more concentrated solutions change rapidly with concentration. 
This factor also has been neglected in the preceding equation. It does 
not seem worth while to introduce a correction term for this factor, since 
so many other uncertainties underlie the application of the equation to 
concentrated solutions. The values obtained for n may lx* looked upon 
as mean values between the concentrations in question. Throughout 
the experiments the concentration ratio of approximately i : 2 was 
maintained between the solutions measured. Over this concentration- 
interval the ionization does not change greatly, so tliat the ratio of total 
salt concentrations may be employed in place of the ratio of ion concen¬ 
trations. When the conditions of experiment warrant a greater jirecision, 
a correction will later be made. 

It has also been assumed that the equilibrium existing in the solution 
is that of a binaiy^ electrolyte. The correctness of this assumption will 
be shown in another paper. 

Experimental Results .—The results obtained in three independent series 
of experiments are embodied in the following table. The first column 
gives the number of the observation; the second and third columns give 
the concentration of the solutions in the cell, while the fourth column gives 
the logarithm (to the base 10) of the ratio of these concentrations. Tnder 
Ca is given the mean concentration of the two solutions and under E X 10* 
the observed electromotive force in millivolts. Finally, in the seventli 
column, are given the values of the ratio (i — w)/n, where n is the trans¬ 
ference-number of the sodium ion Na*+^, calculated from Equation IV, 
the absolute temperature being 240®. 

Discussion. 

The fraction of the current carried by the positive carrier Na^ is n. 
That carried by the negative carrier is 1 — n and the ratio (i ~ n)/n is 
the ratio of the amount of the cnirrent carried by the negative carrier 
to that carried by the positive carrier. It is to be noted that in the case 
of the negative carrier this ratio does not necessarily represent the speed 
of any one negative carrier relative to that of the positive carrier, for the 
speed of all the negative carriers is not necessarily of the same order of 
magnitude. The ratio, therefore, involves the average value for all 
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Table I.—Relation between Electromotivb Force and Concentration. 


No 

Cl 

Ct 

log rt Ut 

ca 

E X 10 » 

(1 — h)/h 



Experiment I. 




I. 

0 466o 

0 1928 

0 3741 

0.325 

0 85 

41 0 

2 . 

0 1770 

0 0863 

0 3123 

0.131 

0 9b 

39-0 

3 . 

0 0805 

0 0460 

0 24 U 

0 063 

' X 00 

21 4 

4 . 

0 0420 

0.0148 

0 3274 

0.031 

I 40 

20 6 

5 . 

0.0177 

0 <xy)5 

0 4373 

0.012 

2 55 

15 0 



Experiment II. 




2. 

0 7^2*^ 

0 3390 

0 3522 

0 551 

0 6<‘>9 

54 0 

3 . 

0 3020 

0 1892 

0 2029 

0 295 

0 491 

33 2 

4 . 

0 1625 

0 0897 

0 2580 

0 126 

0 790 

32 ^ 

5 . 

0 0837 

0 04<>t‘) 

0 2322 

0 066 

0 S67 

24 4 

6... 

0 0447 

0 0222 

0 3046 

0 033 

I 355 

20 4 

7 .... 

0 0205 

0 0121 

0 2307 

0 016 

I 300 

15 4 



Experiment III 




1. . 

1 014 

0 h2i)h 

0 2344 

0 S7 ) 

0 o 3 o 

277 b 

2 ... 

0 973 ’^ 

0 4693 

t> 

0 732 

0 32S 

90 0 

3 . 

0 4571 

0 3tSi 

0 1525 

0 3^7 

0 336 

42 2 

4 . 

0 4339 

0 231J 

0 2-39 

0 335 

0 620 

41 2 

5 . 

0 2224 

0 

0 1437 

0 191 

0 384 

34 b 

6 . . 

0 2135 

0.1153 

0 2074 

0 164 

0 72 

33 4 

7 . 

0 1109 

0 077 ^ 

0 15 So 

0 094 

0 SO 

29.2 

8. 

0 X064 

0 0570 

0 

0 081 

u So 

28 8 

9 . 

0 0548 

0 0376 

0 1039 

0 040 

u hs 

23 2 

10. 

0 0520 

0 0274 

0 2934 

0 040 

I >7 

25 0 

II. 

0 0263 

0 0180 

0 1510 

0 023 

0 78 

* 7-4 

12. 

0 0253 

0 1140 

0 2579 

0 020 

I 38 

ib 4 

13. 

0.0135 

0 ooot 

0 1582 

0 011 

0 92 

II 4 

»4 . 

0.0130 

0.007 J> 

0 2058 

0 010 

I 80 

13 2 

15 . 

o.oob 5 

0 0t>34 

0 2779 

0.0050 

2 60 

9 2 

16. 

0.0031 

0 oot(> 

0 2883 

0 0024 

3 40 

7.0 


the negative carriers present. In the case of the sodium ion we may safely 
assume that all the ions move with the same mean speed, and that the speed 
is independent of concentration. Any variation of the ratio, therefore, 
represents the change in mean speed of the negative carriers. 

In Pig. 2, the values of the ratio U n)/n are plotted as ordinates 
against those of the logarithms of the mean dilution (log i t ^) as abscissae. 
The different points are in excellent agreement, lx»tli for points of the .same 
and of different series. This shows that the res-ulUs obtained are reproduci¬ 
ble and represent equilibrium conditions. Such variations as appear are 
due partly to experimental error and f^arily to the approximation^^ under¬ 
lying the calculations. 

It will be seen on inspection that in dilute solutions the negalh’e carrier 
carries about seven times as much current as the positive carrier. The 
fraction of the current carried b}* the negative carrier increases with con- 




















87a OiABUBS A. KRAUS. 

osntnitioti, particularly as nonual concentratiou is approached, lo 
the most concentrated solutions (mean concentration 0.87 normal) the 
negative carrier carries approximately 280 times as mudi current as the 



Fig 2 —Showifag change of (i — n)/»i with the concentration 

positive carrier. In other words, the relative amount of current carried 
by the negative carrier at this concentration is 40 times as great as that 
at high dilutions. 

The values of (i — h)/« are, of course, affected to some extent by the 
approximations made in the calculations. The ionization is changing 
with concentration, so that, even at the highest dilutions, the concentra¬ 
tion ratio ci/ci is somewhat greater than the ratio Ci7i/fi7* of the ion- 
concentrations. The error due to this source is negligible in comparison 
with the observed change in the ratio (1 — «)/«. At higher concentra¬ 
tions the ionization of electrolytes does not follow the mass-action law. 
This error also is small in compapson with the diange observed in this 
ratio. As to order of magnitude, therefore, the values of (i — H)/n 
are doubtless correct. 

It follows, then, that the fraction of the current carried by the nega¬ 
tive carrier increases enormously with increasing concentration. This 
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shows that the mean speed of this carrier increases greatly with increasing 
concentration. 

In dilute solutions the value of (i — n)/n appears to be approaching a 
definite limit which is probably not far from 7, the lowest value measured. 
The ionic conductance due to the sodium ion as deduced from conductance 
and transference measurements is 130.^ The conductahce of the nega¬ 
tive carrier in a sodium solution is, therefore, 7 X 130 = 910, and therefore 
the molecular conductance of sodium at zero concentration is 1040. As 
will be shown in another paper, this is in excellent agreement with the 
directly measured value. 

Since, in dilute solutions, the speed of the negative carrier is of the same 
order of magnitude as that of tlie sodium ion, it follows that the negative 
carrier must be associated witli solvent molecules. In concentrated solu¬ 
tions, where the vapor-pressure lowering due to the solute becomes ap¬ 
preciable, the solvent associated with the negative carrier has an ap¬ 
preciable influence on the electromotive force, and a maximum value of 
the number of solvent molecules (w) associated with one negative carrier 
can be calculated. It can thus be shown that a portion of the current 
is carried by carriers not associated with the sohent. Namely, by placing 
ft equal to zero in Equation III we may calculate a maximum value of 
m from the measured electromotive force (0.080 volt) of the pair of solu¬ 
tions used in Expt. Ill, No. i, where the two concentrations are 1.014 
and 0.627 normal, and where the ratio of the two vapor-pressures is i : 
i.oo6.‘ The value so calculated i*' 0.67. The assumption that n 
is zero implies, of course, that there is tio transference of the positive ion, 
and, therefore, that the whole electromotive force corresponds to the 
work done in the transference of ammonia. Since this assumption, even 
in the more concentrated solutions, is not strictly true, the value of m 
is doubtless considerably less than 0.67, but it can not be greater than this. 
This fact shows that at least one-tliird of the current is carried by electrons 
which are not associated with solvent, since those that are so associated 
must carry at least one molecule of ammonia. 

Moreover, it is evident from the table that, at higher concentrations, 
tlie electromotive force approaches zero, or at least a very small value, 
as a limit. If one molecule of ammonia were associated with a sipgle 
electron, a very considerable electromotive force would necessarily re¬ 
sult, since the vapor-pressure of the solution changes rapidly with con- 
C'entration.^ The greater portion of the current is, therefore, carried by 
negative carriers which are wholly unassociated with ordinary matter. 
Doubtless, except in the case of very concentrated solutions, the larger 
proportion of the negative electrons is associated with ammonia; but their 
1 Kraus and Bray, This Journal, 35, 1368 (1913J 
^ Ibid , 30, ]2jo (1908). 
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spfied under a given potential gradient is relatively so small that they con^ 
tribute but little to the conducting power of the solution. 

We are now able to form a very good picture of the process by which 
conduction takes place in the solutions of metals in ammonia. As we 
have seen, the metal dissociates in solution according to the equation 

Me ^ + e-, 

where represents the neutral atom of metal which is to be looked upon 
as a combination between the positive metal ion M‘^ and the negative 
electron For the alkali metals both ions and are univalent 
as win be shown in a later paper. The process of ionic dissociation obeys 
the mass-action law, so that 

(M^)(e-) ^ 

{Me) 

where the symbols in parentheses represent the activities of the different 
molecular species, which may be replaced by the concentrations them¬ 
selves in dilute solutions. It is probable that both the metal ions 
and the neutral metal molecules Me are ammoniated to a greater or less 
extent. That the electrons are associated with ammonia in dilute 
solutions can not be doubted, for the ratio of the mobilities of the two ions 
Na“^ and approaches a limiting value lying in the neighborhood of 7.^ 
Since the viscosity of the solution does not change materially with the 
concentration, the change in speed of the negative electron can not be due 
to viscosity change. But if the electrons are associated with ammonia, 
then, as soon as the activity of the solvent becomes sensibly constant, the 
ammoniation of the electron becomes sensibly constant, and the speed 
being determined by the friction of the ionic envelope with the solvent 
molecules, the mobility remains constant. 

As the concentration increases, the size of the ionic envelope must dimiri- 
ish and since the frictional resistance diminishes with the size of the envelope 
the mobility of the negative carrier increases. But this is not a complete 
description of the processes involved as the concentration of the solution 
increases. The speed of an electron associated with only one molecule 
would not be greatly different from that of an electron associated with 
a larger number of molecules. Since the current carried by the negative 
carfier increases at least 40 times, when the concentration changes from 
about 0.001 normal to normal, a mere change in the size of the envelope 
wrill not suffice to account for the increased carrying capacity of the nega¬ 
tive ions. What takes place as the concentration becomes greater is 
that a portion of the electrons are completely freed from ammonia for a 
fraction of the time. No individual electron is free for any considerable 
length of time, but the free electrons, the solvent, and the solvated elec- 

^ Compare Kraus, This Journal, 36, 35 et seq. (1914). 
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ti^ns are in kinetic equilibrium. In concentrated solutions we have, 
i]^ fact, three carriers present, namely: Na*^, ^“(NHs),, and e^. When 
fl^ from ammonia, the electrons possess a mobility comparable with that 
of the electrons in a metal. A very small number of free electrons wijl, 
therefore, suffice to produce an enormous increase in the carrying capacity 
of the negative carriers in solution. The great increase in the proportion 
of current carried by the negative carrier is thus due to the presence of 
a small number of free negative electrons. 

The free electrons on reaching the electrodes pass into it freely and pro¬ 
duce no material change in state in this process. The process of condivc- 
tion from the solution to the electrode is thus like that in the metal itself 
in that it consists entirely in a motion of the electrons. 

On the basis of these considerations, we are able to predict what will 
be the properties of ver\' concentrated solutions of the metals in ammonia. 
The number of electrons, which at any instant possess no envelope of 
ammonia in a solution of metal at normal concentration, is very small 
and they possess a mobility many hundred times greater than that of the 
metal ion. As the solution becomes more concentrated, the number of 
electrons free from ammonia will finally be comparable with the number of 
sodium ions present. As a result, such solutions must possess a conducting 
power many hundred times greater than that of a normal solution of so¬ 
dium in ammonia. If such is the case, these solutions should begin to ap¬ 
proach the metals in conducting power. If the properties of metals are 
due to the presence of free electrons, it follows that, since concentrated 
solutions of the metals contain thcvse electrons, these solutions should ex¬ 
hibit those properties which are characteristic of metals. In another 
paper I shall show that this is the case. 

The negative carrier present in dilute solutions of the metals in ammonia 
possesses considerable interest. The fact that this carrier possesses a 
speed approximate!}^ seven times tliat of the sodium ion indicates that the 
solvent envelope surrounding the negative electron is relativeh small. 
It is interesting to note that the speed of the negative electron in am¬ 
monia is many times greater than that of the negative ion produced by 
radiations in hexane.^ The dielectric constant of ammonia is much greater 
than that of hexane and it is not unlikely that the greater speed in ammonia 
is a consequence of this circumstance, for the higher the dielectric constant 
of the medium, the smaller will be the field of force due to the electric 
charge. 

Let us now consider what takes place around an electrode when a cur¬ 
rent passes continuously through the solution of a metal in ammonia. 
At the cathode the concentration of metal increased under the action 
1 This Journal, 36, 59 (1914). 
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of the current. As soon as such concentration increase reaches an at»*» 
preciable value, a relatively smaller quantity of metal is carried up for 
a given current. Consider a number of equipotential surfaces in the neii^^ 
borhood of the cathode at which the concentration of the metal increase^ 
as the cathode is approached. The amount of metal carried across these 
surfaces decreases in proportion to the decrease of the transference number 
•of the metal ion as the electrode is approached. There is, thus, a dis¬ 
tributed accumulation of the metal throughout the volume of the solution 
in the neighborhood of the electrode. In the end, if the current be suffi¬ 
ciently great, no further change will take place immediately at the elec¬ 
trode surface. At a distance from the electrode the concentration change 
will increase up to a certain point and then again decrease until the normal 
concentration of the solution is reached. 

The metal, then, is not deposited at the electrode surface, but is dis¬ 
tributed throughout the electrode volume. Of course, the phenomenon 
is modified by diffusion and, under certain conditions, by convection. 
It is also greatly influenced by concentration. At very high concentrations 
the phenomena are much less marked than at low concentrations. The 
phenomena described in the fourth paper of this series are completely 
accounted for by the above hypothesis. 

At the anode, with a non-soluble electrode, the phenomenon differs 
greatly from that at the cathode, if the solution is not too concentrated. 
Assume an electrode surrounded by a dilute solution of given concentra¬ 
tion. When an electromotive force is applied, the negative carriers move 
to the electrode while the positive carriers move away from it. Now, the 
negative carrier moves up to the anode and then enters the metal. The 
only physical change accompanying this process is that ammonia is left 
behind at the electrode surface. In a dilute solution the ammonia thus 
left behind is relatively so small that it has no material influence on the 
observed phenomena. At the electrode surface there is, therefore, no 
manner of mechanical disturbance and we are able to observe phenomena 
which in ordinary solutions would be obscured by secondary effects. 

The withdrawal of positive metal ions from the immediate vicinity of 
the anode surface causes an almost instantaneous removal of all metal 
from this region. The speed of this process is accelerated owing to the 
fact that when the concentration change sets in, the potential gradient 
in this region rises and thus increases the speed of the carriers. 

In the immediate neighborhood of the anode there will, therefore, 
result a region which contains no metal whatever and across which the 
current is carried entirely by the negative cauriers moving freely under 
the action of the applied potential. The extent of this region will depend 
on the electromotive force applied, the concentration of the solution, the 
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shape and size of the electrodes, and other specific factors. As was de¬ 
scribed in the fourth paper of this series, the boundary of the metal-free 
reglxm is usually very clear and distinct. Up to this boundary the metal 
is maintained in position by processes of diffusion and convection, the latter 
factor being the most important if a considerable potential is applied. 

It is thus seen that in the case of an anode in a dilute metal solution, 
where one of the carriers is removed from solution when it reaches the 
electrode siuiace, the current is carried entirely by one carrier over an 
appreciable distance. That a similar phenomenon obtains in solutions 
of ordinary electrolytes appears highly probable. 

Summary. 

The electromotive force of concentration cells of solutions of sodium 
in liquid ammonia has been measured over an extended concentration 
range. 

From these measurements approximate values of the transference 
numbers have been calculated for different concentrations. The ratio 
(1 — n)/n of the fraction of the current carried by the negative and posi¬ 
tive ions approaches a limiting value of approximately 7 in dilute solutions, 
and increases to a value of 280 at a mean concentration somewhat less 
than normal. 

ASvSuming tlie si>ee(i of the positive ion to remain constant, the mean 
speed of the negative ion increases 40 times between about 0.001 and i.o 
normal. Assuming the equivalent conductance of the positive ion to be 
130 (that of the sodium ion), the equivalent conductance of the dilute 
metal solution is calculated to be 1040. 

These results are accounted for on the assumption that the ions Na^ 
and exist in solution. At high dilutions the negative electron , 
which serves as negative ion, is surrounded by an envelope of ammonia 
which determines its speed. At higher concentrations some of the nega¬ 
tive electrons are free from the ammonia envelope for a fraction of the time 
Under these conditions they move with a speed comparable with that of the 
negative electrons in metals. This accounts for the rapid increase of the 
transference number of the negative carrier at higher concentration^j, 
for the number of free electrons increases as the proportion of metal to 
ammonia increases. 

The electrode phenomena described in the fourth paper of thi^ senes 
are in accord with the above hypothesis. 

On the basis of the osmotic work involved, it is shown that in the most 
concentrated solutions a portion of the current is carried by carriers not 
associated with ordinary matter. 


Boston. Mass 
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As an explanation of the catalytic effect of colloidal platinum on t&e 
decomposition of hydrogen peroxide, Bredig^ and his associates acc<^t 
the hypothesis, originally advanced by Haber,* that the platinum ftrst 
forms an unstable oxide, which reacts with the peroxide giving, of course, 
oxygen and water. The possibility of such an intermediate product has 
appeared more probable since the work of Grube,® who has shown that 
the evolution of oxygen from a platinized platinum cathode is preceded 
by the formation of PtOs. The two stages in the reaction, according to 
this explanation, may be represented by the equations: 

.rPt + V2y02 - Pt^Oy (1) 

+ yHaOs = xVt + y^O + (2) 

If the concentration of the unstable oxide remains constant, or, in other 
words, if the change represented by equation (i) is rapid in comparison 
with that represented by equation (2) the reaction would be expected to 
be of the first order. That this is only approximately true is evident 
from the typical series of determinations from the work of Bredig and 
Ikeda^ given in Table I. Time in minutes is given under the columns 
headed t and under (a — x) the concentrations of hydrogen peroxide in 
arbitrary units. The columns headed by ki contain the value of the ex¬ 
pression: i/t log a/(a — X) the first order “constant.” In this formula 

Table I. 


L 

a — X, 

h X 100. 

Km X 100. 

/. 

a — X. 

h X 100. 

Km X 100. 

0 

12.54 




0 

11.80 


. . 

4 12 

8.57 

4.01 

2 

.96 

3.90 

8.30 

3-93 

2.87 

7.37 

6.19 

4-15 

2 

•97 

7.90 

5.70 

4.00 

2.8x 

12.25 

3.68 

4 37 

2 

•95 

11.96 

3 70 

4 22 

2.84 

19 75 

I 52 

4 62 

2 

.89 

16 55 

2.04 

4 60 

2.94 



t. 


a — X. 

in X HH). 

Km X 100. 





0 


10 50 







3.82 


7 43 

3.93 

2.80 





9.29 


4.50 

3.95 

2.68 





15.37 


2.27 

4.26 

2-74 





19.80 


1.37 

4.45 

2.70 




^ '*Axuirgaiusche Fermente,’' Z, physik. Chetn., 31, 258 (1899) 37 » 5 (1901). 

* Z. anorg. Chem., x8, 40 (1898). 

* Z. Ekktrochem., x6, 621 (1910). 

* Z. physik. Chem., 37, 5 (1901). 
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^TWlliesents the concentration of the peroxide at the beginning of the re¬ 
action. It is apparent that the value of the first order “constant** in¬ 
creases as the reaction proceeds. This slow increase of ki is also quite 
evident in fifty other series in the paper from which these figures are taken. 
That this shift in the value of ki is not caused by a slow saturation 
of|the catalyzer with oxygen is definitely shown by some experiments of 
these authors, the data of which are given in Table II. The colloidal 
platinum used in Series B had already been used in Series A and contained, 
presumably, the full quantity of the unstable oxide. A similar increase 
in the value of ki can be observed in both series. This means, of course, 
that if the reaction takes place in the stages represented by equations (r} 
and (2) the process represented by equation (i) is much the more rapid. 
We must, therefore, seek another explanation of this interesting variation. 


Table TI 


Senes A 
Cone Pt 
o.ox>oi4 

t a -X 100*1 

O 

5 93 
10.90 
16 00 


Km ‘ l'>0 

o 

5 9 
12 5 
IS 4 
25-1 
3 


Series B 
Cone. Pt 
o 0000084 

a — x. \') 0 ki Km K !♦» 


39 6 



29.2 

2 2.5 

2 07 

19 I 

2 54 

2 25 

13 I 

2 6 i 

2 25 

: 9 

2.79 

2 28 

5 ^ 

2 89 

2 28 


Mean, 2 23 


jfi t 

15 ^ .3 72 3 45 

9 > 4 13 3 30 

4 S 4 02 3 46 

Mean. 3 41) 


As the colloidal platinum presents a very large surface to the liquid 
it seems possible that an adsorption of the peroxide on this surface influ¬ 
ences the rate of reaction. It is also probable that the reaction is confined 
to a layer next the solid-liquid boundary.* Such an adsorption would 
be expected to follow the usual isotherm 

x/ni = a(c — Ji)", (3) 

in which x, c and in are respectively the amount of adsorbed solute, the 
total concentration of solute and the concentration of the colloid, anti 
a and n are constants. The term {c --- x) represents the conc'entration of 
solute in equilibrium with tlie adsorbed quantity x. It can easily be seen 
that if the exponent n is less than i, which is the case in adsorption iso¬ 
therms which have been directly measured, a relatively larger portion of 
the total amount of the solute will be adsorbed from dilute solutions, and 
if the reaction takes place in the adsorbed layer, the adsorbing medium 
will be more effective as a catalyst as the concentration decreases, as is 
observed in the case under discussion. 

' Freundlich [‘'Kapillarchemie*' (p. 382)] has suggested adsorption and diffusion 
through the adsorbed layer as an explanation of this variation 
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If the adsorbing material is very dilute, the amount of adsorbed stdMrtiliuee 
X may be neglected where it occurs in the difference (c — x). The ad¬ 
sorption isotherm then takes the form: 

x/m =* ac^ (4) 

Solving for x and substituting it in the pla^ of the active concentration c 
in the differential equation of a reaction of the first order, dc/dt « K'c, 
we obtain: 

dc/dl =* K'mac^ or dc/c^ = K^madi 
Integrating between the time limits zero and / the expression becomes:* 

= [{n-i)K'nta]i, 
and collecting all the constants in the term K we have 

Cl-” - C]-” = is) 

in which Co and G are the concentrations of peroxide at the beginning 
of the reaction and after the elapse of the time /, respectively. 

The amoimt of substance adsorbed wUl depend on the extent of the 
surface of the adsorbing medium exposed to the solution. The surface 
will, of course, vary with the concentration of the adsorbent (w of Eq. 3) 
and its degree of dispersion, a factor which influences the value of a in 
the same equation. Since the term Km (of Eq. 5) is a product containing 
a as one of its factors it would, in general, be a constant for more than one 
series only when a given concentration of the identical preparation of 
colloid is used in all the runs. There is, however, no such restriction as 
to the constancy of the term n for its value depends only on the nattue of 
the substances involved. If Equation 5 is based on correct assumptions 
the value of this constant found for one series of determinations should 
hold also for any other series. Calculations, by the author, based on the 
work of Bredig and Ikeda have shown that this is the case. A single 
value (0.8) for the adsorption exponent has been found sufficient to ex- 

Tablb III. 

Cpt 0.0000x03. 


t. 

0 - X, 

10(» ku 

KK) ( Km )* 

0 

24.8 


, , 

2.32 

20.25 

3.8 

(3.28) 

4-52 

16.4 

4.0 

3-34 

7.62 

11 82 

4-2 

3.44 

9.67 

9 38 

4-4 

3.48 

12.2 

7.3 

4 A 

3.42 

14*7 

5 4 

4 5 

3-40 

17.2 

3-55 

4.9 

3 56 

19.0 

2.8 

50 

3-54 

22.0 

1 91 

5,1 

3.4^ 


^ Bodenstein and Stock { Ber ., 40, 570) have applied a siipilay equation to the 
catalinns of gas reactions. 
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press tllft experimental results of these investigators, even though the 
concentration of the colloid and the initial concentration of the hydrogen 
peroxide vary through rather wide limits. A glance at the columns headed 
Km in Tables I, II and III which contain values of this product will indi¬ 
cate how closely the equation expresses the results. 

The values of Km found in Table II are particularly interesting since 
th&y afford another test of the validity of the assumptions contained in 
the derivation of Equation 5. As will be recalled, the same sample of 
colloid was used in Series A and B but at different concentrations. In 
thia case the ratio of the two constants {Km)]i/{Km)A should be the same 
as the ratio of the concentrations of the colloid The values 

actually observed are: 

{Km)B 2.23 niB 0.0000084 . 

' > ; ~ = 0.65 and = — ^ = 0.60, 

\Km)A 3.40 mA 0.0000140 

which agree as closely as could be expected. 

An equation that does not involve the neglecting of the term x, where 
it occurs in the difference {c - x), in the adsorption isotherm, can be 
derived, but it is, in its .simplest form, a three constant expression. As 
we have no independent means of evaluating the extra constant, the use 
of such an equation would give no further light on the mechanism of the 
reaction. The great dilution of the catalyst (not over 0.000031 mol 
per liter in any case investigated) lends support to the supposition that we 
are dealing with a rapid reaction in an adsorption layer which invoh^es 
only a small portion of the total concentration. 

In the foregoing, only the series in which pure hydrogen peroxide and 
the colloid are in solution are considered. Equation 5 does not describe 
the results of experiments in which “poisons"' such as prussic acid, iodine 
or hydrogen sulfide are present, since tliere are a number of ways in which 
such substances may influence the reaction, such as chemical combination 
of the “poison" with the platinum or witli the peroxide, selective adsorp¬ 
tion of the “poison,” etc. It is interesting to note that the reaction under 
consideration is one of the ver>^ few in which this test for adsorption can 
be used, since practically all other reactions give rise to products which 
will change the system as the reaction proceeds. 

It also seems probable in the light of these calculations that the diffusion 
of the peroxide to the surface of the colloid, 1. e., tlie velocity of adsorption, 
is more rapid than the rate with w’hich the decomposition takes place. 
The Brownian movement of the particles and the stirring effect of the 
bubbles of evolved oxygen undoubtedly have the effect of bringing fresh 
solution into contact with the colloidal particles, thus maintaining a sat¬ 
urated adsorption layer. 


UftBAMA. Xu.. 
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HYDROGEN TELLURIDE AND THE ATOMIC WEIGHT OF 

TELLURIUM. 

By L . M. Dennis and R. P. Anobrson. 

Received March 20 , 1914 . 

I. Introduction. 

The position of tellurium in the Mendel^eff arrangement of the ele¬ 
ments is, in respect to the atomic weight of the element, strikingly ttK>m- 
alous, and has given rise to ingenious speculations and many experim^tal 
investigations that have had as their object the explanation or the riMOval 
of this anomaly. Contributions that have been made to the dhehlical 
literature upon this subject up to the year 19 ii have been summarized 
by Dudley and Jones. ^ Since that time a further article by Plint^ has 
appeared, in which the author states that no variation in the atomic 
weight of tellurium was obtained when his method of hydrolytic precipita¬ 
tion was used on crude material. Pellini® tested the method of Browning 
and Flint, ^ and as a result of numerous analyses concludes that this method 
offers no evidence of a decomposition of tellurium. The same condusion 
concerning the method of Browning and Flint has been reached by Morgan.^ 
In this connection it is interesting to note that while so many investiga¬ 
tors have been endeavoring experimentally to demonstrate the complexity 
of tdlurium, and thus to furnish an explanation of its high atomic weight, 
Kusnezow® suggests that the atomic weight now assigned to the element 
may, after all, not be abnormal even though it is higher than that of iodine.^ 
He bases this idea upon certain variations in the atomic weights in the 
elements of the uneven series, but the data that he cites do not appear 
strongly to support the validity of his suggestion. 

If the high atoinic weight of tellurium is due to the presence of a small 
amount of an element that is analogous to the members of the primmy 
group of Group 6 of the Mendel^ff table, it seems reasonable to suppose 
that this substance might be separated from what is now termed tellurifun 
by some process of fractionation, a method that has yielded such exceltent 
results in the separation of other markedly similar elements and compounds. 
Mendel^ff predicted* the existence of such an element, giving it provision¬ 
ally the name dvi-tellurium and assigning to it an atomic weight of 212. 
If, however, such an element exists, its atomic weight is probably some- 

1 This Journal, 34f 995 (1912). 

34, 1323 (1912). 

* R. Accad. Lincei, [5 J ai, I, 218 (1912). 

A Am. J. 5 a., [4] a8, 347 (1909)- 

^ This Journal, 34$ 1669 (1912), 

* Iswestja des Donschen Polytechn. Inst, zu Nowotscherkask, t, II, 380 (1912); Chm ^ 
Zeniralh., 84, 1, 772 (1913). 

^ See also Werner, Ber., 38, 914 (1905). 

* J. Chem. Soc., 5$, 649 (1889) 
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what greatier than this value. The elements in the odd series of Groups 
4 and 5 of tht Periodic Table show the following differences in their atomic 


weights; 

Smee. 

Group 4 

At. His. 

Differeiictb. 

Group 5. 

At wts. 

I>iffereuces 

3..^. 

... Si 28 3 

44 2 

p 31 04 

43.92 

5. 

. . Ge 72 5 

4^ 5 

As 74 96 

45.24 

7 .' . 

. . Sn 119 0 

8S.1 

Sb 120 2 

87.8 

11 . 

Pb 207 I 


Bi 208 0 



It is seen that in each group the difference between the atomic weight 
of the element in the 7th series and that of the element in the nth series 
is very nearly twice (i.qg times) as great as the difference between the 
atomic weights of the elements in the 3rd and 5th series in that group. 
If this holds true for the 6th group as well, the atomic weight of dvi-tel- 
lurium would be equal to twice the difference between the atomic weights 
of selenium and sulfur, or 2 X 47.13 = 94.26, plus the atomic weight of 
tellurium. If the atomic weight of tellurium is 127.5, the present value, 
the atomic weight of dvi-tellurium would be about 127.5 + 94*3 = 221.8. 
If the atomic weight of tellurium is less than that of iodine, say 126,5, 
dvi-tellurium w'ould then have an atomic weight of about i2().5 + 94.3 = 
220.8. In this latter case, what is now^ knowm as telliurium would consist 
of 98.94^'( of true tellurium and i.o6^/J of dvi-tellurium. 

If this dvi-tellurium is really the cause of the high atomic weight, it 
seems reasonable to suppose that, even though it is present in compara¬ 
tively small amount, it should, by reason of its much higher atomic weight, 
be rather easily separable from tellurium. The failure of so many able 
investigators to resolve tellurium into tw^o or more components would 
apipear to support the view' that the high atomic weight of the substance 
is, as has been suggested by others, due rather to the presence of a com- 
p^atively large amount of a body that resembles tellurium ver}' closely 
and that possesses an atomic weight but slightly above that of tellurium. 
If this were the case, the lack of success in tlie attempts to separate the 
two substances might readily be understood, for the histoiy’ of the wsepara- 
tion of the chemical elements furnishes more than one illustration of such 
a case. For example, the composite nature of didymium was suggested 
by Marignac as long ago as 1853, and the same idea was later advanced 
bf Delafontaine and by Brauner. Nevertheless many investigations 
aMi many methods of extended fractionation failed to yield any distinct 
coinponents of didymium until Auer von Welsbach, by the use of a method 
tfiltt had been suggested by Mendel 4 eff, succeeded, in 1885, in splitting 
didymium into praseodymium and neodymium. He accomplished this 
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tRSult because he employed a method of fractipnation that iras pitU!- 
tically new, and also ^cause he started with a large amount of material 
which he subjected to many hundred fractional crystallizations. 

If tellurium is really of composite nature, and if it consists of two ele¬ 
ments of closely similar properties, the work that already has been done 
upon this subject would seem to demonstrate that the fractional separation 
of these components will be successful only (a) if the procedure that is 
used yields quite rapid and complete separation of the two substances, 
or (6) if a very large number of fractional separations is made with large 
amounts of material. 

The methods of fractionation that have thus far been emplo3ed in the 
attempt to split tellurium into components are: 

1. The distillation of tellurium.* 

2. The distillation of tellurium dioxide.* 

3. The distillation of tellurium tetrachloride.'* 

4. The sublimation of tellurium tetrabromide in a vacuum.♦ 

5. The crystallization of hydrated telluric acid, H2Te04.2H20/ 

6. The crystallization of potassium tellurium bromide, KiTeBr^.* 

7. Crystallization of barium tellurate.^ 

8. The precipitation of tellurium from a solution of tellurium in potas¬ 
sium cyanide by a current of air.^ 

9. Precipitation of sodium thiotellurate.^ 

10. Hydrolysis of a hydrochloric acid solution of tellurium tetrachloride.* 

11. Precipitation of tellurium from a solution of tellurium tetrachloride 
by hydrazine hydrochloride.* 

12. Electrolysis of tellurium tetrabromide and tetrachloride.® 

13. Decomposition of hydrogen telluride.® 

The results of most of these methods of fractionation have been such 
as to lead to the conclusion that tellurium is homogeneous and that the 
anomalously high atomic weight of the element must be regarded as cor- 

^ Baker and Bennett, /. Chem, Soc,, 91, 1849 (1907)- 

* Baker and Bennett, /. Chem, Soc., 91, 1849 (1907}; Marckwald, Ber, d, chem, 
Ges., 40, 4730 (1907); Norris, This Jootnal, 38, 1675 (1906). 

* Baker and Bennett, Loc. cit, 

< Brauner, /. Chem, Soc., 55, 382 (1889). 

• Staudenmaicr, Z. anorg, Chem,, lo, 189 (1895); Baker and Bennett, J, Cheim. 
Soc,, 9X, 1849 (1907); Marckwald, Ber. d. chem. Ges., 40, 4730 (1907). 

• Norris, Fay and Edgerly, Am, Chem, 23, 105 (1900). 

7 Brauner, /. Chem, Soc., 67, 349 (1895); Chem. News, 71, 196 (1895). 

* Brauner, J. Chem, Soc., sSf 3^2 (1889); Baker and Bennett, Loc, cU.\ Btfrnnmg 
and Flint, Am. J. Set,, [4] 38 , 347 (1909); Flint, Ibid., [4] 30, 309 (1910); Hht* 
court and Baker, J. Chem. Soc., 99 i 1311 (1911); Flint, This Journal, 34* 1325 (tgu); 
Pellini, Aui R . Accad. Lincei, Roma, [5] 21,1, 218 (1912); Morgan, This Journal, |4t 
1669 (1912). 

• Dudley and Jones, This Journal, 34» 995 {19*2) 
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rect. It has scfsned, however, to the authors of this paper that, before 
such a concittskin is accepted as final, further attempts should be made 
to decompose tellurium; for it is still possible that, as has been pointed 
out above, a new method of fractionation may give positive results al¬ 
though the methods heretofore in lise have failed to do so. In choosing 
a procedure, it seemed to us that the fractional distillation of a gaseous 
compound of tellurium offered the best promise of success, and of such 
compounds hydrogen telluride was selected. 

Both Metzner^ and Baker and Bennett- have determined the atomic 
weight of tellurium that was prepared by the decomposition of hydrogen 
teHuride, but the systematic fractional distillation of hydrogen telluride 
does not appear to ha\'e previously been attempted. 

Hydrogen telluride di.ssociates at a much lower temperature, 0°, than 
either of its analogues, hydrogen sulfide and hydrogen selenide. It may 
logically be inferred, therefore, that the hydride of a higher member of 
the group, such as the hypothetical dvi-tellurium, would break down at 
a temperature considerably below o®, and that, if a mixture of the hydrides 
of tellurium and dvi-tellurium in solid form were prepared with the aid 
of liquid air and were then allowed gradually to rise in temperature, there 
might result not only the decomposition of tellurium through the fractional 
distillation of its hydride, but also the segregation, in the distilling flask, 
of dvi-tellurium because of the breaking down of its hydride before the 
boiling point of hydrogen telluride. o®, was reached. 

2. Purification of Material. 

The material that was used in this investigation comprised 500 g. of 
“pure*' tellurium from C. A. F. Kahlbaum, Berlin, and about 1400 g. 
of tellurium of a purity of approximately 85^, ^ from the American Smelt¬ 
ing and Refining Company. 

In the purification of this material the method of Staudenmaier® was 
rather closely followed. The tellurium was dissolved in a slight excess 
of nitric acid (1:1) and there was then added a slightly greater amount 
of dhromium trioxide than was needed to oxidize all of the tellurium to 
the hcxavalent state. The resulting solution was concentrated by evapora¬ 
tion on a water bath until the greater part of the telluric acid was pre¬ 
cipitated. This telluric acid, still moist with adhering nitric acid. \\as 
placed in a funnel and washed with alcohol. The alcohol reduces the 
chromium trioxide to chromic oxide which then forms chromic nitrate 
with the nitric acid that is present and this is removed by the alcohol. 
Waaiiing with alcohol was continued until the alcohol took on no color, 
and the telluric acid was then further purified by repeatedly dissolving it 

* Ann, chim, phys„ b) 15, 203 (1898). 

^ 7 * Chem, Soc., 91, 1849 (1907). 

* Z , anorg, Chem., 10, 189 (1895). 
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in hot water and precipitating it with concentrated nitric add. The 
pure white telluric acid thus obtained was placed in a BAdin^ fimnel, 
and was washed with absolute alcohol to remove the nitric acid. lit this 
manner about three kilograms of telluric acid that gave no test for either 
sulfur or selenium was prepared. 

This purified telluric acid was then reduced by hydrazine hydrochloride/ 
by adding a concentrated solution of the latter, in small amounts at a time, 
to a boiling, concentrated solution of the telluric acid. Reduction takes 
place readily, the reaction being chiefly that expressed in the equation: 

2H2Te04*2H20 + 3N2H4*2HC1 = 6 HC 1 + 12H2O + 2Te + 3N2 

The resulting tellurium was collected on a filter, and was washed, first 
with hot water to free it from hydrochloric acid, and then with alcohol to 
reifiove the water. It was then dried at a temperature of io5-iio*'’. 
Tellurium prepared in this manner varies in color from light gray to black, 
the tint depending upon the conditions pertaining during the reduction. 

The filtrate from the reduction of telluric acid by hydrazine chloride, 
which contains some of the latter compound together with some tellurium 
tetrachloride, was utilized for the reduction of further amounts of telluric 
acid; hydrazine chloride and telluric acid were added to the successive 
filtrates until the concentration of the hydrochloric acid became so great 
as seriously to interfere with the further precipitation of tellurium. The 
tellurium was recovered from this solution of its tetrachloride by evaporat* 
ing the liquid nearly to dryness to expel the hydrochloric acid, treating 
the residue with water which hydrolyzes the tellurium tetrachloride, and 
then reducing the suspended tellurium dioxide by hydrazine chloride. 

3; Preparation of Metallic Tellurides. 

Since it seemed probable that the most convenient means of preparing 
large quantities of hydrogen telluride would be afforded by the decomposi¬ 
tion of a metallic telluride by water or by an acid, tellurides of certain 
elements were prepared and the yield of hydrogen telluride from each of 
them was studied. 

In the preliminary experiments the telluride was made by heating 
* The hydrazine hydrochloride was prepared in large quantities from hydrazine 
sulfate (Raschig) in the following manner: Hydrazine sulfate was dissolved in hot 
water and the equivalent amount of barium chloride in solution was added. The 
liquid was thoroughly stirred by a current of air, and was then allowed to stand tttttil 
the greater part of the barium sulfate had separated out. A sample of the supematiac 
liquid was then drawn off and filtered, and this filtrate was tested for barium and fpr 
sulfate. A small amount of barium chloride or hydrazine sulfate was added until the 
final solution contained a very slight excess of barium chloride. The barium suffate 
was then allowed to settle out, the supernatant liquid drawn off, filtered, and dMi 
evaporated to such point that the hydrazine chloride would crystallize. Recrystalliza* 
tlon of this product gave a hydrazine chloride that was free from sulfate and that con* 
tained but a very slight trace of barium chloride. 
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proper amounts of tellurium and the metal in question in an atmosphere 
free from oxygen. The reaction was carried out in a flask that was made 
by blowing a small bulb on the end of a piece of combustion tubing that 
was about 25 centimeters long. This flask was supported in a vertical 
position, and the air in it was displaced by a current of nitrogen that was 
introduced through a tube reaching nearly to the bottom of the flask. 
Either all of the mixture of tellurium and the metal that was to be heated 
was placed in the flask, or, in those cases where the combination of the 
elements took place with considerable violence, portions of the mixture 
were dropped into the heated flask from time to time. The flask was 
heated by the flame of a Bunsen burner to the temperature at which the 
union of the two elements readily resulted. 

The approximate yield of hydrogen telluride from each sample of metallic 
telluride prepared in the above manner was determined by decomposing 
the teUixride in the flask in which it had been made. The flask was 
fitted with a three-hole stopper that carried an inlet tube for the admission 
of nitrogen, an outlet tube, and a separator^' funnel through which the 
decomposing liquid was introduced. I'he outlet tube was joined to a 
chain of apparatus that comprised a test tube containing water, I'-tubes 
containing calcium chloride and phosphorus pentoxide, and finally a test 
tube containing a solution of cadmium chloride. The telluride was de¬ 
composed either by water or by dilute hydrochloric acid. To avoid, 
so far as possible, the decomposition of the hydrogen telluride during the 
evaluation of the sample, the water in the test tube next to the flask was 
first boiled to free it from dissolved oxygen and was cooled by ice and salt 
during the run ; the decomposing liquid, either water or dilute hydrochloric 
acid, was boiled to free it from dissolved oxygen, and was cooled nearly 
to o® before being placed in the separator}’ funnel; the flask containing the 
sample of telluride w^as immersed in a solution of salt that was kept at 
a temperature of about 10® by surrounding it by a freezing mixture, 
and the air w as completely removed from the apparatus b}’ passing through 
it a current of nitrogen. After the air in the chain had been displaced, 
the decomposition of the sample w^as effected by slowly dropping water, 
or dilute hydrochloric acid, from the separatory funnel upon the mciallic 
telluride in the flask. The gas that w^as evolved, wdiich consisted chiefly 
of hydrogen and hydrogen telluride, passed through the chain of apparatus, 
was freed from hydrogen chloride by the w ater in the test tube, was freed 
from moisture by the calcium chloride and phosphorus pentoxide, and the 
hydrogen telluride then reacted with the cadmium chloride to form a 
priedpitate of cadmium telluride. The gas was washed and dried before 
passmg it through the solution of cadmium chloride because these opera- 
tiops would be necessary in any subsequent method for the preparation 
of pure hydrogen telluride, and it w*as consequently desirable in these 
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preliminary experiments to determine the yield of gas tmdferilie oottditions 
that would later pertain. It was noted that the hydro^to tdttmide was 
decomposed by the'water in the test tube to an extent sttfBdent to cause 
the separation of a black, flaky deposit of tellurium. Moreover, the cal¬ 
cium chloride and the phosphorus pentoxide, as well as the walls of the 
U-tubes that contained these substances, became blackendi by tellurium 
that was set free by the spontaneous decomposition of the gas. It is 
evident, therefore, that the washing' and drying of the hydrogen telltiride 
in the manner above described materially decrease the yield of the gas. 

Zinc Telluride. —When a mixture of powdered zinc and powdered tel¬ 
lurium, in equi-atomic proportions, was heated in the flask to dull redness, 
combination of the two elements took place quietly, the resulting product 
had a brownish red color, was stable in dry air, and was slowly decomposed 
by moist air or by dilute hydrochloric acid with the evolution of a mixture 
of hydrogen and hydrogen telluride in which hydrogen predominated. 

Antimony Telluride, —Mixtures of powdered antimony and powdered 
tellurium in varying proportions melted quietly when the flask was heated, 
but gave no visible indication of chemical action. When the two sub¬ 
stances, in the proportion called for by the formula Sb^Te^, were heated 
together, the product was tin-white in color, stable in the air, and not af¬ 
fected by cold, dilute hydrochloric acid. 

Iron Telluride, —When a mixture of powdered iron and powderwi tel¬ 
lurium, in equi-atomic proportions, was heated, the reaction took place 
quietly and a black product, that was not attacked by cold, dilute hydro¬ 
chloric acid, resulted. 

Magnesium Telluride. —Powdered magnesium and powdered tellurium, 
in equi-atomic proportions, combine vigorously when heat is ap|flied to 
the mixture, and for this reason this telluride was prepared by succes¬ 
sively dropping small amounts of the mixture into the flask. When 
neither constituent is present in excess, the product is pure white in color. 
This magnesium telluride is decomposed by moist air with the fortBAtiou 
of hydrogen telluride; this, in turn, is acted upon by the oxygen of the ak 
with the liberation of tellurium which forms a blade deposit on the surface 
of the telluride. The compotmd is rapidly decomposed by water or by 
dilute hydrochloric add with the evolution of hydrogen and hydrogen 
telluride. 

Aluminum Telluride, —When a mixture of powdered aluminum and 
powdered tellurium in the proportion called for by the formula AltTeg 
was placed in the flask and the reaction was started by heating the llaric 
to dull redness, the union of the two elements proceeded with ahnoat 
explosive violence. The product was of a brownish color and was de¬ 
composed by moist air more rapidly than was magnesium telluride. When 
water or dilute hydrochloric acid was brought into contact wtth the 
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alummiim telluride, there resulted vigorous reaction which was accom¬ 
panied by the evolution of a large amount of heat and tlie production of 
hydrogen and hydrogen telluride. 

Of these five metallic tellurides, aluminum telluride gave the highest 
yield of hydrogen telluride. Calculating the yield on the basis of the 
tellurium obtained as hydrogen telluride compared to the amount of 
tellurium employed in the preparation of the metallic telluride, the yield 
from the aluminum telluride was 10%, a value slightly higher than that 
obtained for magnesium telluride. In no case did the yield from the latter 
substance approximate what would be expected from a statement by 
Berthelot and Pabre^ to the effect that pure magnesium telluride yields, 
on decomposition, a gas that is entirely absorbed by potassium hydroxide 
4« Preparation of Hydrogen Telluride from Aluminum Telluride. 

The preparation of hydrogen telluride from somewhat larger amounts 
of aluminum telluride was next taken up. The small flask used in the 
preliminary experiments was replaced by a Kjeldahl flask of Jena glass 
of 250 cc. capacity. This was placed upright in a clamp, a current ot 
nitrogen was passed into the fla.sk to displace the air, and the bottom ot 
the flask was heated to dull redness by means of a Bunsen flame The 
mixture of powdered aluminum and tellurium was then dropped into 
the flask in small amounts at a time, the successive additions to the mix¬ 
ture being made only after the union of the elements in the preceding 
portion was complete. After a few grams of the telluride had formed, 
the mass became sufficiently hot to cause subsequent portions of the mix¬ 
ture to react without the application of external heat. When the flask 
became filled with the product it was carefully stoppered to prevent the 
entrance of moisture. The operation was then repeated in other flasks 
until about two kilograms of the aluminum telluride had been prepared 
The violence of the reaction between aluminum and tellurium, and con¬ 
sequently the amount of the mixture that can be dropped into the flask 
at a time, depend upon the physical condition of the tellurium, and this 
varies with the manner of its preparation. 

The tellurium and aluminum were first used in the proportion of 3Te . 2 Al, 
but later it was found that a better yield of hydrogen telluride is ob¬ 
tained when a proportionately larger amount of aluminum is used in the 
preparation of the aluminum telluride. Consequently in the later ex- 
pei^ents an excess of about 30% of aluminum above the amount called 
forjn the ratio aTe : 2AI was employed. 

The reaction between aluminum and tellurium is so \’ioIent as to cause 
the expulsion of fine particles of the telluride from the mouth of the flask 
into the air. These particles readily decompose and form some hydrogen 
telluride. It is therefore important that the apparatus be placed in 
» Ann. chtm. phys., [6] 14,, 103 (1888). 
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a hood with strong draft to protect the operator from the of 

inhalation of hydrogen telluride.^ 

Hydrogen tellnride was next prepared by decomposiiig 
tellnride with dilute hydrochloric add. The decomposition large 
amounts of aluminum telluride by the addition of water or dihiteti hydro* 
chloric acid to the entire mass gives a very unsatisfactory yield hydro¬ 
gen telluride, for the reason that it is difRcult to prevent a xeiluri rise 
in temperature because of the appredable heat of reaction betwiiSsiAiu- 
mmum telluride and water. The apparatus that was finally deiiaed to 
overcome this difficulty is shown in Fig. i. With its use it is pqNMid^le to 



rapidly bring about the interaction of successive small amounts of alu¬ 
minum telluride and dilute hydrochloric acid in a small, cooled chai|{ber 
without allowing air to enter the apparatus, or hydrogen telluride to es¬ 
cape into the room. 

The aluminum telluride is placed in the flask C\ It is brought into con¬ 
tact wnth dilute hydrochloric acid in the chamber D, and there decomposed.* 
The slime that is formed in the reaction is drawn off into the flask B. 
The decomposing liquid, dilute hydrochloric acid, is contained in the tl^ibe 
B and is driven over into the apparatus by the mercur>’ in tlie level-|^b 
A, The pear-shaped container C is joined with a hopper, P, by means of 
a piece of rubber tubing of large diameter and of a length of about 
The decomposition chamber D is closed at the top by a rubber stoi^per^ 

^ The inhalation of a small amount of hydrogen telluride causes an inflaintiuitkiii 
of the throat and nasal passages, and when a larger amount of the gas is inhal||||d it 
causes the sensation of an acute inflammation of the lungs. 
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thiDlllii which are inserted the lower end of the hopper P, the exit tube 
Tt iM another tube which joins D to E, The lower opening of D may be 
clOM^ by a rubber stopper, 5 , which is fastened to the glass rod R. When 
5 is 1 ^ the position shown in the figure, it closes the lower end of D and sup- 
pofts the aluminum telluride during the decomposition. By drawing 
the glass rod downward through the rubber stopper in the lower end of 
£), D is brought into communication with £, and any material that has 
coBlfected in D ma\' be washed down into E. The chamber I) is surrounded 
by a water jacket with inlet and outlet tul>es MX. The tube P serves 
as to inlet for the decomposing liquid from //, and connection between 
L and B is made with a short piece of rubber tubing. 

The gases that are evolved in the reaction pass through.a chain of ap¬ 
paratus that comprises. a test tube, F, that contains w'ater free from dis¬ 
solved oxygen, which absorbs any liydrogen chloride that may be t'arried 
over from D\ a V-tuhe, G, that contains calcium chloride and a I'-tube, /f. 
tliat contains phosphorus pentoxide, these two tubes serving to dr\ the 
gas mixture; a tube,/, in which the hydrogen telluride is condensed, and 
a IT-tube, y, that contains calcium chloride which serves to prevent the 
entrance of moisture into the exit tulx? of I. There is also connected 
the outlet tube of J a wash bottle that contains either nitric acid or a 
concentrated solution of potassium hydroxide, and which thusser\eb t«. 
prevent the escape of any hydrogen telluride into the room. 

The evolution of hydrogen telluride with the aid of the apparatus was 
carried on as follows: From 3<x) to 500 g. of aluminum telluride were placed 
in the flask (V, and the air in the entire apparatus was displaced by passing 
nitrogen gas in at T, allowing the gas to escape first through the end of 
the tail stopewk /\, then through the lower opening of £, and finally out 
of the exit tube of J. The tube H was filled with dilute hydrochloric acid 
that had previously l>een toiled to free it from air. B was then con¬ 
nected to L and the air in B was driven out through the side arm of the 
tail stopcock K, The rod R w^as then pushed up until the stopfier > closed 
the lower opening of I), 

A few grams of aluminum telluride were now introduced into/through the 
side arm of P by raising the container (The dilute hydrochloric acid in 
D was then slowly run into C through the stopcock /V, the liquid in R 
being kept under a pressure somewhat above that of the atmosphere by 
raising the level-bulb A which is filled with mercury. Gas was rapidly 
evolved in D and passed from it through the chain of apparatus. After 
the decomposition of this portion of aluminum telluride was complete, 
the rod R was lowered, and the contents of D, consisting of aluminum 
hydroxide, aluminum chloride and tellurium, w’as washed dowm into E 
by means of more of the acid from B. The stopper 5 was then again 
pushed up into place and the operation w^as repeated until all of the alu- 
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minum telluride in C had been decomposed. Throughout these sp^al 
operations the reaction chamber D was surrounded by a cold, circii||tiiig 
s^t solution to lessen, so far as possible, the decomposition of hydimen 
telluride by the heat produced in the reaction. Pieces of alumintii|i^^tel- 
luride stuck at times in the inlet tube below P and the glass rod plmiger 
W served to displace these and push them down into the decompoilition 
chamber. There was a slow evolution of gas, chiefly hydrogen, from the 
material that had been washed down into £, and the ga^ pressure ijhat 
was thus caused was relieved, from time to time, by opening the stopcock 
U when the lower opening of D was closed by the plug S. The exit tube 
T was of rather large diameter to prevent its being clogged by the tellurium 
and aluminum hydroxide that are carried over by the foaming erf the 
material during the reaction. 

The hydrogen telluride that was formed in this manner was condensed 
in the tube I which was immersed in liquid air during the decomposition 
of the aluminum telluride. 

The yield of hydrogen telluride from the decomposition of from 300 
to 500 g. oi|«^miinum telluride in this apparatus was found to vary from 
2 to 5%, i^c 5 }i much lower than the yield that was obtained with small 
portions of the material. Moreover, it w^as found that the gas evolved 
from aluminum telluride did not consist entirely of liydrogen and hy- 
dro^l&i telluride. In some of the early experiments white fumes were seen 
to issue from the exit tube of the decomposition flask (see Part 5). It 
seemed possible that these fumes might be due to the formation of siUcon 
dioxide from the decomposition of silicon hydride in the gas mixture. 
To ascertain whether this supposition was correct, about one-fifth of the * 
hydrogen telluride from one of the runs was distilled off, and passed into 
a dilute solution of potassium hydroxide, which would react wiflfi any 
silicon hydride that might be present to form potassium silicate. The ' 
potassium tQtturide that was formed in the absorbing liquid was decomposed 
by blowiniiAir through the solution w^hich was then filtered, acidified 
with hydrrailoric acid, and refiltered to remove the small amount of 
telluritun that ceparated. The filtrate was then evaporated to (hyncss. 
The residue wasfeated with water to remove potassium chloride, and tiie 
silica was collected on an ashless filter, and was dried, ignited, and weighed. 
A blank determination was also made by acidifying a solution containing 
the same amount of potassium hydroxide as was used above, and evaporat¬ 
ing to dryness. The results were as follows: 


• 


Experiment. 

Blank. 


Weight crucible + silica. 


12.0837 


Weight crucible. 

. 12.0997 

12.0712 


Weight silica. 

. 0.0300 

0.0125 


Weight silica from SiH^ « 0.0300 — 0.0125 *• 0.0175 gram. 
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It is apparent, tlierefore, that when the gas is prepared in the manner 
here described an appreciable amount of silicon hydride is present in the 
hydrogen telluridc. This, probably, is due to the presence of aluminum 
silicide, the silicon either being present in the aluminum, or being ex¬ 
tracted from the glass of the decomposition flask when the telluride is 
prepared. In the determinations that were made after the presence of 
silicon hydride in the evolved gas had been detected, the hydrogen tel¬ 
luride was freed, so far as possible, from silicon hydride by passing a current 
of nitrogen over the liquefied gases at a temperature slightly below the 
boiling point of hydrogen telluride. 

5. Fractional Distillation of Hydrogen Telluride Prepared from 
Aluminum Telluride. 

The hydrogen telluride that had been collected in /, Fig. i, was de¬ 
composed b\ passing it through small flasks of the form shown in Fig 2, 
these flasks being made from Jena glass tubing of a 
diameter approximately 1.8 cm. The inlet tube is 
also of Jena glass, and is ground into the neck of 
the flask. The flasks were heated in small electric 
resistance furnaces to 500°. At this temperature 
the decomposition of hydrogen telluride into tellu¬ 
rium and hydrogen seems to take place most readily,* 
and the resulting tellurium melts and flows together 
in a globule in Avhich form it may conveniently be 
weighed. 

The decomposition of the hydrogen telluridc was 
carried out in the following manner: The stop¬ 
cocks y and Z of the tube / were closed and the 
tube was disconnected from the chain of apparatus. 

One end of f was then joined directly to the inlet 
tube of one of the decomposition flasks by means 
of a small piece of rubber tubing, the ends of the 
glass tubes being brought into contact within the 
rubber. A current of dry nitrogen was then passed 
into the other end of 1 and through the upper tube A, the stopcock of 
which was open. While the air in the flask was being displaced by the 
nitrogen, the electric furnace was brought up into position around the 
flask, and the flask heated to 500® When all air had been removed 
from the apparatus, the stopcocks Y and Z were opened. A" was closed, 
and nitrogen was slowly passed over the frozen hydrogen telluride^ and 
through the flask. 

The Dewar tube containing the liquid air was then lowered to such 
a distance as to cause the hydrogen telluride in I to melt and slowly vapor- 
^ Ditte, Annales Scieittifiques de VAcole Normak, (2] I, 293 (1872;. 
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ize* After tellurium suSident in amount for one fraction had been eol* 
lected in the flask, the stopcock Z was dosed and the liquid air under 
1 was raised at such speed that the increase of pressure due to the inflow¬ 
ing nitrogen was counterbalanced by the decrease of pressure caused by 
the cooling of the apparatus. When the bulb of the flask had been en¬ 
tirely immersed in liquid air and the pressure on the inside of the flask 
had begun to rise, the stopcock Y was dosed, the stopcock A' opened, 
and nitrogen was again allowed to pass through the flask. Any hydrogen 
telluride still remaining in the connecting tubes was thus quickly driven 
over into the flask and decomposed, whereupon the furnace was removed 
and the flask containing the globule of tellurium was allowed to cool 
to room temperature. While this was taking place, the current of nitro¬ 
gen was maintained at a speed sufficient to prevent air from being drawn 
back into the flask as the latter cooled. When the flask had reached 
room temperature it was replaced by a second flask, and the operation 
was repeated until all of the hydrogen telluride that had been collected 
in I had been decomposed. It was possible in this manner to decompose 
successive portions of hydrogen telluride, and to collect the globules of 
metallic tellurium without allowing air at any time to come in contact 
either with the gas or with the tellurium while the latter was hot enough 
to cause it to unite with the oxygen of the air. 

6. The Atomic Weight of Tellurium Prepared from Aluminum Telluride. 

The atomic weight of the tellurium comprising the several fractions 
that were made in the manner just described was determined by dissolving 
the globule of tellurium in nitric acid, evaporating the solution to dryness 
and heating the residue until all nitric acid had been driven off and any 
basic nitrate present had been decomposed. The atomic weight of the 
sample was then calculated from the ratio of tellurium to tellurium di¬ 
oxide. 

All of the operations—^the solution of the tellurium, evaporation and 
subsequent heating of the residue—were performed in a 
single flask. Fig. 3, without the removal of the material. 
The flask was blown from Jena combustion tubing and tlie 
float A was also made of Jena glass. The relative sizes of 
the float and the opening of the constriction in the flask are 
shown in the figure. Two protuberances were blown out 
just above the constriction to allow space for the float when 
that occupied a horizontal position. 

The flask and the float were first carefully cleaned, dried 
and weighed. A globule of tellurium was then placed in 
the flask, the piece being of such size that it would drop 
through the constriction. The apparatus was weighed once 
Fig. 3. more to obtain the weight of the ttllmium. Nitric acid 
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of 1.25 specific gravity was then poured into the flask until the lower bulb 
was half filled, and by gently shaking the flask, the float A was brought 
into a vertical position in the constriction and about 3 cm. of distilled 
water were then poured into the flask. 1'he reaction between the tellur¬ 
ium and the nitric acid is in the beginning so slow as to allow ample time 
to adjust the float and add the distilled water before any spattering occurs. 
All of the nitric oxide that is evolved must bubble tlirough the water in 
the upper compartment, and this .serves effectually to prevent mechanical 
loss of tellurium dioxide during solution. When the tellurium had com¬ 
pletely dissolved, the flask and its contents were cooled, whereupon the 
water flowed into the lower compartment. The float was then brought 
into horizontal positi^ni by gently shaking the flask, and the contents 
of the apparatus were evaporated to dryness in one of the electric furnaces 
previously mentioned. The float was then again brought into vertical 
position to prevent mechanical loss of tellurium dioxide during the next 
operation, and the temperature of the furnace was raised to 650° at a rate 
of about 100° per hour. At this higher temperature any basic tellurium 
nitrate is decomposed into the dioxide and the tellurium dioxide is fused. 
For convenience in regulating the temperatures during these operations 
the electric furnaces were first calibrated, amperes being plotted against 
temperatures. 

At the end of the heating, the flask was cooled, and was then weighed, 
the increase in weight being equal to the weight of the oxygen that had 
combined with the tellurium. All weighings wxTe made by the method 
of vibrations with calibrated weights, and the flasks were allow'ed to stand 
in the balance case for several hours before weighing. 

Several runs were made with the apparatus described under Part 4. 
The resulting hydrogen telluride was fractionally decomposed, and the 
atomic weight of the tellurium in each of the several fractions was de¬ 
termined. Forty-five determinations, representing the total number of 
fractions from the decomposition of the hydrogen telluride obtained in 
eleven runs, were made. Of these determinations thirty-one gave values 
between 127.3 and 127.8, tlie average being 127.6. Sixteen of the de¬ 
terminations gave values between 127.5 ^27.7 with an average of 127.61 

for the atomic weight of tellurium. It is clear, therefore, that the method 
does not give closely agreeing results. This lack of accuracy appears 
to be due, first, to the large size of the flask and the consequent variation 
in the amounts of moisture that w^ould condense on its surface and affect 
the weighings, and, second, to the unsatisfactory character of the ratio 
Te : TeOo for the determination of the atomic weight of tellurium. The 
difference between the weight of the tellurium that was used and of the 
tellurium dioxide that was formed from it is relatively so small as to necessi¬ 
tate the employment of large samples if accurate results are to be ob- 
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tained. In the detmninations that were here made, the globules of td- 
Itirium ranged from 0,4 to 0.8 g, in weight. With a sample weighing 
0.6 g., an error of one-tenth of a milligram in its weight would cause an 
error of eight-hundredths of a unit in the atomic weight of tellurium. 
Globules of greater size could not be used without increasing the size of 
the flask, and this, for the reasons given above, would not have enhanced 
the accuracy of the determinations. It seems evident, therefore, that 
this method for the determination of the atomic weight of tellurium does 
not, under the conditions above described, yield accurate results. The 
yield of hydrogen telluride from aluminum telluride was, moreover, so 
small as to necesvsitate the development of a more satisfactory method for 
the preparation of hydrogen telluride if the fractional distillation of the 
gas were to be carried out on a scale sufficiently large to yield conclusive 
results. 

7 . Preparation of Hydrogen Telluride by Electrolysis. 

Emyei^ discovered that hydrogen telluride is formed when dilute sulfuric 
acid is electrolyzed with a tellurium cathode. This method was examined 
to ascertain whether it might not be utilized in the preparation of large 
quantities of the pure gas. It seemed advisable, however, to use an 
electrolyte other than sulfuric acid because of the possibility of the forma¬ 
tion of volatile compounds of sulfur, the analogue of tellurium. 

Preliminary experiments with an apparatus similar to that of Hofmann 
for the electrolysis of hydrochloric acid showed that hydrogen telluride 
that is free from volatile compounds of phosphorus is formed when the 
electrolysis is carried on with a tellurium cathode, a platinum anode, 
and a 50% solution of orthophosphoric acid as the electrolyte. It was 
also ascertained that the best yield resulted when the temperature of the 
electrolyte was kept at o®. At higher temperatures some of the hydrogen 
telluride would be decomposed; a lower temperature than o® would be 
of no advantage because the hydrogen telluride would be liquefied, and 
would remain in the apparatus until the temperature was allowed to rise 
above o®. The run at o® gave the following efficiencies: 

a«i '- 9 ^ _ 8,% 

in which H represents the weight of the tellurium in the hydrogen tel¬ 
luride that was formed; T, the theoretical cathode loss, figured from the 
amperage and the duration of the run; and L, the actual cathode loss, 
ascertained from the weight of the cathode before and after the run. 
The weight of hydrogen telluride that was formed was determined by 
passing the gas into a solution of cadmiiun chloride, and weighing the 
resulting cadmium telluride. The preliminary experiments also show 
‘ Z. anorg. Chem., *5, 313 (1900) 
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that for the continuous production of h5»^drogen telluride over a period 
of several hours, the following factors are of importance: 

(а) Minimum distance between the electrodes. The resistance of the 
electrolyte, and consequently the heating effect of the current, is lessened 
by decreasing the distance between the electrodes. 

(б) Minimum space above the electrolyte in the cathode compartments. 
Small free space above the electrolyte shortens the time between the 
evolution of the gas and its condensation, and thus decreases the loss 
of hydrogen telluride by spontaneous decomposition. 

It further is advantageous to lessen the diffusion of oxygen from the 
anode into the cathode compartment so far as possible, and to employ 
low emrent density because that favors high reduction efficiency. 


With these points in mind, the cell for the production of hydrogen tel¬ 
luride was constructed as shown in Fig. 4. 



Fig. 4- 


Description of Apparatus ,—Two views, one from the front and one from 
the side, of the apparatus in which the electrolysis was carried on, are 
shown in the figure. The two cathode tubes C and T' were about 2 cm. 
in diameter, and were joined together at the top. They had a common 
outlet O through whidi the hydrogen telluride passed on into the tube E. 
They were furthermore joined together near the bottom by the tube 
D which was 2.5 cm. long. The anode tube A was connected to P by a 
short tube, R, The tellurium cathodes c and c' weighed about 50 g. each 
and were about 1.3 cm, in diameter. They were prepared by fusing tel¬ 
lurium in hard glass tubes that were sealed at one end, inserting a plat¬ 
inum rod in the molten tellurium and holding it in place until the metal 
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solidified. The glass tube was then carefully broken off with a hammer. 
These tellurium cathodes were held in upright position by forcing the 
ends of the platinum rods into holes drilled in brass rods, the rods being 
inserted in one-hole rubber stoppers. In the drawing, the brass rods are 
represented by the heavy black lines. Those portions of the platinum 
rods between the tellurium and the brass were encased in glass tubes which 
were slipped over the platinum rods before the latter were inserted into 
the brass holders. These protecting glass tubes were pushed into the 
opening in the rubber stoppers for a short disstance. The cathodes were 
adjusted at such height as to bring their lower ends just above the opening 
into the anode tube, so as to keep the distance from anode to cathode as 
small as possible. The stoppers supporting the cathodes reached nearly 
to the lower side of the tube D. This served to prevent the pocketing 
above each stopper of some of the electrolyte which might be frozen on 
the application of external refrigerant and thus damage the apparatus. 

At the proper height on one of the cathode tubes (r in the figure) was 
attached a side arm, T, through which a thermometer was inserted, the bulb 
of the thermometer being brought nearly in contact with the electrode. 
This arrangement permitted of acciuate control of the temperature within 
the cell, and it was preferable to the insertion of the thermometer from 
directly above the electrode through the upper end of one of the cathode 
tubes; first, because the space above the electrolyte in the cathode tube 
could thus be made smaller than if the tube were large enough to accommo¬ 
date the thermometer bulb and the electrode side by side,^ and, second, it 
avoided the decomposing action upon the hydrogen telluride of the stopper 
that must have* been used to hold the thermometer in place. If the 
thermometer had been placed entirely within the apparatus it would have 
been impossible to read it because the hydrogen telluride was found to 
decompose and to deposit a mirror-like layer of tellurium on the inner 
walls of the tube. The zero point on the toluene thermometer that was 
used was near the upper end of the thermometer, and was consequently 
above the rubber stopper that held the thermometer in place. 

The anode P consisted of a small roll of sheet platinum, and was sus¬ 
pended by a platinum wire in the anode tube at such height that its lower 
end was but slightly above the opening in the side arm. The glass tip, 
shown in the figure just at the left of R, served as the inlet of a current of 
hydrogen, which was caused to bubble up through the liquid in the anode 
tube during electrolysis to prevent, so far as possible, solution of the oxygen 
that is evolved in the electrol5rte. The side arm S, which could be 
dosed with a small cork, served to draw off the electrol3rte when the ap¬ 
paratus was deaned, or when the dectrolyte was to be renewed. 

^ The measurement of temperature would not have been accurate if the thenucim** 
eter had been placed above the deolrode. 
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The side arm, attached to the upper part of the anode tube Ay carried 
a two-way stopcock and the bulb B. By turning the stopcock into suit¬ 
able position, the electrolyte could be introduced into the apparatus from 
By and by tmrning the stopcock through 180®, hydrogen could be passed 
through it into the apparatus to free the latter from air. A side arm, V, 
attached to the cathode tube (served as an inlet for hydrogen when that 
gas was passed through the chain of apparatus, after a run, to drive the 
hydrogen telluride over into the condensing tube. 

Manipulation of Apparatus .—^With the apparatus set up as shown in 
Fig. 4, with the exception that the atiode was not yet inserted, the prepara¬ 
tion of hydrogen telluride was carried on as follows: 

A current of hydrogen was admitted tlnough the side arm of the stop¬ 
cock below B and was passed through the chain of apparatus until the air 
was completely displaced. While this was being done a cork was inserted 
in the top of the anode tube A to prevent the escape of hydrogen in that 
direction. When all air had been removed, the stopcock below B was 
turned, and the 50% solution of orthophosphoric acid, that had been boiled 
to free it from dissolved oxygen, was run in until the liquid stood about 
I cm. above the top of the tellurium cathodes. The cork in the upper 
end of the anode tube was then removed and the platinum anode was 
placed in position. The anode and the two cathodes were then connected 
to the source of current. There was then brought up around the apparatus 
a large Dewar tulie that was filled with a mixture of solid carbon dioxide 
and alcohol. When the temperature in the apparatus had fallen to o® 
a direct current at 110 volts was turned on. The temperature in the cell 
was kept near o® by the addition, from time to time, of solid carbon di¬ 
oxide. It was found that, with no external resistance in the circuit, a cur¬ 
rent of about five amperes flowed through the cell, and this was found 
to be too high to permit of thorough cooling by the refrigerant. The 
current was consequently cut down to about four amperes and maintained 
at that value. Under these conditions the temperature of the cell could 
easily be maintained at 0° by the addition of suitable amounts of carbon 
dioxide. A current of hydrogen was bubbled through the anode liquid 
throughout the electrolysis. 

The gases from the cathode, hydrogen and hydrogen telluride, rose 
in the cathode tubes C and C' and passed over into the U-tube E which 
served to catch any phosphoric acid or tellurium that might be carried 
over by the foaming of the electrolyte. The further arm of the tube E 
was filled with calcium chloride, which served to free the gases from some 
of the moisture that they contained. An opening in the lower bulb of jE, 
which was kept closed during the run by a stopper, made it possible to 
draw off from the U-tube, between the runs, any liquid material that had 
collected in the tube. The U-tube F was charged with phosphorus pent- 
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oxide, which served to complete the drying of the gases. The hydrogen 
telluride was ccmdensed in the receptacle C. The esdt tube beyond the 
stopcock Z was connected to two U-tubes that are not shown in the figure, 
one of these tubes containing calcium chloride to prevent the back diffusion 
of moisture into G, and the second tube containing nitric acid, which would 
decompose any hydrogen telluride that might pass over from G, and thus 
prevent the escape of that gas into the room. The condensation of the 
hydrogen telluride in G was effected by bringing up around G a Dewar 
bulb containing liquid air. 

The apparatus was run continuously for three to six hours at a 
time. At the end of each run hydrogen was passed in at T until the 
hydrogen telluride had been completely driven over into (j and there 
condensed. The stopcocks on F and G were then closed and the cell 
and the U-tube E were detached, cleaned, and then reconnected to the 
apparatus for the next run. The manipulation above described was then 
repeated; but Y and Z were not opened at the beginning of a run until 
the air in the apparatus had been driven out through the tube A" and the 
electrolysis had been started. 

The hydrogen telluride produced during each electrolysis was con¬ 
densed in G until there had collected in all about 40 g. of the substance. 
The duration of the electrolysis was 35 hours; the average current was 
four amperes. The efficiencies of the entire run were as follows. 

100 H ^ 100 L oor . 100 H ^ 

= 12%, = 28%, and - = 43% 

That this run gave a lower yield than the 82% that was obtained in 
one of the preliminary experiments is probably due to the difficulty in 
keeping the electrolyte free from oxygen. The ratio of actual to theoretical 
cathode loss is nearly the same in both cases. 

The production of so large an amount of hydrogen telluride as 40 g., 
by means of successive electrolyses, rendered it necessary to keep the com- 
pouhd constantly frozen in G during several days and nights. It was 
found that, by inserting some wool in the mouth of the Dewar flask, which 
had a capacity of three liters, a temperature of —110® C. was obtained 
in the neck of the flask, and this was sufficiently low to effect the condensa¬ 
tion and retention of the hydrogen telluride. The Dewar flask itself 
stood in a felt holder, and two liters of liquid air were found sufficient 
to maintain the hydrogen telluride in 6* in a frozen condition for two days, 
or even longer. Hydrogen telluride always condensed in the upper por¬ 
tion of the inlet arm of G during a run and thus clogged the tube. When 
this occurred the Dewar flask was lowered, whereupon the solid hydrogen 
telluride melted and flowed downward into the cylindrical container at 
the bottom of the tube.^ 

^ It may be proper to add that the preparation of hydrogen tdluride by the method 
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8 . Fractional Distillation and Decomposition of Hydrogen Telluride. 

The hydrogen telluride that had been prepared and condensed in the 
tube G, in the manner above described, was tlien subjected to fractional 
distillation with the aid of the apparatus shown in the right-hand por¬ 
tion of Fig. 4. This consisted of a tube, H, similar in form to G, which 
was provided with a thermometer for the determination of the melting 
and boiling points of the gas; and of a condenser, /, for the fractional dis¬ 
tillation of the liquid hydrogen telluride. A Friedrichs spiral condenser 
was adapted to the purpose in hand by attaching a two-way stopcock 
to the exit tul>e, and fitting the condenser with a jacket to permit of ex¬ 
ternal cooling. The thermometer was held in place without the aid of 
a rubber stopper, by suspending it by means of a platinum wire from a 
thread of glass, /\', fused across a glass tube and connecting this enclosing 
tube to the upper end of H by a ground glass joint, L. A stopcock, iV, 
attached to the upper end of the tube, served for the admission of hydrogen. 

The tube M, connecting the inlet and outlet tubes of //, served as a 
safety devicx^ in distilling the hydrogen telluride from G into //, in case 
the inlet tube of H became clogged b}- the frozen gas. Before beginning 
the distillation of the hydrogen telluride the stopcocks A', Y and Z were 
closed, the apparatus to the left of V was detached and the exit tube 
beyond Z was fused to the inlet tube of H, After this had been done, 
a current of hydrogen was passed through X until the air in H and 1 had 
been driven out. In the meantime, a current of brine, cooled to —5 
by a mixture of calcium chloride and ice, was passed through the inner and 
outer condensers of /, and the two branches of the exit stopcock at the 
top of I were connected with Kjeldahl flasks that contained redistilled 
nitric acid of 1.25 specific gravity. This was prepared by diluting re¬ 
distilled nitric acid with redistilled water. The exit tube of each flask 
was joined to anotlier Kjeldahl flask containing nitric acid, which served 
to retain any hydrogen telluride that might pass through the acid in the 
first flask. 

Stopcock Z was now opened, A' was closed and the hydrogen telluride 
was distilled over into H, by lowering the Dewar bulb from around G and 
immersing H in a mixture of solid carbon dioxide and alcohol. After 
the distillation was finished, determinations were made in H of the melting 
and boiling points of hydrogen telluride. The results of these determina¬ 
tions are given on a later page. The refrigerant around 1 / was then re¬ 
moved and the liquid was allowed to vaporize slowly. The gas that es¬ 
caped condensation in I passed over through one of the exit tubes of the 
stopcock into nitric acid, and was there oxidized to tellurium dioxide. 

here described was completed in January, 1911, some time before the appearance of the 
article by Hempel and Weber [Z. anorg. CAem., 77, 48 (1912)], in which a modification 
of Emyei*s procedure was described. 



902 t. U. BENNIS AKX> R. P. AKDBRSON. ^ 

Wlien sufficient of this substance had collected in the first flask, the stop¬ 
cock was turned through I8o^ and the gas was passed into the fiask at¬ 
tached to the other arm, the first fladc being in the meantime replaced by 
a third flask. This process was continued until the entire quantity of 
hydrogen telluride had been fractionally distilled and decomposed. The 
solutions of tellurium dioxide and nitric acid that were thus obtained were 
evaporated to dryneSvS in the Kjeldahl flasks and the residues, which con¬ 
sisted of tellurium dioxide and basic tellurium nitrate, were transferred 
to porcelain crucibles and were fused therein to effect the complete re¬ 
moval of nitric acid. , 

9* Determination of the Atomic Weight of Tellurium. 

Lenher^ determined the atomic weight of tellurium by decomppsing 
weighed amounts of the double salt KsTeBrs by means of chlorine and 
hydrogen chloride, and weighing the potassium chloride that was formed. 
The apparent simplicity of this method and the close agreement of the 
results that were obtained by Lenher through its use led the authors to 
attempt to employ it. It was found, however, to be impossible completely 
to free the potassium tellurium bromide from water without causing de¬ 
composition of the salt. Lenher states that he removed the last traces 
of moisture and hydrogen bromide from the compound by letting it stand 
over soda lime for eight months. Attempts were made to dehydrate the 
double salt and remove the hydrogen bromide by placing potassium tel¬ 
lurium bromide, that had been carefully recrystallized and centrifuged 
after each crystallization, in a vacuum desiccator over phosphorus pent- 
oxide and fused potassium hydroxide. In some experiments the salt was 
allowed to stand at the temperature of the room, and in others it was raised 
to different temperatiues (from 8o° to 150®) by means of an electric 
hot-plate'’ within the desiccator, but in no case was it found possible 
to completely dry the salt without decomposing it to some extent. 

Inasmuch as accurate comparative determinations of the atomic weight 
of tellurium in the several fractions would serve the object of the present 
research quite as well as absolute determinations of the atomic wdght of 
the element, the volumetric method suggested by Brauner* and modified 
by Gooch and Danner® was examined and was finally adopted. It was 
carried out by the authors in the following manner: Weighed amounts 
(usually about 0.5 g.) of tellurium dioxide were dissolved in an approxi¬ 
mately 10% solution of potassium hydroxide and about 25 cc. of sulfuric 
add (i : i) were added. The solution was heated to about 60®, and an 
excess of a standardized N/20 solution of potassium permanganate 
slowly added. The oxidation of the tellurium dioxide does not take place 

» This Journai., 31, 20 (1909). 

* Chem, News, 63, 136 (1891). 

’ Am. J. Sci,, X44i 301 (1892). See also Morgan, Loc, cU^ 
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very rapidly, and it is accompanied by precipitation of some manganese 
dioxide. An excess of a standardized solution of ammonium oxalate, of 
about the same strength as the potassium permanganate, was now added, 
and the solution was reheated to 6o® and was kept at that temperature 
'Until the precipitate disappeared. The titration was then completed 
with the solution of potassium permanganate. The computation of re¬ 
sults is based upon the reaction expressed by the equation 

5Te02 + 2 KMn 04 + 3 H 2 SO 4 = sTeOg + K 2 SO 4 + 2MnS()4 + 3 H 2 O. 

To ascertain whether the method would yield concordant results, 
preliminary experiments were made on fused tellurium dioxide that was 
obtained by heating purified telluric acid prepared as described in Part 2. 
Five determinations on different portions of the same material gave re¬ 
sults for the atomic weight of tellurium that agreed within o. 12 of a unit. 
The method was then employed for the determination of the atomic 
weight of the tellurium in the various fractions prepared as already de- 
scrilied, and the results that were obtained are set forth in Table I. 


Table I. 

Atomic weight. 


Fraction .--—--*-^ 

1 . 127-52 127 41 

2 . 127.49 127-4* 

3 . 127.46 127-45 

4 . . 12743 127.52 

5 . 127 36 127.46 

6 . 127.50 127.51 

7 . 127.59 127.51 

8 . 127.57 127.57 

9 . 127.76 

10 . 127.40 127 42 

11 . 127.74 

12 . 127.45 127 41 

13 . 127.38 127.43 

14 . 127.41 127.40 

15 . 127.56 127.47 

16 . 127.52 127 54 

17 . 127.44 127 47 

Average. 127.50 127.47 

. 129.35 129.05 127.69 

^. 129.85 129.08 127.62 

c. 128.24 127.81 127.48 

y . 128.06 127.52 

*. 127.72 


Fractions g and ii.—^The first two determinations on Fraction 9, and on 
Fraction ii ^so, gave low results, about 127.0 for each. The tellurium 
in each of the solutions that remained after the titrations of these fractions 
was then recovered and purified. Sulfuric acid was first removed by the 
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additton of an excess of barium cbloddei the supernatant liquid de¬ 
canted and evaporated to a volume of atxmt 150 cc., and the tellimum 
was precipitated therefrom by an excess of hydrazine chlcnide. This 
tellmium was washed until free from chlorides, dissolved in hydrochloric 
acid, to which a little nitric acid was added, and the resulting tellurium 
tetradiloride was hydrolyzed with water, complete precipitation of the 
dioxide being effected by adding ammonium hydroxide to slight alkaline 
reaction, and then acetic acid to slight acid reaction. This material 
(TeOi) was washed by decantation, dissolved in hydrochloric acid, and 
again precipitated as above. After a repetition of this process, the tel- 
liuium dioxide was finally dried and fused. Bach fraction was then again 
titrated with potassium permanganate, and the results that were obtained 
are those given in the table. 

Fraction a .—Some hydrogen telluride escaped condensation during 
the preparation of the hydrogen telluride, and it was caught in a wash- 
bottle containing nitric acid. A further amount of hydrogen telluride 
passed over into this wash bottle whenever the solidified hydrogen telluride 
was melted to dear the inlet tube of G, Fig. 4. The first determination 
of the atomic wdght of the tellurium that collected in this wash bottle 
yielded a result of 129.35, The tellurium dioxide was then dissolved in 
nitric add, the solution filtered, evaporated to dryness, and the product 
was fused. A result of 129.05 was then obtained. This material was 
then purified by the method outlined imder ‘‘Fractions 9 and ii,*' and a 
result of 127.69 was obtained. 

Fraction b .—On distilling the hydrogen telluride from tube G into 
the tube if, a small, amount escaped condensation and passed over into 
nitric add by which it was decomposed. The first titration of this material 
gave an atomic weight of 129.85. It was then hydrolyzed twice in the 
manner described under “Fractions 9 and ii,“ and the redetermination 
of the atomic weight gave 129.08. The tdlurium was next recovered 
from all of the various titrations of Fraction a and was purified by the 
process used on Fractions 9 and ii. The resulting material gave 127.62. 

Fraction c .—During the determinations of the melting and boiling 
points of the hydrogen telluride, some of the gas escaped and was de¬ 
composed by nitric add. The value that was obtained from this material 
was 128.24. Continued fusion of this material brought the result to 127.81. 
After recovery and purification (see Fractions 9 and ii), 127.48 was 
obtained as the atomic weight. 

Fraction y ,—Some tellurium remained in the apparatus after the hydro¬ 
gen telluride had been completdy decomposed. This material showed 
an atomic wdght of teUurium of i28«i3 and 127.98, an average of 128.06. 
After purification similar to that used for Fractions 9 and iz, it showed 
an atomic wdght of 127.52. 
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Fraction z .—^The tellurium which became detached from the cathode 
during the electrolysis, but which was not converted into hydrogen tel- 
luride, was removed from the electrolyte by filtration, purified by the 
Staudenmaier method and converted into tellurium dioxide. This material 
gave an atomic weight for tellurium of 127.72. 

Discussion of Results ,—If the high atomic weight of tellurium is due to 
the presence of a group analogue of still higher atomic weight, that sub¬ 
stance should form a hydrogen compound similar to hydrogen telluridc. 
The hydride of the hypothetical element might be expected, under the 
experimental conditions herein described, to cause a gradation in the atomic 
weights of the various fractions, because this substance would probably 
have a higher boiling point than that of hydrogen telluride, and would 
consequently tend to concentrate in the later fractions. The earlier 
fractions would then >deld low atomic weights and the later fractions would 
give higher results. Moreover, low atomic weights would also be obtained 
with the material from Fractions a, b and c, since these comprise the most 
volatile portion of the liquefied hydrogen telluride. Fraction y would 
presumably show a high atomic weight because hydrogen telluride would 
probably be more stable than the hydrogen compound of the hypothetical 
analogue of tellurium. 

If, however, it is assumed that the hydride of the higher analogue of 
tellurium is not formed under the conditions that pertain in the experi¬ 
ments that have here been described, there would be no gradation in the 
values for the atomic weights of the various fractions, but the results 
should be uniformly lower than the atomic weight now accepted for 
tellurium. The hypothetical analogue would be concentrated in Fraction 
s, and that material should therefore give a higher atomic weight than 
any of the other fractions. 

The results that are given in Table I do not appear to support either 
of these hypotheses. Fractions i to 17 show no gradation in values, nor 
is the atomic weight of the tellurium in those fractions lower than that 
obtained with pure tellurium dioxide from other sources. Fractions a, 
h and c did not yield low restilts, and the high values that were first ob¬ 
tained were reduced to the now accepted value by purification of the ma¬ 
terial. Fraction z showed an atomic weight that was not materially higher 
than that obtained with the other fractions, while Fraction y, which first 
showed a high atomic weight, gave a normal value after purification. The 
high results that were first obtained with Fractions a, 6, r, and y must be 
ascribed to the presence of impurities, but the amount of foreign substance 
in the several samples that were titrated was in each case so small as to 
practically preclude the possibility of its identification. It is obvious 
that, since the purification of the material in these several fractions affected 
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all of them alike, it caUDot be claimed that the high results first obtained 
support either of the hypotheses that have been suggested. 

It might be urged that the high results first yielded by Fractions a, 6, 
and c, 129.85 to 128.24, indicate that the fractional distillation of hydro¬ 
gen telluride does actually segregate in certain fractions an element of 
higher atomic weight than that of tellurium, and that the high values for 
these fractions are brought down to the now accepted atpmic weight because 
the process of purification of the fractions serves to separate this new sub¬ 
stance from the * ‘ old *' tellurium. To this it may be replied that the methods 
that were used in the purification of the fractions are not new, and that 
if they here serve to separate tellurium from an element of higher atomic 
weight, they would have done so in the hands of other investigators. 

The results that are here presented appear, tlierefore, strongly to indi¬ 
cate that the hypothetical element, dvi-tellurium, does not exist. If 
this be true, it follows either that the substance now termed tellurium is 
an element of anomalously high atomic weight, or that which we now 
term tellurium is a mixture of a “true** tellmium of normal atomic weight 
with another substance, or perhaps other substances, of slightly higher 
atomic weight, and of closely similar chemical and physical properties. 

Yet this suggestion is open to the criticism that if such were the case 
the element of higher atomic weight,must then be placed beyond iodine 
in the Periodic Table, and would thus be forced into a group of elements 
that it does not at all resemble. It is true that the Periodic Table contains 
pairs of elements, such as nickel and cobalt, praseodymium and neo¬ 
dymium, that differ but little in atomic weight, and closely resemble each 
other in their properties and in the properties of their compounds. Yet 
the elements in these pairs are adjacent to each other; they are not 
separated by elements of distinctly different characteristics. 

If the high atomic weight of tellurium is not to be explained by the 
presence either of a group analogue, dvi-tellurium, of much higher atomic 
weight, or of an element of but slightly higher atomic weight and of closely 
similar properties, the inevitable conclusion would seem to be that sug¬ 
gested by Kusnezow and by Werner, who hold that tellurium is not 
complex and that the atomic weight now assigned to tellurium, 127.5, 
although abnormal, and greater than that of iodine, is nevertheless the 
correct value. 

10. Properties of Hydrogen Telluride. 

(a) The Solvent Action of Hydrogen Telluride upon Tellurium. —^When 
solidified hydrogen telluride, that has been prepared in an atmosphere 
free from oxygen, is liquefied by allowing the temperature to rise very 
gradually to the melting point of the compound, there is obtained a liquid 
that is either colorless or of a very faint straw-yellow tint. If the tempera¬ 
ture is allowed to rise above the melting point, or if a trace of oxygen is 
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admitted to the apparatus, the liquid gradually takes on a deep red color 
and finally becomes opaque. Observations that were made during the 
distillation of hydrogen telluride (see Part 8) appear to afford an expla¬ 
nation of these changes in color. At the beginning of the distillation the 
hydrogen tellmide in G (Fig. 4) was of a pale yellow color, louring the 
progress of the distillation this color gradually increased in depth, and 
when the distillation was about half completed, the hydrogen telluride 
in the tube appeared as a dark red, transparent liquid. At this point, 
clogging of the inlet tube of II by solid hydrogep telluride necessitated 
the stopping of the distillation, which was done by immersing G in liquid 
air. The entrance of outside air into the apparatus during this operation 
was prevented in the manner described in Part 5. The inlet tube of If 
was then cleared by lowering the refrigerating mixture, alcohol and car¬ 
bon dioxide, in which the tube w^as immersed, and allowing the tube to 
rise in temperature until the solid hydrogen telluride had melted. When 
the distillation was resumed, it was noticed that the hydrogen telluride 
in G had become black and opaque, and after the completion of the 
distillation, a thin layer of black, finely divided tellurium was found 
upon the inner walls of the lower part of the condensing tube G. When 
the hydrogen telluride that had been condensed in 11 was first melted, it 
possessed a very pale yellow^ color that was about the same as that of the 
liquefied hydrogen telluride in G at the beginning of the distillation. 

Freshly distilled hydrogen telluride is much lighter in color than the 
liquefied gas that has stood for some time. When liquefied hydrogen 
telluride is brought under conditions that favor its decomposition, the 
depth of its color increases. When liquefied hydrogen telluride of pro¬ 
nounced color is frozen, free tellurium is deposited. These observa¬ 
tions w^ould seem to indicate that the color of liquefied hydrogen tel¬ 
luride is due to the solution in the liquid of tellurium that has resulted 
from the decomposition of the compound. When the conditions are 
such as would tend to prevent the breaking dowm of hy drogen telluride, 
the liquefied gas is almost free from color. It is, therefore, probable 
that pure liquefied hydrogen telluride is colorless. 

(h) Melting Point and Boiling Point of Hydrogen Telluride ,—The 
melting point and the boiling point of hydrogen telluride have been 
determined by earlier investigators, but since the redeterniination of these 
values could easily be made in connection with the distillation of the 
compound, it seemed desirable.to repeat the measurements. In many 
determinations of the melting point of hydrogen telluride, it was found 
that, although the compound uniformly began to melt at —57®, the tem¬ 
perature did not remain constant throughout the melting of the entire mass, 
but gradually rose. Liquefied hydrogen telluride was found to begin 
to boil at o®, but the temperature soon rose to +0.5® where it remained 
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for some time, and then gradually rose toward the end of the distillation. 
If hydrogen telluride is allowed to diffuse into the tube K that surrounds 
the thermometer, tellurium will be deposited upon the thermometer 
and the inner wall of K, and will render it impossible to read the ther¬ 
mometer. This is prevented by passing a current of hydrogen in at N. 
These determinations were made with a toluene thermometer, and ab¬ 
solute accuracy is not claimed for them. The gradual changes of tem¬ 
perature during the melting and the boiling of the hydrogen telluride 
are possibly due to the fact that there was no means of stirring the liquid. 

Emyei^ gives —54° as the melting point of hydrogen telluride and 
states that the boiling point of tlie compound lies above o®. A melting 
point of —^48® and a boiling point of o® are given by de Forcrand and Fonzes- 
Diacon,* but they do not state how the measurements were made. 

(c) The Action of Light upon Hydrogen Telluride ,—Dc Forcrand and 
Fonzes-Diacon'"* state tliat the decomposition of hydrogen telluride is 
accelerated by the action of light. The same statement appears in an 
article by Hempel and Weber.^ In the hope that the gas might prove 
stable at ordinary temperatures in the absence of light, and thus permit 
of the determination of its density in light-tight containers, an examination 
of the extent to which the decomposition of the gas is retarded by the ex¬ 
clusion of light was made. 

A small amount of hydrogen telluride was prepared by the electrolytic 
method already described. The gas was dried and condensed in the usual 
manner, and was then distilled through a series of bulbs that were sealed 
to the outlet tube of the condensation tube. The row of bulbs was placed 
in an inclined position to facilitate the displacement of the hydrogen 
in the bulbs by the heavier hydrogen telluride. The bulbs, filled in this 
manner with pure, dry hydrogen telluride, were sealed off with a very 
small blast flame applied to the constrictions in the tubes that connected 
the bulbs. The preparation of the gas and the sealing of the samples 
were carried on in faint red light. Two of the bulbs were placed in diffused 
daylight, and two were kept in the dark. All of the four bulbs were 
examined in red light at the end of half an hour and again at the end of 
ten hours. It was observed that at the end of half an hour tliere had 
occurred in all four of the bulbs an amount of decomposition of hydrogen 
telluride sufficient to give a visible deposit of tellurium upon the walls 

of the bulbs. At the end of ten hours the walls of all the bulbs were 

« 

covered almost completely with a mirror-like deposit of tellurium. So 
far as the eye could judge, the deposit of tellurium in the bulbs that had 

^ Z , unorg . Ckem ,, aSi 313 (1900). 

2 Annates chim > phys ., [7] 36, 238 

* Loc cit . 

* Z. anorg , Chem ., 77, 48 (1912). 
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been kept iri the dark was quite as heavy as in those that had been ex- 
{iosed to the light. 

Summary. 

1. Magnesium tellnridc and aluminum telluride were prepared, and 
the production of hydrogen telluride from aluminum telluride was studied. 

2. Hydrogen telluride that was prepared from aluminum telluride was 
fractionally distilled, and the atomic weight of the tellurium in the frac¬ 
tions was determined by use of the ratio Te : TeOa. 

3. A new form of apparatus for the electrolytic preparation of hydrogen 
telluride was devised, and about forty grams of the gas were prepared. 

4. Hydrogen telluride prepared by electrolysis was fractionally distilled, 
the fractions were decomposed by passing tlie gas into nitric acid, and the 
atomic weight of the tellurium in the several fractions was determined 
by titration of tellurium dioxide with potassium permanganate. 

5. Solidified hydrogen telluride is a white crystalline substance that 
melts to a liquid of a very pale yellow color. Tellurium dissolves in lique¬ 
fied hydrogen telluride, and the color of the liquefied gas seems to be due 
to the presence of this dissolved tellurium. 

6. Determination of the melting point of hydrogen telluride gave 
a result of 57 the boiling point was found to be 0°. 

7. Hydrogen telluride in sealed tubes slowl}’ dissociates. This de¬ 
composition of the gas is not materially retarded by the exclusion of 
light. 

8. The results of the investigation indicate that the hypothetical ele¬ 
ment, dvi-tellurium, does not exist. 

Cornell Univursity. 

Ithaca, N V, 

SOME ERRORS IN THE DETERMINATION OF THE RARE 
EARTHS AS HYDROXIDES. 

By T, O. Smith and C Jamus 
Received March 16. 1914 

The writers have observed that, when the rare earths are precipitated 
as the hydroxides and ignited to oxides, the results are liigher than 
when they are precipitated as oxalates and ignited. Moreover, the former 
method gives results which are not concordant with varying amounts 
of the precipitant. Since tliis method has been often recommended for 
quantitative determinations it seemed desirable that a careful investiga¬ 
tion should be carried out. 

As a basis for determining the source of error it was Uiought advisable 
to compare the following precipitants: oxalic acid, ammonium oxalate, 
sodium hydroxide and ammonium hydroxide. If the cause of error 
were due to the formation of a basic salt, lanthanitm being the most 
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poweiit4 laase of tbe naure earths, would teud to give a maxintum* it 
seemed preferable to use lanthanum chloride rather than lanthanum 
nitrate, since lanthanum hydroxide upon ignition would hold chlorine 
more readily than nitric acid. 

A solution of pure lanthanum chloride was prepared by igniting a very 
pure lanthanum oxalate, dissolving the resulting oxide in a minimum 
amount of dilute hydrochloric acid, evaporating to dryness and taking 
up in water. The solution was made faintly acid, by a few drops of 
hydrochloric acid, to convert any traces of basic chloride back to the 
normal salt. 

Oxalic Acid ,—Varying amounts of the lanthanum cliloride solution 
were measured out and precipitated in the cold by the addition of a slight 
excess of oxalic acid. The volumes in each case were kept constant so 
as to remove any doubt as to solubility. The precipitated solutions 
were allgwed to stand over night. The oxalate was filtered off, washed 
with cold water, dried and ignited. 

The results follow: 


No Cc LaCli Wt. of oxide. Oxide per cc 

1 . 25 0.0866 o 003464 

2 . 25 0.0864 0.003456 

3 . 50 o 1729 0.003458 

4 . 50 o 1732 0.003464 

5 . 50 o 1729 o 003458 

6 . 75 0.2594 o 003459 

7 . 75 0.2596 0.003461 

Average_,. o. 003460 


Ammonium Oxalate ,—In order to avoid the formation of free hydro¬ 
chloric acid and consequent possible solubility of the oxalate during pre¬ 
cipitation, ammonium oxalate was employed as reagent. The opera¬ 
tions were identical with the above, except for the substitution of ammonium 
oxalate for oxalic acid. 

The results follow : 


No. Cc. Wt. of oxide. Oxide per cc. 

1 .V. 50 0.1725 0.003450 

2 . 50 0.1726 0.003452 

3 . ^5 0.0864 0.003456 

4 . 25 0.0865 0.003460 

5 . 50 0.1729 0.003438 

6 . 50 0.1730 0.003460 

7 . 30 0.1728 0.003456 

8 . 75 0.2594 0,003459 

9 . 75 0.2592 0.003456 


Average (omitting i and a) 


0.003458 
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Sodium Hydroxide ,—^Varying amounts of the lanthanum chloride 
soltftion were taken, diluted, precipitated at the boiling point, filtered, 
washed with hot water, dried and ignited. 

The following figures were obtained: 


No. Cc LaClj Wt of oxide. Oxide per cc. 

1 . 25 0.0878 0.003512 

2 . 50 O.1751 0.003502 

3 . 75 0.2619 0.003492 


Average. 0.003502 


The variation of these results with each other suggested precipitation 
with different amounts of the reagent. Three 50 cc. portions were taken, 
diluted and precipitated at the boiling point with a measured slight excess 
of sodium hydroxide solution. Three other 50 cc. portions were taken, 
diluted, heated to boiling and precipitated with double the amount of 
sodium hydroxide. 

The data follow: 


No Cc CaCla Wt of oxide Oxide per cc. 

1 . 50 0.1751 0 003502 

2 . . 50 O 1753 o (X)35 o6 

3 . 50 0.1755 0.003510 

Average. o. 003 506 

4 . 50 o 1772 o <x)3544 

5 50 0 1771 0.003542 

6 . 50 0.1768 0.003536 


Average . . ... 0.003541 


Ammonium Hydroxide ,—Varying amounts of the lanthanum chloride 
solution were taken, heated to boiling, precipitated with a slight excess 
of ammonium hydroxide, filtered, washed with hot water, dried, and 
ignited. 

The results follow.: 


No. Cl' I 41 CI, Wt of oxidr. Oxide per cc. 

*. 25 0.0870 0,003480 

2. 25 0.0871 0.003484 

.. 50 0.1740 0.003480 

4 . 50 0.2612 0.003484 

5 . 75 0.2612 0.003483 

6 . 75 0.2616 0.003488 


Average. 0.003483 


When the results of the various precipitants are compared the following 
facts are brought out: Ammonium oxalate gives figures similar to oxalic 
acid with the exception that when an excess of ammonium oxalate is used 
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the fhiedpitate carries with it some ammonttim oxalate. Upon wattling 
the precipitate with water the complex, anunonium lanthanum oxa|ate, 
appears to undergo hydrolysis. When this takes place some lanthanum, 
oxalate is produced in such a fine state of division that it passes through 
the filter paper. The first two results among the ammonium oxalate 
determinations illustrate this fact. It was observed that these filtrates 
were somewhat opalescent. 

The amounts of oxide are high when sodium hydroxide is used. This 
is evidently not due to the formation of a basic salt since when a large 
amount of sodium hydroxide is used still higher results are obtained. 
The above facts indicate the canynng down of sodium. In order to prove 
the presence of sodium in the oxide it was dissolved in hydrochloric acid 
and the solution tested for sodium by means of the flame coloration and 
the spectroscope. Both gave very decided tests for sodium. 

Ammonium hydroxide was substituted for sodium hydroxide because 
of its volatile nature. But in this case also high results were obtained 
although not as high as when^^odium hydroxide was used. A qualitative 
analysis of the lanthanum hydroxide revealed traces of chloride which 
would indicate the formation of a certain amount of basic chloride. It 
is highly probable that ammonium hydroxide would give quantitative 
results if the lanthanum were present as the nitrate because upon ignition 
the basic nitrate, if formed, would be readily broken down to oxide. 

Durham, Nsw Hampshire 


THE PREPARATION AND PROPERTIES OF SODIUM ZINC 

CYANIDE. 

By N.tbanisi. Hsar 
Rmived Uveb 16, 1914. 

Previous Work .—In This Jousnal,* W. J. Sharwood gave a summary 
of previous work, and the results of his own experiments on the prapara. 
tion of sodium zinc cyanide. Both his results, and those of Rammels- 
berg, quoted by him, indicate the existence of a compound, NaZnCy*.- 
2‘/tHsO, which is very difficult to crystallize, while the mother liquor 
has the composition Na«ZnCy4, agreeing with the compound existing in 
dilute solutions, and also with the corresponding potassium compound. 
None of these preparations analyzed, however, gave satisfactory mcdecular 
ratios either for the salt, or for the water of crystallization, the crystals 
being highly efflorescent. 

One of the greatest difficulties in this preparation was due to impurities 
in the sodium cyanide tiien available. The material then on the market 
contained appreciable quantities of potassium C3ranide and of carbonates, 

‘ Vd. >5, 570-596 (1903), "A Study of the Double Cyanides of Zinc with Potas* 
Siutn and with Sodium.’' , 
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causing the crystallization of the double potassium salt or of sodium car> 
bonate. The compound crystallized in the most successful trials may 
have been influenced by the presence of free alkali in the solution. Re¬ 
cently it was suggested by Mr. Sharwood that it might be possible to 
prepare a purer solution with the high-grade commercial sodium cyanide 
now on the market, and thus find out whether the double cyanide splits 
up on crystallizing into NaZnCys + NaCN, or whether at some point 
Na*ZnCy4 can be crystallized. The commercial sodium cyanide now 
sold as equivalent to “128 130% KCN** contains about 97% NaCN, 
with some carbonate and moisture, and only traces of potassium and sulfide. 

Preliminary Experiments.-The principal points to consider in this 
preparation are as follows: The starting point is zinc cyanide, ZnCy^, 
which should be free from potassium (left in it by the precipitant used) 
and from carbonate; it should be as free from basic cyanide as possible. 
It hydrolyzes very easily on washing. The zinc cyanide is dissolved 
in sodium cyanide solution, which must also be free from potassium and 
carbonates. By using an excess of zinc cyanide, the solution can be 
saturated with zinc, without attacking much of the hydroxide of the basic 
cyanide, which would otherwise dissolve with the formation of sodium 
zincate. The excess of zinc cyanide also reacts with any free alkali 
present, forming double cyanide and zinc hydroxide. 

The first attempt was made with quantities such as to give about 
25 grams of anhydrous Na2ZnCy4. The zinc cyanide was first prepared 
by dissolving zinc chloride in boiled water, acidified with a little hydro¬ 
chloric acid. The free acid insured the presence of hydrocyanic acid 
in the solution after precipitation, lessening the tendency toward hydrolysis 
on washing. The precipitant was a solution of sodium cyanide, which 
had been treated with a slight excess of lime and filtered to remove car¬ 
bonates. The solution was stirred vigorously while precipitating, and 
filtered with the aid of suction. The precipitate was then washed, start¬ 
ing with warm and finishing with cold, recently boiled distilled water. 
The zinc cyanide was tlien digested with a solution of sodium cyanide, 
also treated with lime to remove carbonates. Then the solution was 
filtered, evaporated to a sirupy condition, and placed in a vacuum desic¬ 
cator over concentrated sulfuric acid. After a few^days a white layer 
was seen on the surface of the solution, which may possibly have been 
the compound NaZnCy* as described by previous investigators. It 
was not fiuther examined, however, as upon attempting to remove tliis 
film for investigation, it was fotmd that below the surface there was a 
good crop of diamond-shaped crystals that were invisible when in the 
solution on account of having the same index of refraction as the strong 
solution, ^rhese crystals were removed, drained, dried on filter paper, 
and analyzedi with the following results: 
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^HiO. CNt Zn. Na(bydifif). 


Percent. 20.ao 39-44 24.60 15.76 

Molecular ratio. 2.95 4.03 1.00 1.82 


These results indicate a compound, NajZnCy4.3H20, agreeing in 'eonmo- 
sition with the solution. As the material was not suflRcient for further 
investigation, a second preparation was made. 

At this point an experiment was tried to determine whether any inter¬ 
ference might be expected-from the small amount of calcium left in the 
solution from the treatment with lime for removing carbonates. It was 
found that the double cyanide formed by digesting lime with a large ex¬ 
cess of zinc cyanide was so soluble as to be almost impossible to crystal¬ 
lize, so this possible interference need not be considered. 

Final Preparation .—^The method used was similar to that outlined 
above, but the quantities used were three times as great. Two crops 
of crystals were obtained, but they were not recrystallized, as the quantity 
was too small for a salt of such high solubility, and the solution was suffi¬ 
ciently pure to insure very little contamination. Water of crystallization 
was determined by drying to constant weight at 105®. Cyanogen was 
determined by titration with N/20 silver nitrate solution, using potassium 
iodide as indicator, in the presence of sufficient ammonia to counteract 
the effect of the zinc. The solution was standardized under similar 
conditions by a solution of cyanide of known strength, to which an equiva¬ 
lent amount of zinc was added. Zinc was determined by titration with 
standard potassium ferrocyanide in acid solution, using uranium nitrate 
as an outside indicator. Sodium was determined in the last analysis by 
weighing the sulfates of sodium and zinc together, and subtracting the 
zinc sulfate as determined by the zinc titration. In other cases, sodium 
was taken by difference. All titrations were made on aliquot parts of 
the same solution, and water of crystallization was determined on a differ¬ 
ent sample, as it was not considered safe to dissolve the residue from the 
water determination and use it for analysis, although no appreciable de¬ 
composition was noted. The greatest difficulty was experienced because 
of the rapid efflorescence of the crystals, making it almost impossible to 
weigh out two portions with the same water content. 

Tabls of ANAI.YSaS. 

The figures in parentheses indicate the number of closely agreeing determinations 
averaged. Molecular ratiot. 

H.O. Zn. CN. Na. Na. go. CNv WiO. 

(3) ( 2 ) (2) 

First crop of cr3rstals. i9-95 23.81 37.24 19.00 2.20 1.003.85^2.96 

First crop. Selected material, (i) (2) (3) 

Partly^oresced.*— 19-60 24.05 38.15 18.00 2.06 1.00 3.88^2,91 

(I) (a) (3) (0 *' 

Second crop (Total » 99-5%} -20.02 23.93 38.67 16.88 x.98 t.oo 4.0k 3.07 
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Solubility .—^Thc specific gravity of a saturated solution at 15® was 
found to be 1.37. A portion of this solution was weighed and zinc de¬ 
termined. Calculated to NatZnCy4» the results are as follows: One 
part of the anhydrous salt is soluble in 0.83 part of water at 15^, and one 
part of the hydrated salt, Na2ZnCy4.3H20, is soluble in 0.47 part of water. 

Crystalline Form- -A few of the best crystals were selected for measure¬ 
ment. The measurements were kindly made by Prof. W. R. Ford and 
Dr. W. M. Bradley, of the Sheffield Scientific School, Yale University. 
As the crystals effloresced to some extent in transit, some of the angles 
could not be measured with as great precision as desirable. 

The system of crystallization is orthorhombic. The angles are : 

Base (cx)i) to pyramid (ill). ... cAp 62*505' 

Pyramid (111) to pyramid (iii) . pAp 103*49' 

Pyramid (m) to brachypinacoid (on).. . pAb 64* 16 5' 

One other form, the brachydome (010) also occurs. 

The axial ratio is n • 6 : r — 0.56 : i .<jo : o 95 

The simplest crystal consists of a prominent unit pyramid (iii) and 
base (001) (Fig. i). In the larger crystals modifications appear, consisting 
of the brachypinacoid (on) and the brachydome (010) shown in Fig. 2. 





Fig. I. 



The pseudo-hexagonal plan is characteristic of the larger crystals, as is 
the diamond shape of the smaller ones. The largest crystals obtained 
were about 5 mm. long. 

Conclusions .—Prom pure solutions of sodium zinc cyanide, free from 
less soluble salts and from excessive amounts of free alkali, the compound 
that crystallizes is Na«ZnCy4.3HsO. 

The hydrated salt is soluble in less than half its own weight of water. 
The crystals are orthorhombic, simple in form, either flat diamonds or 
pseudo-hexagonal plates. They are brilliant when removed from the 
solution, but effloresce rapidly, becoming dull and chalky. The dry salt 
is quite stable in air, being completely soluble in water after several days’ 
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e]qx>sure. Even after complete deliydtatioa at 105% there was very little 
evidence of'deconxpositioa. When working with pure solutions, no evidence 
was found to indicate the separation of the compoimd NaZnCyt-sViHiO 
as obtained by previous investigators. 

Lbad, South Dahota, 
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COMPARISON OF THE SILVER AND THE IODINE COULOM- 
ETERS< AND THE DETERMINATION OF THE 
VALUE OF THE FARADAY. 

By ^Stuart J. Bates and George W. Vxnal 
Received March 16, 1914 

Introduction. 

Of the many electrochemical reactions which may theoretically be 
employed to determine the Faraday, i. e.y the quantity of electricit}" as¬ 
sociated with a chemical eqtdvalent in any electrochemical change, that 
of the deposition of silver from a solution of silver nitrate is the onl}’’ one 
that has been extensively investigated. The values which have been 
accepted for the Faraday from time to time, have almost entirely been 
based upon results with the silver coulometer. This naturally resulted 
from the fact that the international ampere is defined in terms of the silver 
deposited under more or less rigorously fixed conditions and, hence, this 
instrument has been the subject of many thorough investigations, both 
by the National Standardizing Laboratories and by private individuals. 
As a result of these investigations it has been possible, for the past few 
years so to define the conditions to be used in connection with the silver 
coulometer that a reproducibility of i or 2 parts in 100,000 may be ob¬ 
tained. Until recently no other coulometer had attained anything ap¬ 
proaching such a degree of precision. 

A little over a year ago, however, Washburn and Bates* published the 
results of a study of an iodine coulometer which they had devised and 
which was found to have a reproducibility of the same order as that of 
the silver coulometer. The apparently complete reversibility and purity 
of the electrochemical reaction in the iodine coulometer, coupled with the 
fact that no solid deposit is obtained, made it a particularly valuable 
^ Published by permission of the Director of the Bureau of Standards. 

* Although the word voltameter is still in quite extensive use, and on account of 
the decision of the London Conference is employed in the Bulletins of the Bureau of 
Standards, the name coulometer is employed throughout this^ p^per. This word ap¬ 
pears more appropriate because It is coulombs which the instrument directly measuffe, 
and because of the possibility of eonfuskm hetwten the #6rds voUtdmeter and VOltmetisr. 
’ This Journal, a4* (xoia). 
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r«actioa to employ for determimtig the Faraday, and warranted very 
exact electrical meastirements. Since the Bureau of Standards had, 
as a result of recent work on the silver coulometer, exceptional facilities 
for such measurements, arrangements were made for the comparison 
of tlie silver and the iodine coulometers at the Bureau of Standards during 
the summer of 1913. 

L Description of the Electrical Circuit. 

The methods of determining the strength of the currents and the ar¬ 
rangement of the circuit were in principle the same as those previously 
employed at the Bureau of Standards in the investigation on the silver 
coulometer.^ Certain modifications were necessary, however, owing to 
the high resistance of the iodine coulometers and the smaller currents 
to be employed. An electromotive force of 240 volts was used to pass 
a current of one-fourtli of an ampere through the circuit containing the 
coulometers and the ballast resistance of about 400 ohms. This neces¬ 
sitated particularly high insulation, owing to the damp weather which is 
prevalent in Washington in summer. Fortunately this was obtainable 
by mounting the galvanometers and all apparatus on paraffin and using 
paraffin insulators to support all wires pertaining to the circuit. The 
circuit is shown diagrammatically in Fig. i. The current was measured 



by means of a Wolff potentiometer (P), and also by directly balancing 
the electromotive force of a Weston standard cell (No. 109), maintained 
at 28® in oil, against the fall in potential across two 2-ohm resistance 
standards (R) through a second galvanometer, similarly to the method 
previously described.^ To eliminate the errors of the potentiometer, 
however, the dials were set to the voltage of tlie cell as nearly as possible 
and balanced with the standard cell on the same terminals to which the 

^ Rosa and Vinal, Bull, Bur, Standards, 9, 152 (1912). 

* Ibid,, 9, 179. 
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electromotive force of the standard resistance was applied. To facilitate 
this, a double pole, double throw switch (52), with all joints soldered and 
embedded in paraffin, was used. (Q) is a series resistance for quidc 
adjustment of the current, (A) is an ammeter, (C) the compensating 
resistance, usually about 590 ohms, and (K) is a Kelvin rheostat for fine 
regulation. In the case of those runs in which the standard cell and re¬ 
sistance were used to measure the current, the time was accurately de¬ 
termined by means of the arrangement previously employed.‘ The quick, 
double pole, double throw switch (Si), which serves to throw on or off the 
circqii through the coulometers, simultaneously closes another circuit 
which operates one of the pens of tlie chronograph. 

As a test of the circuit, a comparison of the two methods of measuring 
the current was made when the humidity was 75%; they agreed to within 
two parts in a million. All of the experiments were made under lower 
humidity conditions; when necessary, refrigerating coils were used to 
reduce the humidity of the room. 

As the potassium iodide solution in the iodine coulometers has a high 
temperature coefficient of conductivity, and was subject to considerable 
heating by reason of its high resistance, some trouble was anticipated in 
maintaining the current at constant value, but this was avoided by im¬ 
mersing the iodine coulometers to a little above the V-tube in large water 
baths. At the beginning of an experiment the drift in current, due to 
heating in the coulometers, was rapid for about five minutes. After this 
time it decreased and finally became surprisingly steady during the greater 
part of the experiment. 

Some of the experiments were at V4 ampere for four hours. In all 
of these, except the first two, the current was maintained constant during 
the experiment. In the other experiments a current of V20 ampere was 
used for 20 hours but the current was not measured against the standard 
cell and resistance. For tlie purpose of computing the value of the Faraday 
it is not necessary to measure the current by means of the cell and resist¬ 
ance. It was, however, deemed advisable to do so in some cases at least 
so that the silver coulometer determinations might be compared with 
previous work at tlie Bureau of Standards. For this purpOvSe the same 
standard cell and resistances as were employed in the previous investi¬ 
gation were used. Comparisons of these with the standards maintained 
at the Bureau showed only very slight changes to have taken place. 

n. The Coulometers. 

A. The Iodine Coulometers, 

1, Apparatus and Manipulation .—^The three iodine coulometers used 
were of the same type as those previously employed by Washburn and 
Bates. The apparatus, which is shown in Fig. 2, consists essentially of 
^ BuU, Bur. Standards, 9, 177. 
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two upright limbs connected by a V-tube. At the bottom of each limb 
is an electrode (M), The anode consists of a platinum iridium alloy, 
it having been found that iodine is without appreciable effect on such an 
electrode, though one of pure platinum is attacked. Since the cathode 
solutions were not to be analyzed in the present investigation, it was per¬ 
missible to use platinum electrodes for the cathode. The electrodes were 
sealed into glass tubes (A') through which rah the electrical connections 
to the outside. These tubes, as well as the capillary tubes (J) through 
which the solutions were poured arotmd the electrode, come out through 
small openings in the caps (/) at the top of the limbs. The joints between 
these tubes and the caps are made air-tight by means of short pieces of 
rubber tubing. 

In order to prevent diffusion within the coulometer, and also to prevent 
rapid changes in the resistance of the coulometers due to heating, they 
were placed in large battery jars filled with water. The coulometers are 
filled and the solutions removed for analysis in a manner similar to that 
employed in the previous investigation.^ A 10% solution of potassium 
iodide is poured through the side tube (N) into the coulometer until it 
is filled to a little above the V-tube (L). There is then poured under this 
solution and around the anode (M) 25 cc, of a concentrated solution of 
potassium iodide (i g, of salt to i g. of water), which is admitted through 
the bulb (G) and the capillary tube ( 7 ). In a similar manner, about 
10 cc. of this concentrated solution, followed by 20 cc. of a concentrated 
solution of iodine in potassium iodide solution, are placed around the 
cathode. During a run the iodine in both limbs remains well at the bottom. 
After the first weighing of one of the silver coulometers at the conclusion 
of a run the approximate amount of iodine formed, and then the approxi¬ 
mate amount of arsenious acid solution required for the titration, was 
calculated. About one drop less than this amount is weighed out into 
a liter Erlenmeyer flask, and disodium phosphate solution added to con¬ 
trol the hydrogen ion concentration. The flask is then fitted to the de¬ 
livery tube (O so that the tip of the tube is below the level of the liquid 
and the anode solution quietly pulled up the capillary tube and over into 
the flask by applying a gentle suction to the latter. The solution is then 
mixed and the titration completed in the manner described below.* 

2, Chemicals and Solutions ,—water employed for all of the solu¬ 
tions used in connection with the work of the iodine coulometer was 
obtained by redistilling the distilled water of the laboratory from alkaline 
permanganate, the first and last fractions of the distillate being discarded. 

The potassium iodide was obtained by recrystallizing J. T. Baker’s 
product until it was no longer alkaline to phenolphthalein. Because of 

* This Journai., 34,1359 (1912). 

* Page 924. 
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the damp weather prevalent during this investigation, the potassium iodide 
was kept in desiccators over calcium chloride. 

The concentrated iodine solution which was used for surrounding the 
cathode electrode was prepared by dissolving 910 g. of iodine and 585 g. 
of c. P. potassium iodide in 320 g. of water. The dilute standard iodine 
solution was prepared by diluting the concentrated solution till it was 
about 0.01 normal. Its strength was determined by titrating it against 
the dilute standard arsenious acid solution. 

The standard arsenious acid solution was prepared by dissolving 240 
g. of Kahlbaum’s arsenious acid, which had been reciy stallized fropi con- 
ductmty water in a solution containing 120 g. of J. T. Baker's c. p. sodium 
carbonate. The solution was then made up tf> approximate!}' kve liters 
and kept m a five-liter glass bottle. The bottle was fitted with a delivery 
tube containing a stopcock and with a three-way tube through which 
h}'drogen passed as the solution was withdrawn by means of the deliver}^ 
tube. This three-way tube was attached to a manometer to indicate the 
pressure of hydrogen within the bottle and to Geissler bulbs which con¬ 
tained some of the same solution that was in the bottle and through w'hich 
the hydrogen bubbled before entering the bottle. 

It had been discovered in the previous investigation that the arsenious 
acid solution slowly oxidized. Hence, before beginning this investiga¬ 
tion, the solution was practically freed from dissolved air by slowly bubbling 
h}^drogen through it. This was led in by means of the tube which after¬ 
wards sen^d as the deliver}'^ tube, and which reached to the bottom of 
the bottle. After hydrogen had been bubbling through the solution for 
24 hours, the vStream of hydrogen was attached to the Geissler bulbs, 
care being taken that no air was permitted to enter the bottle. The 
pressure of hydrogen within the bottle was then raised to and maintained 
at a pressure of 4 to 5 cm. of mercury above atmospheric pressure. 

The hydrogen which was used for this purpose was prepared from c. p. 
zinc and sulfuric acid in a Kipp generator. Tt was passed through 
a wash bottle containing alkaline permanganate and then over reduced 
copper contained in a quartz tube. This tube and the copper were kept 
red hot throughout tlie course of this investigation by means of an electric 
heating device. From the quartz tube the hydrogen was led to the bottle 
containing the standard solution by means of flexible copper tubing. 

The bottle was kept in a large vessel of about 20 liters capacity. This 
vessel was filled with water to prevent condensation of moisture on the 
upper part of the inside of the bottle as a result of temperature changes 
in the surroimdings. The whole was mounted on a turn-table in such 
a manner that the delivery tube might be swung directl}" over the mouth 
of a flask resting on the pan of a large Ruprecht balance. 

The dilute arsenious acid solution was prepared by diluting about 10 g. 
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of the standard sdluticm to xoo times its weight. This solution was not 
protected from the air and since it slowly oxidized^ a fresh k>l was prepared 
every week or ten days. It was compared with the dilute iodine solution 
every 3 or 4 days. In this way it was possible to determine the strength 
of the solutions, so that no error greater than 5 parts in a million was 
introduced because of a change in their concentration. 

j. Methods of Standardization and Analysis ,—For the careful standard¬ 
ization of the arsenious acid solution, it was necessary to prepare a quantity 
of pure iodine. For this purpose, potassium permanganate was added 
to a dilute sulfuric acid solution containing an excess of potassium iodide 
and the precipitated iodine, after having been washed by decantation 
till the wash-water was practically neutral, was dried in the centrifuge. 
It was then distilled from a retort and caught in a molten condition in a 
flask.^ The iodine was broken up in a dry mortar and kept in a desiccator 
over sulfuric acid, being sublimed as needed. The wsublimation apparatus 
(Fig. 3) consisted of a tube of Jena gerateglas about 100 cm. long and 3 
cm. diameter. Into one end of it fitted a ground glass stopper through which 
a current of air could be passed. This air was bubbled through a solution 
of alkaline permanganate, through two wash bottles containing sulfuric 
acid and then passed through a tube containing phosphorus pentoxide 
which had been recently sublimed into it. At tlie end nearest to the sub¬ 
liming apparatus this tube was closed b}^ means of a stopcock, which was 
joined with Khotinski cement to the glass stopper of the subliming tube. 
During the course of the experiments very little moisture reached the 
phosphorus pentoxide and that only at the end farthest from the subliming 
apparatus. 



The iodine in a porcelain boat is placed inside the sublimation apparatus 
just ahead of the glass stopper ( 5 ). Movable heating coils of manganin wire 
serve to sublime the iodine from this position down the length of the tube. 
The rate of sublimation could be conveniently controlled by regulating 
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the temperature of the heating coils and the current of air passing tlirough 
the tube. In passing from one end to the other of the sublimation apparatus 
the iodine was sublimed at least three times. It was then transferred, 
without exposure to the atmosphere of the room, into a previously weighed 
quartz weighing bottle, (B), by means of a rake, (R), which was operated 
through a narrow tube some 40 cm. in length sealed onto the subliming tube. 

The iodine was weighed in the constant temperature room on the 
Oertling balance which has been previously described.' When empty 
the weighing bottles were always left on the balance pan at least four hours 
before a weighing was attempted; when they contained iodine tlie> were 
left over night. The weighings were made by substitution, an empty 
weighing bottle serving as part of the counterpoise. The set of weights 
employed had been compared with the standard weights of the Bureau. 
It is believed that the weight of iodine was known to 0.02 0.03 milligram. 

For the first week or two of the present investigation, the iodine coulom- 
eters did not check well and tlie arsenious acid solution could not be 
accurately standardized. It was found that the trouble lay in the method 
of weighing the solution. Up to June 26th the method was that employed 
in the previous investigation at the University of Illinois. Liter Rrlen- 
meyer flasks were balanced on the two pans of a large Ruprecht balance, 
the desired amount of solution run into the flask on the left-hand pan, 
a rubber stopper wdiich had been weighed with the flask inserted into 
its mouth and the weight of the added solution determined. The previous 
work had been done during the spring of the year in a basement room 
w^hich was not heated artificially. The room was quite cool and the varia¬ 
tion in the amount of evaporation of the solution during the time re¬ 
quired to draw off the solution and stopper the flask was not sufficient 
to introduce an error .greater than 0.002%. The temperature of the room 
in which the weighings for the present investigation were made was between 
29° and 31 This caused an uncertainty in the weighing which depended 
upon the length of time it took to transfer the proper amount of solution 
to the flask and to stopper it. This time was somewhat variable, since 
toward the end of the addition of the solution to the flask it had to be added 
slowly, in order to get the weight within o.i g. of that required for the ti 
tration, before the final weighing to a few tenths of a milligram was at¬ 
tempted. 

This uncertainty in the weight of the standard solution was greatly 
reduced by the following modification in the method of weighing. About 
25 cc, of water were added to both of the flasks on the balance pan, they 
were then balanced and it was determined whether or not the rate of evapo¬ 
ration of water from both of them was tlie same. The mouth of the counter¬ 
poise flask was somewhat larger than that of the flasks in which the sohi- 
^ Bull. Bur. Standards, 9, 174 (1912;. 
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tion was weighed, so it lost weight more rapidly. However, by adjusting 
the size of the opening by means of a small piece of paper the rate of 
evaporation from the two flasks could be practically equalized. 

The required amount of solution was then added, both flasks left un- 
stoppered and the weight determined as soon as possible. The rate 
of evaporation was again investigated, and if it were not the same as 
it was before the solution was added, an allowance was made for this. 
The uncertainty in the weight of solution taken was seldom over 0.5 
milligram but is prdbably the greatest source of error connected with 
the iodine coulometers iU this investigation. With practice this error 
was reduced .since towards the end of this investigation both the coulom¬ 
eters and the standardizations checked to i or 2 parts in 100,000. 

After the arsenious acid solution was weighed out, the required amount 
of disodium phosphate solution was added to the flask. In the case of 
the standardizations some 30 g. of potassium iodide were also added, and 
then the quartz weighing bottle was introduced into the flask and opened 
below the level of the liquid to prevent any loss of iodine vapor. When 
the iodine had completely dissolved, water was added till the volume of 
the solution was 250 to 275 cc. The dilute arsenious acid solution was 
then run from a buret into the flask, till the iodine color all but disap¬ 
peared and the solution was set aside for 3 to 5 minutes for equilibrium 
conditions to be attained. For the completion of the titration the flask 
containing the solution and another containing the same volume of water 
we|:e set side by side on a large sheet of unglazed white paper before a 
north window. The arsenious acid solution was then added drop by 
drop till the color*of iodine just disappeared. It was possible by proceed¬ 
ing in this way and by comparing the appearances of the liquids in the 
two flasks to detect the effect of a single drop of the arsenious acid solution 
upon the iodine color. After determining the end point about i cc. of 
the dilute iodine solution was run in and the end point again determined. 
In this way three or more observations were always obtained for each 
end point; with practice and with favorable illumination it was possible 
to decrease the uncertainty in the end point to 0.02-0.03 cc. of the tiilute 
arsenious acid solution. This corresponds to an uncertainty in the ti¬ 
tration of 5 or 6 parts per million. 

4, Strength of the Standard Arsenious Acid Solution —^The data obtained 
for the standardization of the arsenious acid solution are given in Table I. 
This table is divided into two parts, corresponding to the two methods 
of weighing the solution. The first column gives the date of the standard¬ 
ization, the second the number of g. of iodine (corrected to vacuo by add¬ 
ing 0.0099% of the apparent weight) taken. In the third is found the 
number of g. of arsenious acid solution used in the titration; the fourth 
gives the g. of iodine corresponding to one g. of the standard solution; 
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tlfis valne win hexeafter be referred to as the factor. The value for the' 
factor, as calculated in the manner described below, is given in the next 
cohnnn and in the sixth is found the difference in percentage between 
the value of the factor as found and as calculated. 


Table I. 

Pactor. 

Arsenious / .—" — --- IMfference. 

Iodine, acid solntion. Pound. Calc. in percentage. 

( a ) First Period. 

June 4th. 4.81605 44,5100 0.108201 0.108193 -f 0.008 

June 7th. 5.11905 47*3058 212 190 -1-0.020 

June nth. 4.97658 46.0003 186 186 0.000 

June 14th. 2.89043 26.7085 221 183 +(0.035) 

June 16th. 5.96126 55.1136 163 180 —0016 

June 19th. 4.13730 38.2395 220 178 +(0.039) 

June2ist. 4.78222 44.2131 163 176 —0.012 

Average deviation... o on 

( b ) Second Period. 

June 30th. 5.80150 53.6502 0.1081356 0.1081352 +00004 

July 1st. 5 •73071 52.9967 334 343 —0.0008 

July 3rd. 5-39535 49 8957 326 323 + 0.0003 

July 9th. 4.50081 41 6258 254 266 —o oojj 

July loth. 5.41817 50.1110 233 256 —00021 

July 12th. 4.64987 43 0048 244 237 + o 0006 

July i6th. 5.37630 49.7256 197 199 —0.0002 

July 17th. 5.98294 55 3427 071 189 —(0.0109) 

July 19th. 5.78941 53.5518 086 170 —(0.0077) 

July 2ist. 4.93161 45.6139 163 151 + 0.0011 

July 22nd. 5.00639 46.3064 144 141 + 0.0003 

July 23rd. 5.31224 49.1342 169 132 +0.0033 

July 25th...;. 5.15089 47.6395 222 112 +(00101) 

July 28th. 4.91674 45.4787 108 083 + o 0023 

July 29th. 4.70907 43 5590 078 074 + o 0004 

July 30th. 5.77480 53.4188 042 064 —0.0020 

July 31st. 4.31213 39.8883 051 054 —00003 

Aug. ist. 5.18195 47,9361 012 045 —00030 

Aug. 2nd. 5.55903 51.4236 027 036 —00008 

^ - 

Average deviation... 0.0012 


The results show that even with the precautions taken the standard 
solution was oxidizing. In order to compare the standardizations and 
to determine the strength of the solution at any time, the values of the 
factor found in Column 4 were plotted against the corresponding days 
upon which the titrations were performed. It was found that for the 
period during whidi the second and more accurate method of weighing 
was employed, a straight line could be drawn through the points in a 
satisfactory manner. From this line the strength of the solution for 
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the eqixation o£ the line* The value for the factor F cm the ttix day alter 
Jiime 30th is given by F 0.108x352 — o,oooooog6tt and, therefore, 
changes at a rate less than 0.001% a day. The values for the factor given 
iti the fifth column of Table I were calculated by means of this equation. 

Of the standardizations obtained by the second methcxi of weighing, 
those of July 17th, 19th and 25th were not considered in placing the line, 
because they deviated widely from the other observations. That <rf 
July 17th is farthest from the calculated value, the difference being o.oi 1%. 

The Average deviation of 0.0012% is about what would be expected 
from the unoeitainties in weighing the iodine, in weighing the solution 
and in determining the end point. 

For the first period, during which the method of weighing was unsatis¬ 
factory, it is extremely difficult to draw a line, in a manner similar to that 
drawn for the second period. The slope of such a line, however, should 
be the same as that for the second period, since the change in the method 
of weighing could not have influenced the rate of oxidation of the solution. 
Having thus obtained the slope of the line, its position was chosen so that 
the positive and negative derivations were equal. The value for the factor 
for this first period was determined graphically. 

B. The Silver Coulonteter, 

X. Forms Used ,—^Two forms of silver coulometer were used in all ex¬ 
periments—Smith’s new form and the porous cup form. Both of these 
have been described in detail elsewhere.^ In the tables that follow in 
the next section, it will be seen that the results of the absolute runs made 
with these coulometers are in good agreement with the best previous work. 
As in the case of the third series of experiments published by Rosa, Vinal, 
and McDaniel, where the mean value of the Weston normal cell is given 
in terms of both forms of coulometers, so here, we have included in the 
mean both forms of coulometers in order to obtain the value of the silver 
with which to compare the mean iodine deposits. 

2, Materialsf etc .—^The details of the manipulation of the coulometers 
and the preparation of materials have all been described before. ^ The 
electrolyte was prepared from double distilled water and silver nitrate 
especially prepared and tested for acidity by iodeosine and for reducing 
agents by potassium permanganate as described by Rosa, Vinal and 
McDaniel.® The anode and cathode acidities of each voltameter were 
measured at the condusion of the experiment. The mean aridity of the 
electrolyte at the beginning of the experiment and of the cathode aridity 
at the end of the experiment were thus determined for each voltameter, 
and corrections to the deposit could be made for the acid present according 
^ BM , Bur . Standards , 9, 172 (1912}, xo, 480 (19x4). 

»/Wrf,9, 524 (1912). 
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to 130 % equation Y « 4*5X, where Y is the amount to be added to the de¬ 
posit In parts per million and X the acidity of the electrolyte in parts 
per million. This correction was determined by Rosa, Vinal and McDaniel 
and is described by them.^ In the present case the electrolyte was always 
very nearly neutral, so that the corrections are very small in all cases. 

III., Tables of Results. 

The details of each experiment made or attempted are given in Table 
II; a summary of the results is found in Table III. The experiment of 
June 6th which is designated as No. i we have omitted from Table III 
since, diuing the run, iodine from the cathode was seen to have migrated 
up this limb and over into the anode side, coloring the liquid in the con¬ 
necting V-tube quite distinctly.* Before starting the experiment it had 
been suggested that the first run would be largely of a preliminary nature. 
Aside from this run the only silver coulometer measurements omitted 
in computing the results are those enclosed in brackets. One of them 
on July 22nd deviates from the mean b}^ about four times the average 
deviation of the others and hence may be called a gross error. Two 
otheis on July 30th were found to be alkaline at the close of the experi¬ 
ment, which is sufficient reason for discarding them as was shown in pre¬ 
vious investigations.^ Owing to a miscalculation which resulted in much 
too little arsenious acid solution being weighe^d out for tw’o of the coulom- 
eters of run No. 9, but one accurate analysis of the iodine formed in this 
experiment was obtained. 

In the column of remarks the experiments designated as “ absolute 
are those in which the current was maintained constant during the entire 
time of the run and measured in terms of a standard cell and resistance. 
In the “comparative” experiments this was not done. 

In Table III are contained the summarized results and the computed 
values for the ratio of silver to iodine, the electrochemical equivalent 
of iodine and the value of the Faraday. Column i gives the number 
of the experiment corresponding to the numbers given in Table II. Col- 
uutos 2 and 3 contain the mean deposits of silver and iodine for each ex¬ 
periment. Under “calculated coulombs” we give the number of coulombs 
as calculated from the silver coulometer deposits, using the value 1.11800 
mg. per coulomb as defined by the London conference. These are, there¬ 
fore, in international units. We also give the coulombs as calculated 
from the measurement of current and time when the absolute runs were 

^ Bull. Bur. Standards, xo, 482 (19x4). 

* This movement was prevented in subsequent runs by the addition of the few 
cubic centimeters of concentrated potassium iodine solution which was run into this 
limb just before the iodine solution. With this procedure, it was never possible to 
detect any coloration due to iodine more than one-third way up the cathode limb. 

• Report of Int. Tech. Com., p. 157 (1912). 
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I n 

1 X 

2 4105.82 

3 4104.69 

4 4099 03 
* 5 ' 4397‘H 

6 4105.23 

7^ 4123.10 
8 4 *<H -75 

9* 4x84.24 

10 4100.27 

11 4105.16 


4829.59 

4828.62 
4822.24 
5172 ‘73 
4828.51 

4849.42 

4828.60 
4921.30 
4822.47 
4828.44 


Tahji III.—^OHMAitv 
Citcldiited couknkibe 

^ S T 


3672.47 

3671.45 3671.53 — 22 
3666.39 3666.55 — 44 

3933.ox . 

3671.94 3671 84 + 2t 

3687.92 . 

3671 51 3671.61 — 2? 
3742.61 

3667 50 3667.65 — 4i 
3671 88 3671.82 -h 16 


Of 


• PC 

0.850131 

0.85007* 

0.850021 

0.850054 

0.850201 

0.850224 

0.850091 

o 850230 

O 850242 

o 850204 


1.31508 
1.315*8 
1.31526 
I.31521 
1.31498 
I.31495 
1.31515 
1 31494 

I.31492 

1.31498 



> 


96.51* 

9 S» 5 <H 

96y49^ 

96,^50^ 

964518^ 

9614521 

96*506 

96,521 

96,523 

96.519 


Arithmetical mean (Nos. 4-11). 0.85016 i 31505 96,514 

Weighted mean (all observations).085017 i 31502 96»5i5 

xnade. These also are international unit coulombs since they have iMtt 
computed on the basis of the Weston normal cell taken as 1.0183 
at 20® and the international ohm. The differences between these are 
given in the next column. On the average, the coulombs calculated fisirai 
the coulometer are 1.5/100,000 smaller than from the measurements of 
current and time. This is as it should be, since the coulometer measure* 
ments at the Bureau of Standards recently have given a value for the odf 
about 2 or 3 parts in 100,000 lower than the adopted value 1.0183. ^^Phe* 
slight ambiguity that arises in the term “international coulombs*' due 
to the possibility of •measuring them in terms of the silver coulometer 
and time, or in terms of the international ohm, volt and time is fully ex¬ 
plained in Part IV of the series of papers by Rosa, Vinal and McDaniel.’ 
For the present purposes this difference is immaterial because, in computteg 
the value of the Faraday, the international atomic weight for iodine is 
involved which is expressed only to five significant figures. 

iThe system used in weighting the several experiments was purely matlie- 
matical, based upon the fact that for each result the error is due to the 
combination of experimental errors entering from the value of the factor 
for the arsenious add (zi), from the titration of the iodine deposits 
and finally from the determination of the silver (5*). The final restdl: 
Z is then a function of these three quantities, Z ~ /(ziz^zz). 

We may easily compute .the possible errors of eadi of these Actors kim 
the average deviation. If we designate them as n, r2, r$, the probaMe 
error, R, of the result of an experiment is given by 

^ Tbe current strength for these runs was 0.05 amp. For the others it was 0.25 
axnp. 

^ Bull. Bur. SkmdardSf xo, 478 (1914). 
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These calculations have been carried out and weights computed inversely 
as the square of the probable error. Some system of weighting seemed 
to be necessary since the later experiments were deemed more reliable 
than the earlier ones. The experiments numbered 2 and 3 have small 
weights owing to the difficulties in weighing out the arsenious acid at this 
time so that they may practically be disregarded. We give also the arith¬ 
metical mean of Experiments 4 to 11 for comparison with the weighted 
MMan. The two means are practically the same. 


IV. Discussion of Results. 


A, The Stiver-iodine Ratio ,—In Table III the results of this investi¬ 
gation have been presented in three ways: (i) as the ratio of silver to 
iodine, obtained by dividing the mean silver deposit by the mean iodine 
deposit; (2) as the electrochemical equivalent of iodine, obtained by divid¬ 
ing the mean iodine deposit by the coulombs as calculated from the silver 
voltameters; and (3) as the value of the Faraday, calculated from the 
electrochemical equivalent of iodine and the international atomic weight 
(1914) of iodine, 126.92. The ratio has been given chiefly because it 
possesses certain advantages for discussing the results. If the increase 
in weight of the platinum bowls used as cathodes represented only the 
weight of silver electrolytically changed from the simple Ag + ions to 
naetallic silver, and if the only reaction taking place at the anode of the 
iodine voltameter is the formation of iodine from iodide ions under the 
action of the current, then according to Faraday's law the amounts of 
silver and of iodine so formed are in the ratio of the atomic weights of the 
elements. 

Baxter,^ who has made a very careful study of the atomic weights of 
silver and of iodine, as the result of early work gave 0.849997 as the value 
of this ratio. As a result of further work he arrived at the result 0.849930,* 
and more recently from a series of very concordant experiments he found 
the value 0.849906.* That calculated from the international atomic 
weights (1914) for silver and iodine, which are largely founded on Baxter's 
results, is 0.84998. The only other investigation of recent years which 
is comparable with the results of Baxter is that of Kothner and Aeuer* 
who determined the silver iodide : sil\w chloride ratio in eight closely 
agreeing analyses. Their result, on the basis of chlorine 35.457, gives 
0.850013 as the value of the silver iodine ratio. 

It is not our purpose to discuss these atomic weight determinations. 

* PM, Carnegie InsL, 135, loi. 

* Ibid,, p. 108. 

« This Jovhnal, 3a, 1591 (1910) 

* A»n., 337,133, 362 (1904). 
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2t is evident that our lesttlti ej^vessed as a ^yer'-iodiiie ratio, is Itoiii 
0.015 to 0.030% higher than that (^culated from purdy ch em ical methods. 
It seems unlikely that farther work employing the same chemical teectkmB 
as have been Utherto used would cause this discrepan<7’ to disappear, 
although Baxter considers that further evidence upon the silver-i^ine 
ratio is dearable. 

Our consistdntly higher results are in the direction of too heavy a de- 
po^ of silver or the formation of an insufficient amount of iodine. It 
may readily be suggested that the difference may be in part accounted 
for by inclusions of liquid in the silver deposit, but the confficting results 
of previous observers do not permit us to estimate the amount. The 
last weak by Laird and Hulett* indicated that deposits from pure solution 
probably do not contain more than 0.005% inclusions. The whole question 
of indusions has been critically discussed by Rosa, Vinal and McDaniel,* 
Their opinion is that the deposits so perfectly crystalline as those formed 
from the purest silver nitrate do not contain significant inclusions. It is 
hoped that the work being carried out on this important subject in several 
lalmratoties will definitely settle the matter shortly. Until then the 
triplication of an indusion correction to the value of the Faraday calculated 
from the diver coulometer can not be made with any degree of accuracy. 

In connectian with the iodine coulometer three possible sources of error 
suggest themsdves. First, the main reaction which takes place at the 
anode resulting in the formation of iodine from iodide ions may haue 
been accompanied by another electrochemical reaction, such as the forma¬ 
tion of oigrgen, which then remained dissolved in the solution. Sec<md^ 
suffident iodine may have been formed, but a sl^ht amount of it reacted 
with the water or with the metal of the electrodes. Third, the iodine 
used to standardize the arsenious acid solution may not have been suffi¬ 
ciently pure. 

In the first place there is no certain diffe>^ce between the results ob- 
tsoned using the current strengths of 0.05 ampere and of 0.25 ampere. 
The arithmetic means differ by 0.002% while the weighted means differ 
m opposite direction by 0.003%. This shows that there is no ap- 
predabk error arising from such a reaction as the electrol3rtic formation 
of oxygen, for such a reaction would evidently be much greater with the 
higher current densities. 

Seccmdly, had'any of the iodine been lost by reacting with the platinum- 
tridhun dectrodes, this fact would have been immediately noticed, for 
it was found in the previous investigation that the presence of the slightest 
trace of platinum—^iess even than that corresponding to a loss of 0.001% 

‘ Trans. Am. Electraeiem. Sec., 22, 345 (1912). 

* Ball Bur. Standards, so, 316 (1914) 
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jodtne—so affected the color of the solution that the end point in the ti¬ 
tration was quite uncertain. 

All of the iodine solutions which were employed in this investigation 
contained in addition potassium iodide. In such solutions the iodine 
exists in a large measure as the triiodide ion, Is". Iodine may react 
with water in two ways; these may be conveniently expressed in the ionic 
forms, 

OH- + Ig- = HIO -f 2l- 

and 

60H- + 3l3~ = IO,“ + 81“ + 3H,C). 

The equilibrium constants of both of these reactions have been calculated.^ 
By decreasing the concentration of the hydroxyl ion sufl&ciently, it is 
evidently possible to prevent the reaction of, and hence the loss of, any 
appreciable amount of iodine. The concentration of the hydroxyl ion 
in the solutions which were analyzed for iodine was so regulated by means 
of the addition of disodium phosphate that the loss of iodine due to either 
or both of the above reactions was less than o.ooi%.* 

The best evidence that the combined effect of errors due to the formation 
of electrolytic oxygen and to the loss of iodine through side reactions is 
negligible was obtained in the previous investigation on the iodine coulom- 
eter. The reaction which takes place at the cathode of the coulometers, 
is the formation of iodide ions from iodine, being just the reverse of that 
occurring at the anode. Hence in order to determine the silver-iodine 
ratio, or to calculate the Faraday, it is just as feasible theoretically to 
employ the amount of iodine used up at the cathode as it is to employ 
the amount formed at the anode. In the previous investigation both of 
these amounts of iodine were determined and it was found that they agreed 
with one another within the experimental error of 0.003%. That is, 
within this limit no side reactions, resulting in the formation of too little 
iodine at the anode, occur; the reaction taking place at the electrodes is 
strictly reversible. The amount of iodine used up at the cathode was not 
determined in the present investigation because the analysis of the cathode 
solution is much more difficult experimentally than is that of the solution 
at the anode. 

Thirdly, if any of this discrepancy between the silver iodine ratios is 
to be ascribed to impurity in the iodine, this impurity would have had to 
consist of some oxidizing substance having a smaller equivalent weight 
than has iodine. The presence of an inert substance such as moisture 
would have caused a deviation in a direction opposite to that actually 
found. Special precautions were taken to eliminate from the iodine any 
oxidizing substance such as bromine. As described above the iodine was 
^ Washburn, This Jouenax,, 30, 31 (1908). 

^ Tm JotTRKAL, 34i 135s (1918). 
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predpitated by means ci potasnum pennanganate from a sobttioa coai> 
tainix^ an excess of potassium iodide. The partly dried iodine was then 
distilled from a latort and caught in a molten condition, and finally it 
was repeatedly sublimed in a current of dry air. Any one of these three 
jnocedures should have practically eliminated any trace of chlorine or 
Inomine which might have been present. The last step, the fractional 
sublimation, was carried through each time the arsenious add solution 
was standardized. The procedure was not always the same, occasionally 
but three sublimations were employed, but more often five or six. It 
is scarcely possible that under such circumstances an amount of volatile 
impurity suffident to account for an appredable part of die discrepancy 
(0.015 to 0.03%) diould have remained so constant in amount that the 
average deviations of the standardizations (see Table I) were but 0.0012% 
~-an amount easily accounted fm* by experimental error. 

Taking these various sources of error into consideration, it is probable 
that ^e amount of iodine calculated to have been found at the anode is 
within 0.005% of that corresponding to the electrochemical change of 
iodide ions to iodine. The calculations of the value of the Faraday from 
this involves the atomic wdght of iodine and the electrical measurements 
of the present investigation. It seems unlikely that the mean value for 
the Faraday (96.514 international coulombs) given in Table III is in 
error by more than 0.015%. 

The possibility of electrical leakage on the coulometer stands bemg a 
source of error was also considered, but tests easily made showed the 
insulation to be ample. 

B. The Faraday .—If the increase m weight of the platinum bowls 
of the silver coulometer be assumed to represent only the metallic silver 
fom^ from silver ions, then taking the atomic weight of silver as 107.8S 
the Faraday is equal to 107.88/0.00111800 or 96,494 international cou* 
kaobs. From the iodine voltameter we obtained frie value 96,514, the 
mean 96,504 probably represents within 0.01% the true value in inter¬ 
national units. 

Value in Absolute Umts .—For theoretical purposes it is desirable that 
the value of the Faraday should be known in absolute units. We do not, 
however, think it advisable to emphasize this value at the present timt! 
for the follow!^ reasons* (1) ^ecfrical measurements are almo st uni¬ 
versally made at the present time in terms of the international units as 
maintained by tim several national laboratories. (2) Recent absolidn 
measurements of the electrochemical equivalent of silver made in seveml 
countries differ somewhat among themselves and, therefore, it is neoes- 
saiy to state explidtl^ what is the basis of any computatkms that asm 
mi|^t make, lliis is not the case with the international units, (s) It is 
^bbable that the difference between the abscdute electrochemicid titfaivar 
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lent of stiver and the value i. 11800 adopted for the basis of the intemational 
ampere is as small as the uncertainties in the atomic weights of silver 
and iodine which are involved in the computation of the Faraday. 

A recent investigation at the Bureau has given for the electrochemical 
equivalent of silver 1.11804 mg. per absolute coulomb. Hence, the ab* 
solute coulomb is 0.004% greater than the intemational coulomb, or the 
Faraday in absolute units is less by this amount. In absolute units the 
rounded off figure 96,500 seems the best value to assign, for the present, 
to this constant. 

V. Comparison with Previous Investigations. 

A. Silver Coulometer, —The present results with the silver coulometer 
are most eaSily compared with past work by considering the values com¬ 
puted for the Weston cell at 20^ for the experiments in which the current 
was controlled. These experiments are called “absolute experiments'* 
in Table 11. In Table HI we gave the coulombs as calculated from the 
silver deposits and also from the measured current and time. We noted 
in the discussion of this table that the first method gave a lower value on 
the average than the second by 1.5/100,000 which is significant of the dif¬ 
ference between the exact value for the cell 1.01827 recently found by the 
voltameter and the figure adopted for use by the International Committee, 
2.0183 volts. It is evident, then, that the present work has given 1.01828s 
for the cell value. This is perhaps more readily seen by computing the 
cell value for each silver deposit in an absolute experiment and taking the 
mean. Having done this we find the average value from Smith's new 
form of coulometer to be 1.018289 and from the porous cup coulometer to 
be 1.018280 whence the result 1.018289 as given above. The value 1.01827 
given as the result of previous work is based on 211 deposits made with the 
greatest care by Rosa, Vinal and McDaniel.^ It thus appears that the 
present work agfrees with the past to 0.0015%. 

B. Iodine Coulometer ,—In their investigation, Washburn and Bates 
made a preliminary comparison of the silver and iodine coulometers. 
The relation between their results and ours is more readily discussed in 
terms of the silver-iodine ratio than by means of the value for the Faraday 
calculated from the iodine coulometer. This is because their value for 
the Faraday involves Smith, Mather and Lowry's absolute determina¬ 
tions, using the filter paper coulometer. The results of W. & B. give 
for the silver iodine ratio the value 0.85045, which is 0.033% higher than 
that recorded here. This difference is due to the fact that following the 
specifications of Smith, Mather and Lowry, they employed the filter 
paper form of silver coulometer. Recent investigations at the Bureau 
of Standards have shown conclusively that deposits obtained in such a 
coulometer are too heavy, because of the action of the filter paper. Hence 

« 3 M, Bur, Standards, 9, 493 (1913). 
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in order to compare the previous obtained ratio with that given here, 
it is necessary to compare the filter paper coulometer with those forms used 
in the present investigatipn. 

The silver coulometers we employed were of the porous cup and non- 
septum t3rpes. The electromotive force of the Weston normal cell at 20®, 
calculated from deposits made in such coulometers, is 1.01827^ volts. 
H the filter paper form is used the value 1.01866* is obtained, that is, 
the deposit in such a coulometer is about 0.038% heavier than that ob¬ 
tained in the types used in the present investigation. Making this per¬ 
centage correction to the silver-iodine ratio determined by Washburn 
and Bates, the value 0.85013 is obtained, which agrees within 0.005% 
with cjur final value. This agreement is probably in part a(»:idental since 
the filter paper coulometer is, in the hands of various investigators, scarcely 
capable of such reproducibility, and since in the previous investigation 
an accuracy better than 0.02% was not claimed for the final value, which 
was founded on but four cx>mparative runs. It does, however, confirm 
the belief that our results are not in error by more than 0.01%. 

VI. Summary. 

We have made a careful comparison of the silver and iodine coulometers 
using them in series, so that the deposits of silver and iodine should be 
strictly comparable. The best procedure learned from previous investi¬ 
gations has been followed in each case. Our results are as follows: 


1. Ratio of silver to iodine. . o 85017 

2. Hlectrochemical equivalent of iodine. i .31502 

3. Value of the Faraday (I « 126.92). 96,515 

4 Value of tjie Faraday (Ag =» 107.88). 96,494 

5. Value recommended for general use. 96,500 


Nos. 2, 3 and 4 are calculated on the basis of the international ampere, 
using 1.11800 mg, per coulomb as the electrochemical equivalent of silver. 

The preliminary work in connection with the above investigation was 
carried out at the University of Illinois in the fall and winter of 1912-13. 
It was the original intention to make a careful comparison of the silver 
and the iodine coulometers there, employing the Bureau of Standards 
type of silver coulometer. This would, however, have necessitated con¬ 
siderable labor in preparing materials and especially in acquiring the prac¬ 
tice and technique necessary to insure an exact reproduction of the Bu¬ 
reau’s coulometfer and methods of manipulation. Clearly the most de¬ 
sirable method of conducting the final series of comparisons was to take 
advantage of the experience in the use of the silver coulometer which had 
been gained at the Bureau of Standards. On taking the matter up with 
Dr. Rosa of the Bureau an invitation was extended and was gladly ac- 
' Bull, Bur, Standards, zo, 486 (1914). 

^Ibid,, 9, 197 (1912). 
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cepted to carry out the final series of measurements in the laboratories 
of the Bureau. The authors wish to thank Professor Washburn of the 
University of Illinois, who first planned the above investigation, for sug¬ 
gestions which have contributed in a large measure toward the success 
of the work. We also thank the Director of the Bureau and Dr. Rosa 
for assisting in making the arrangements for completing this investi¬ 
gation and for making available for this determination the excellent facili¬ 
ties of the Bureau. 

Ukbama, Iu.. 

Wasbinoton. D C 

THE ELECTROLYTIC REDUCTION OF IRON FOR PERMAN¬ 
GANATE TITRATION.’ 

By 11. C. AtXEN. 

Received September 2, ion 

The following work was undertaken to determine the possibility of 
utilizing the oxidation-reduction effect of the electric current in certain 
analytical operations where it is desired to quantitatively oxidize or 
reduce a substance before its titration with a standard solution. Numer¬ 
ous studies have been made of the proper conditions for the deposition 
of the various metals by tlie electric current and the oxidizing effect has 
been utilized in a number of cases, especially with sulfides, where, after 
oxidation, the substance is precipitated and determined gravimetrically. 
The oxidizing and reducing effect of tlie electric current has also claimed 
much attention in both the organic and inorganic fields and in many of 
these latter studies it has been common practice to follow the reactions and 
determine the quantities of substances formed by titrating with some 
suitable standard solution. However, these titrations have been made 
for the purpose of obtaining the current or energy efficiency of the pro¬ 
cesses and very little work has been done along the line of producing a 
quantitative yield of the substance, in a strict analytical .sense, regardless of 
the electrical efficienc}'^ of the process. 

The rotating electrode, when employed in oxidations or reductions, 
should make the electrolytic method, in some cases at least, a successful 
competitor of the chemical methods of producing’ the same results, since 
it is possible to reduce small quantities of iron, for example, in from five 
to fifteen minutes by means of a rotating cathode under proper conditions. 
Further, the method has many advantages over the usual chemical methods 
of reduction. Some advantages that are at once apparent are that there 
is no danger of getting an excess of the reducing agent into the solution 
which must later be removed, and no foreign material is necessarily in¬ 
troduced into the solution before the titration. 

* Presented at the Rochester meeting of the Americun Chemical Society. Sep¬ 
tember, 1913- 
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• .It should also be possible to regulate the oxidation or reduction to a 
nicety, through variations in the overvoltage, by choosing suitable anodes 
or cathodes, as is frequently the case in commercial processes when the 
current efficiency and maximum yield are the main points "to be con¬ 
sidered. 

Apparatus .—The apparatus used in the electrolytic reduction con¬ 
sisted of six rotating electrodes belted to a single countershaft which 
was driven by a small motor. Being only a slight modification of the 
machines used in a number of places it needs no special description. 

The cathodes of the various metals were made by bending a piece of 
wire sharply back upon itself at a point about 3 cm. from one end, the 
other end of the wire being left long enough to attach to the rotator. 
A rectangular metal gauze was then placed between the two wires thus 
formed and the gauze was twisted around in the form of a spiral. By 
rotating this spiral in the proper direction a maximum stirring is obtained, 
and the “vortex" effect in the liquid, which would tend to draw air into 
the solution, is largely eliminated by rotating the electrode near one 
side of the vessel rather than in the center. The wire stem used was of 
the same metal as the gauze in each case. 

The anode, when of the non-soluble type, was of platinum wire, made 
as small as possible to carry the current without interrupting A short 
piece of platinum wire was fastened to a larger copper wire and a glass 
tube slipped over this and sealed off around the platinum, leaving about 
two centimeters of the wire exposed, which served as anode while the copper 
wire was fastened to the electrode holder. When soluble anodes were 
used the metal and size are indicated in the data. 

The current was regulated by the number of lamps in series with the 
cell and in addition a sliding resistance was used for fine adjustment, 
which enabled any desired current to be obtained. 

An automatic pipet was used for measuring out the solutions and the 
constancy of the amount‘withdrawn was checked at frequent intervals 
by weighing the. quantity delivered. The extreme variations in these 
weights showed that the pipet could be relied upon to within about o. 
which was as close as the work in hand demanded. 

Government standardized burets of 50 cc. capacity were used, gradu¬ 
ated to tenths, while the quantity of permanganate used in most cases, 
where the reduction was complete, was approximately 20 cc. For the 
smaller quantities of permanganate, 10 cc. standardized burets, graduated 
to 0.05 cc., were used for greater accuracy. 

The vessel used in most of the work was a beaker without lip of about 
250 cc. capacity. During the run it was covered with a close-fitting watch 
glass to prevent loss by splashing and evolution of gases. The cover 
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glass contained three holes: one for each of the electrodes and one for a 
thermometer. 

Chemicals. —Baker’s special analyzed or c. p. chemicals were used through¬ 
out the work. 

Method of Procedure - The general method of procedure was simple 
and consisted in delivering the solution to be reduced from the pipet 
into a 250 cc. plain beaker, making it up to the given amount with dis¬ 
tilled w^ater, placing it on the electrolytic apparatus and making the run 
under the conditions noted. About 0.12 g, of iron was usually taken. 
Two or three times during the run the cox er glass and electrodes were 
washed dowm into the beaker and finally at the completion of the run they 
w^ere again washed down, after lowering the beaker. The titrations 
were usually made with o.i N potassium permanganate at the tempera¬ 
ture of the solution at the completion of the run, except at the higher 
lemf>eratures, w^hen the .solution was cooled somexvhat before the titration. 

Experimental Part. 

The surface, form and rate of rotation of the cathode, the dilution of 
the solution and the current strength were studied, but need not be con¬ 
sidered, since the results obtained are not especially significant. The 
general effect of altering any one of these variables is easy to predict, 
being due largely to the same factor: getting fresh material into the sphere 
of action. 

Cathode Material.- The subject of cathode material was not extensively 
studied since the object of the work was the practical reduction of the 
iron, and a copper gauze serves the purpose well and is easy to obtain 
in gauze form and quite pure. 

A few runs were made wdth tlie cathodes indicated below, all otlier 
conditions being kept constant. A platinum gauze cathode was first 
used and then the different metals were plated on this cathode and the 
runs repeated. 

Anode* platinum wire Add 0.6 cc. cone. H2SC)4 Solution 175 cc. Current: 
1 9 amperes. Temp.: 26®. Time: 3 minutes 


Cathode. Pt Cu Ag Zn 

KMn04 used, cc. 17 66 -o 73 21 21 21 40 


The last three metals given will reduce the iron even in the absence 
of a current, and this may account for their greater reducing power. 
The difference in potential at which the hydrogen will be liberated in the 
different cases may also be a considerable factor. 

Solution—Acidity .—The following runs were made to determine the 
rate at which the iron would be reduced under the conditions given. 

The first three series were made writh the concentrations of acid indi¬ 
cated in the data. The concentrated acid (sp. gr. 1.84) is given throughout 
the paper. 
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Acidity: 0.6 cc, HsS 04 per 17s cc. solution. Catliode: Pt gauze, 5X6 cm. 
Anode: Pt wire. Temp.: 35Current: 1.6 amperes. 


Time, minutes.. V* * 2 3 4 5 8 9 lo 

%Fcreduced. 16.i 32.6 57.4 78.2 88.7 93.8 99.4 99.6 icx>* 

Acidity: lo cc. HjS04. All other conditions same as above. 

Time, minutes. i 5 10 15 20 lo 

Temperature. 25® 25® 25® 25® 25® 87* 

% Fe reduced. 23.0 76.8 94.1 99.4 100® 100* 

Acidity: 35 cc. HjS04 per 175 cc. solution. All other conditions same as the above. 

Time, minutes. 3 10 20 6 ii 

Temperature. 28® 29® 28® 87® 81® 

Current, amperes. 1.9 i.q 1.9 4.0 1.9 

% Fe reduced. 45.3 548 63.5 99.2 loo* 


*rn each of tliese cases a trace of ferric iron was shown by thiocyanate. The 
(permanganate used indicated 100% reduction, to within the limit of experimental 
error. No blanks were subtracted from the permanganate used in titrating. 

The time for complete reduction is shown to be 10 minutes with 0.6 
cc. acid present while with 10 cc. acid at room temperature, 20 minutes 
are required. This time is cut down to 10 minutes at 87®. When as 
much as 35 cc. acid are present at room temperature the reduction is so 
slow that at the end of 20 minutes only 63% of the iron is reduced. lu 
this case also the iron was completely reduced in ii minutes at a tem¬ 
perature of 81 

Two runs were made at room temperature with this latter acidity: 
one with a copper gauze and the other with a platinum gauze cathode, 
and complete reduction was not obtained in 75 minutes although the cur¬ 
rent was increased to 3.9 amperes during the last 15 minutes. Estimating 
from the intensity of the color with thiocyanate, equilibrium seemed to 
have been reached and it is very probable that tlie iron cannot be com¬ 
pletely reduced at the lower temperature with this concentration of acid 
present. 

The probable cause is that the greater concentration of sulfate favors 
the formation of persulfate which oxidizes the iron as fast as it is reduced. 
The higher temperatures are known to be unfavorable to the formation 
of persulfate, which would account for the complete reduction at the higher 
temperatures noted above. 

In the two runs above with the copper and platinum gauze cathodes 
a zinc rod was substituted for the platinum wire anode after 75 minutes. 
With the copper cattode the iron was completely reduced, as indicated 
by thiocyanate, in 7 minutes while wi^ the platinum gauze this was 
accomplished in 18 minutes. From this it would seem that complete 
reduction with the greater acidity is not possible except at the higher 
. temperatures or by the use of a soluble anode. 

, If the formation of persulfate is the chief factor in preventing com¬ 
plete reduction of the iron, it is evident that neutralizing the excess of 
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acid will not entirely correct the difficulty, and this was found to be the 
case. The same quantity of acid as used above was neutralized with 
sodium hydroxide until the excess of acid was less than i cc. sulfuric acid 
per 175 cc. solution and complete reduction was not obtained in 45 minutes, 
though a current of 3.7 amperes was employed. In this case, also, the 
iron was completely reduced in a few minutes by substituting a zinc rod 
anode for the platinum wire. 

The effect of chlorides in the solution is similar and it is impossible 
to get complete reduction with a platinum wire anode because of the 
liberated chlorine, while with a soluble anode the chlorides do not inter¬ 
fere unless the current density becomes so great that chlorine is liberated. 

Temperature -Acidity, -A number of runs were made to compare the 
rate of reduction at different acidities by determining the amount of iron 
that would be reduced in a given time. A series of these runs was made 
at 26° and another series at 76°. 

Temperature 26® Cathode Pt gauze. 5 a 6 cm. Anode Pt wire Solution 
175 cc. Current i g dmi>eres Time 3 minutes Average r p m 1300 
Acid, cc. o 6 5 10 25 30 35 40 45 50 

% Fc reduced . 77.0 71 o 69 4 67 o 64 5 45 3 21 6 ir 4 00 o 

Temperature 76'' All other conditions .is above 
Acid, cc o 6 10 20 \o 40 50 60 75 100 

% Fe reduced 96.5 90 9 88 b 85.0 77.5 65 3 ^7 5 31 7 i 

The general effect of acidity on complete reduction has been discussed 
and the above data are in accord with what has been said. 

The percentage of iron reduced falls off very rapidh" at room tenq^erd- 
ture with a concentration of acid from 25 to 40 cc. per 175 cc of solution, 
which may be partially accounted for by the fact that this is about the 
acidity of maximum conductivity for sulfuric acid, and with the greater 
concentration of hydrogen ion present the hydrogen may be liberated m 
preference to the iron being reduced. However, this is not the principal 
factor in the rapid drop in the amount of iron reduced, as the following 
data with soluble anode show : 

Anode: Amalgamated zinc rod 4 mm. m diameter, unmersed 6 5 cm. luto the 
solution. Cathode: Pt gauze, 5X6 cm Temp 22® Current i 9 amperes 
Solution: 175 cc Time* 3 minutes. 

Add, cc. . 061 2 5 10 20 35 50 75 

% Fe reduced. 62 3 62 2 66 9 H 3 60 5 5b.6 50 2 43 2 38 o 

In this case the hydrogen at the cathode may be supposed to be liberated 
under much the same circumstances as with the platinum anode, but the 
rapid falling off in the amount of iron reduced is almOvSt entirely absent 
The difference in results obtained in the two series over this range of acid¬ 
ity must be largely due to the formation of persulfate at the anode, with 
the platinum wire, which is eliminated by the use of the soluble anode. 
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This view is strengthened by the fact that about this acidity is given by 
Richarz^ as being best suited for a production of persulfate. 

Temperature .—The effect of an increase of temperature in addition to 
what has already been given, is quite well shown in the two series of runs 
following: 

Acidity: 0.6 cc. H2S04 per 175 cc. solution. Cathode; Pt gauze. Anode: Pt 
wire. Current: 1.9 amp. Time: 3 min. Av. r. p. m.: 1400. 


Temperature. 1.5® 8.0® 24.0® 26.6® 49.0® 63.0® 87.0® 

% Fe reduced. 53.0 63.0 76.4 78.4 880 94.0 99.6 

Acidity: 40 cc. H2SO4 per 175 cc. solution. All other conditions same as the 
above. 

Temperatiu-e. 13® 25® 58® 90® 100® 

% Fe reduced. 00.0 21.6 61.2 85.6 89.2 


In all cases an increase in temperature gives an increase in reduction 
and the effect of too great acidity can be very largely overcome by in¬ 
creasing the temperature. The above data show that with 40 cc. acid 
present no reduction takes place at 13®, while some of the previous tests 
indicated that at room temperature no reduction takes place with 50 cc. 
acid present, and at 76° the acidity may be increased to 100 cc. before the 
reduction becomes zero. 

Anodes .—^The general use of soluble or insoluble anodes has already 
been discussed in connection with other variables, and here as in tlie case 
of cathodes there is no very wide latitude for choice from a practical stand¬ 
point. The platinum wire serves the purpose veiy* well when an insoluble 
anode is desired, while the amalgamated zinc leaves little to be desired 
in the line of a soluble anode. Magnesium was tried, but, since the acid 
reacts so readily with it, the acidity must be controlled within much nar¬ 
rower limits than with zinc. 

The platinum wire used in the regular runs was modified by using a 
larger glass tube and sealing it off at the upper end, thus leaving a bell¬ 
shaped covering around the anode. A hole was blown in the side of the 
glass tube above the surface of the liquid to allow the escape of the liberated 
oxygen without mixing with the solution. This arrangement, when used 
on the blanks under the same conditions as the regular platinum anode, 
gave a solution that required only about one-half the quantity of per¬ 
manganate needed when the oxygen was liberated in the solution without 
any special precautions to remove it. 

If a selective reduction were to be made, the choice of suitable anodes 
or cathodes would be an important factor, but this is not the case in the 
present work, and since zinc is easily obtained in a fairly pure state 
and the effect of impurities may be largely overcome by amalgamation, 
it would seem to be the most {uractical metal to use. 

Blanks with Current —^The question of a blank determination in the 
* Ann. d. Phys.^ 34, 183 (1885); 31, 912 (1887). 







REDUCTION OF IRON FOR PERMANGANATE TITRATION. 


94 J 


runs with platinum anode is not so easily settled, since the nature of the 
process taking place makes it very certain that the conditions that ob¬ 
tain without the iron present would give no indication of what to expect 
when iron is present. The sulfuric acid solution and the platinum elec¬ 
trodes would produce persulfate at the anode and this would react with 
the water for the formation of hydrogen peroxide.^ The oxygen liberated 
at the anode, or from the air might also react directly with the hydrogen 
liberated at the cathode for the formation of hydrogen peroxide. This 
hydrogen peroxide would reduce the permanganate. However, in the 
presence of ferrous iron under the conditions of study, it would not be 
expected that these substances could possibly be formed to anything 
like the extent that they might be in the absence of the iron, since the 
ferrous iron would be oxidized and again reduced until equilibrium was 
reached. 

A number of runs were made on blanks and it was found that they could 
be made to reduce enough permanganate to indicate 6-8% of iron in the 
solutions as ordinarily used. This quantity was obtained by allowing 
the cathode to rotate near the surface of the solution and thus create a 
vortex which drew down considerable quantities of air into the solution. 
When the cathode was rotated beneath the solution, in such a manner that 
no air was drawn into the solution, the reduction of permanganate, for 
a run of the same duration, was only about one-half tlie above amount. 

It is quite certain that with the iron in the solution no such uncer¬ 
tainty exists in the electrolytic reduction as the above blanks might indi¬ 
cate, since a great many runs were made for complete reduction under 
quite different conditions, as indicated throughout the paper, and the 
checks obtained were, very satisfactor\^ 

The following comparisons were made between the zinc and electro¬ 
lytic reductions in this connection: Two zinc reductions required 17.55 
and 17.56 cc. permanganate solution for titration after deducting 0.12 
cc. for a blank run at the same time. Four electrolytic reductions made 
from the same solution at the same time required 17.56, 17.57, 17.57 
and 17.59 respectively, with no deduction for a blank. From this it 
would seem that no great error will be made if a correction for a blank 
is omitted in the electrolytic reduction with platinum electrodes. While 
the electrolytic seem to be slightly higher than the zinc reductions, a 
very faint coloration was produced in a thiocyanate solution in each 
case after the electrolytic reduction. 

When a zinc anode is used the conditions are somewhat different S4> 
far as a blank is concerned. The first two runs tabulated l>elow were 
obtained by reduction with metallic zinc and the others by electrolytic 
reduction with zinc anode under the conditions noted * 

' Richarz, Loc cU, 
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Zinc rcdttctkm. BlcctralTtfe leduetlsa. 

Time. 2 hr>. 2 bn. 22 min. 22 min. 16 1 ^. 

Acid, cc. 7,5 7*5 5 3 l 

Solution, cc. 175 175 175 175 *75 

Wt. Fe sol., taken. 25.556 25.545 25.533 25.522 25.543 

KMn04, cc. used. 2281 22.81 22.78 22.75 22,76 

KMn04less blank. 22.70 22.70 22.72 22.69 22.70 


A blank run with the zinc at the same time and under the same condi¬ 
tions as the above required 0.11 cc. permanganate. 

The electrolytic blank which was run with a careful exclusion of air 
and on the whole was rather lower than a number of other blanks that 
were run, required 0.06 cc. This may account for the electrol3d;ic runs 
averaging slightly higher than the zinc reductions. In these electrol3rtic 
runs the reduction was carried to a point where no color was obtained by 
the thiocyanate test. 

Reduction with Metallic Zinc ,—A number of reductions were made with 
metallic zinc to compare the effect of acidity with similar runs made 
electrolytically, and the results were interesting. 

Double the quantities of material used in the electrolytic reductions 
were placed in a 500 cc. Erlenmeyer flask, 14 g. of zinc distributed evenly 
over the bottom, and at the times indicated in the table below, 50 cc. of 
this solution were removed with a pipet, filtered to remove the particles 
of zinc, and titrated. The solutions were diluted to 350 cc. and the 
portions removed should have required 6.75 cc. of permanganate if totally 
reduced. 


350 cc. sol. 
Time. 
Mio. 

8 . 

20, 

50 . 

70 . 

KMnOi. Cc. 

90 . 

120. 

150 . 

4 

0.58 

0.95 

X .46 

1.79 

I 75. 

1.52 

0.96 

11 

I .46 

2.36 

3.69 

37 * 

3.61 

3.08 

1.96 

21 

2.64 

4.20 

5.31 

5.20 

5.07 

4-44 

2.93 

31 

3.92 

5 48 

6.07 

6.07 

5.88 

5*29 

3.59 

45 

5 . 3 « 

6.46 

6.65 

6.65 

6.57 

6.05 

4.26 

60 

6.24 

6.66 

6.76 

6.74 

6.77 

6.49 

4.30 


Of the zinc used not any passed through a 6o-mesh per inch sieve, 
0.3% through a 40-mesh, 85.5% through a 20-mesh, and all would pass 
a lo-mesh sieve. 

It is interesting to note that the zinc reduces fastest when the con¬ 
centration of acid is from 50 to 90 cc. per 350 cc. of the solution, 
and this is the concentration of add at which the electrolytic reduction 
with non-soluble anode is falling off the most rapidly. This is also about 
the concentration of greatest conductivity for the add. It is possible 
that the large concentration of hydrogen ions in the solution is instrumental 
in keeping the surface of the zinc clean and in the best condition for re¬ 
ducing the iron. This particular range of concentration in connection 
with the electrolytic reduction has already been discussed. 
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The results obtained in the zinc reduction do not seem to be in entire 
accord witli the statement of Carnegie^ that the more nearly neutral the 
solution the more rapid the reduction, though the conditions are not quite 
the same, since he used zinc dust. 

The zinc dissolves much faster in a solution containing iron than in 
one that does not, other conditions being the same. Hence the practice 
of running a blank experiment, so often recommended, is of doubtful value 
unless a pure zinc is used or all the zinc is finally brought into solution. 
This may also cause an uncertainty in methods similar to the Jones 
redactor method, though there is no doubt that the use of amalgamated 
zinc under these conditions prevents most other substances that would 
interfere with the titration from going into solution. The claim is made 
by Miiller and Wegelin^ that, when amalgamated zinc is used, there is 
no danger of iron precipitating on the zinc, but this phase of the subject 
was not studied. 

Reduction without Auxiliary Current. 

The method finally chosen as most practical for the reduction of ferric 
to ferrous iron dispenses witli an outside somce of airrent. In the course 
of the experimental work done in studying this metliod some observa¬ 
tions of interest were made. The idea of using a substance that it is 
wished to reduce as a depolarizer in a short-circuited cell was first suggested 
by T.bb^ in connection with certain organic compounds. At this time 
the full value of rotating one of the electrodes was not realized and conse¬ 
quently the reactions proposed required several hours for completion. 
Since these same reactions could be obtained much quicker bv purely 
chemical means the method has been very little studied. 

The principle involved is perhaps to be found in the Gladstone-Tribe 
couple, and also is suggested in the numerous recommendations found in 
the literature to bring the zinc used in the reduction in contact wtli plat¬ 
inum. That bringing the zinc in contact with platinum has any advantage 
is.contradicted by Muller and Wegelin^ and data are given to show that 
this does not hasten the reduction of the iron In the same paper it is 
recommended that the zinc be brought in contact with metallic cojiper 
or that a little copper sulfate be added to the solution to hasten reduction. 
The end in both cases is the same, since the copper from the copper sul¬ 
fate solution would be deposited on the zinc and assist in the reduction. 

In the present work the same apparatus was used as in the previous 
work, but no outside source of current was used. One of the electrodes 
was rotated and the electrol)rtic cell produced by the two different metals 

> J, Chem. Soc,, 53, 468 (1888), 

* Z. afuU, Chem,, 50, 615 (1911). 

* Ber,, 39 , 1390 (1896). 

* Lee, cU. 



946 


H. C. AI4J9N. 


in the acid solution was short-circuited by closing the switch on top 
of the apparatus. The contact was lubricated with oil and graphite to 
insure the least possible external resistance. 

The following are some preliminary runs that have considerable bearing 
on the course of the work and so are given at this place: 

1. Open-circuited cell with rotating platinum gauze cathode and stationary zinc 
rod anode. Acid: lo cc. sulfuric acid per 175 cc. solution Time: 3 minutes. Temp.: 
37®. Average r. p. m.: 800. 

Permanganate required for titration: 2.27 cc 

2. All conditions same as above, but cell short-circuited. 

Permanganate required for titration: 17.47 cc- 

While the conditions, so far as bringing the zinc into contact with plat¬ 
inum, are not the same as in the paper cited above, the values show an 
enormous increase in the iron reduced when the zinc is in contact with 
platinum in this manner. In the first case, above, the only oflSce of the 
platinum is to stir the solution while the zinc does the reducing, and 
with its already limited surface partially covered with the liberated hy¬ 
drogen offers very poor conditions for the reduction of the iron. 

When the platinum is brought into contact with the zinc the hydrogen 
is liberated from the platinum gauze with the large surface, and the greater 
part of the reduction takes place on this surface, either from the action 
of the liberated hydrogen or the electrolytic action. Whether the use of 
the platinum increases the rate of reduction or not is very likely a matter 
of relative surface and if the platinum has much less surface than the zinc 
it may be that the reduction will be less than without the platinum, 
since the reduction that takes place on the surface of the zinc itself is 
possibly diminished when this is brought into contact with platinum. In 
the case above the platinum serves to increase the active surface of the 
system as a whole, hence the increase in the amount of iron reduced. 

3. With amalgamated copper gauze cathode, 4 Vs X 20 cm., and amalgamated 
zinc rod anode, dosed-circuited cdl and all other conditions the same as No. i above * 

Time for complete reduction: 27 minutes. 

4. With silver plated on copper gauze, all conditions same as No. 3. 

Time for complete reduction: 11 minutes. 

5. With pure copper gauze cathode, all conditions same as No. 3. 

Time for complete reduction: 8 minutes. 

It is not feasible to use an open circuit when a copper cathode is used, 
since the copper goes into solution and deposits on the zinc in a loosely 
adhering mass which washes off and interferes with the titration. It is 
possible to get considerably more than 100% reduction as indicated by 
the permanganate consumed, under these circumstances. 

Since copper itself is a very good reducing agent for the iron it makes 
very little difference in the amount of iron reduced whether the circuit 
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is open or closed, providing proper precautions are taken to prevent the 
fwesence of metallic copper during the titration. 

In a dilute acid solution, with the circuit closed, the copper also goes 
into solution, much the same as with the open circuit, and offers the same 
disadvantages. When the concentration of acid becomes as much as 
lo cc. cone, sulfuric acid per 175 cc. solution none of the copper goes into 
solution when the cell is short-circuited, and the zinc remains clean and 
bright 

Amalganwied and Vnamalganiaied Zinc Anodes ,—The following runs 
were made to determine the effect of amalgamating the anode in the short- 
circuited cell without external current: The average speed of rotation 
was about 600 r. j). m. and the other conditions were as given in the table. 


Time, minutes. 

8 

8 

26 

13 * 

II 

Temi>erature .. . 

36“ 

36 

38° 

38' 

58° 

Acid, cc. 

10 

10 

10 

10 

10 

Anode Zn rod 

unamalg. 

amalg. 

amalg. 

amuig. 

.imulg. 

KMnOi soln iibcd ... 

. 82 

23.83 

23 78 

0 09 

23.85 

Loss in wt.. anode . 

0.3062 

0 1048 

0 1480 

c».0404 



*B)ank nin with careful exclusion of air. 


From these data it will be seen that by the use of amalgamated anodes 
only about one-third as much zinc goes into solution as when the anodes 
are not amalgamated, which is a point to be considered when working 
with impure zinc. The efficiency of the amalgamated zinc is also re¬ 
markably high, approaching 70^^^ ioT complete reduction of the iron, which 
is anotlier important factor in the practical reduction of the iron when 
the qualiU' of the zinc is uncertain. In an ordinary reduction with metallic 
zinc from 3 to 5 g, of the metal would be used, whereas in the present re¬ 
duction only a little more than o.io g. of zinc went into solution. The 
efficiency of the zinc for a 95% reduction of the iron was made to reach 
as high as 96% in a number of runs. 

In the above runs the solutions withdrawn by tlie pipet were not weighed, 
which may account for the rather wide variation in the results. Com¬ 
plete reduction was indicated in each case by sulfocyanate. 

The 26-minute run was made to test the effect of running after all the 
iron was reduced, which was at the end of eight minutes. 

The cathode in the above trials changed in weight only a few tenths 
of a milligram during the run. 

Rate of Reduction .—^The following runs were made to determine the 
rate of reduction in the short-circuited cell witliout external ciurent: 

Cathode: Cu gauze, 4^/j X 20 cm. Anode: Amalg. Zn rod. Acid: 10 cc, 
HtSO^. Solution: 175 cc. Temp,* 37®. 


Time, minutes. 1/, i 2 3 5 8 

%Fc reduced. 43.2 64.1 870 9^ -7 97-9 100 


This series of results shows the same general characteristics as that 
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obtained with current and needs no comment, except perhaps to note that 
the iron is completely reduced in less time in this case than when a current 
of 1.6 amperes is employed, but this may be wholly or in part due to the 
fact that a larger cathode was used or the temperature of the solution was 
a little higher. 

Blanks without Current .—Blanks run without current could be made 
to consume from o.o6 cc. to 6 or 7 cc. of permanganate and are no doubt 
worthless, probably due to the formation of hydrogen peroxide in the 
solution from the oxygen dissolved in the solution or from the oxygen of 
the air. This hydrogen peroxide could not exist in the ferrous solution 
and since so little zinc goes into solution during the reduction it would 
seem that the blank should be only that quantity of permanganate that 
is necessary to give the end color in a solution of the same volume, con¬ 
taining a like quantity of acid and iron in the ferric condition, as the iron 
solution to be determined. In a blank, run with the careful exclusion of 
air, about the same quantity of permanganate will be consumed as the 
excess used when ferric iron is pre^nt but this is not due to impurities 
in the zinc and is only an accidental agreement. These same conditions 
may also apply to a certain extent to any of the methods of reduction 
where metallic zinc is used. 

Blackening of Cathode .—^When using a copper cathode it was noticed 
that in some cases the copper would become quite black while in others 
it would remain bright, A few qualitative runs were made to determine 
the conditions that favored the blackening. This blackening did not 
seem to interfere with the accuracy of the determination except in a few 
cases with low acidity and large current, when it was evidently partly 
due to iron being deposited on the cathode. 

Among the conditions that were found to favor the blackening were 
the following: (i) low acidity; (2) small zinc surface in the short-circuited 
cell; (or 3) comparatively large copper surface; (4) large iron concentra¬ 
tion; (5) presence of chlorides; (6) low current density when current was 
employed. 

Finally, as a general check on the reductions, double tlie quantity of 
solution used in the previous trials was weighed out and reduced under 
the conditions given below: It is believed that the results indicate about 
the accuracy to be obtained by the method when considerable care is used. 


Time, minutes. ♦ 30 30 30 

Add, cc. 2 5 15 

Anode. Pt wire Amalg. Zn Amalg. Zn 

Cathode. Pt gauze Pt gauze Cu gauze 

Current amp. 1.9 1.6 0.0 

Blank, cc. 0.17 0.00 0.13 0.13 

Fe per g. of solution. 0,005447 0.005448 0.005448 0.005445 

•Jones reductor. 
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The Crescent iron ore, put out by the Bureau of Standards, gave the following 


results: 

Time, minutes. 30 30 30 45 30 

Add, cc. H9SO4. 5 10 10 20 15 

Anode. Pt wire Amalg. Zn Amalg. Zn Amalg. Zn Amalg. Zn 

. Cathode. I*t gauze Pt gauze Cu gauze Cu gauze Cu gauze 

Current, amp. 2.2 1.9 1.6 00 00 

Blank, cc. 00 o 13 o 13 o 13 0.13 

%Fe. 58.70 58.66 58.70 58 77 58 70 


In the preliminary treatment of the ore, the recommendations of the 
Bureau were followed and the permanganate used in the titrations was 
standardized by sodium oxalate obtained from the Bureau of Standards. 
No correction has been applied for the small amount of titanium (0.07% 
Ti02) present in the ore which may account for the values being higher 
than the value of 58.62^, given by the Bureau of Standards. 

Conclusions. 

1. It is possible to get practically complete reduction of ferric iron, 
as indicated by permanganate consumed, b}' using a large platinum cathode 
and small platinum wire anode if the concentration of sulfate is small. 
No blank should be subtracted. 

2. By using a soluble anode and platinum cathode, complete reduction 
is possible with wide range of acidity, but with low’ acidity some of the 
iron may be deposited on the catliode wdth high current density. 

3. Chlorides must be absent with platinum anode, but with soluble 
anode may be present unless too great current density is employed. 

4. By using a short-circuited cell with platinum gauze cathode and 
zinc anode, complete reduction may be obtained with wdde range of acidity. 

5. The most practical method of reduction in most cases is a short- 
circuited e'en with copper gauze cathode and amalgamated zinc rod anode. 
The concentration of acid must be at least 10 cc. cone. H2SO4 per 175 
cc. solution. Under these conditions 0.12 g. of iron may be reduced at 
room temperature in eight minutes with a zinc efficiency of 70%. 

6. With short-circuited cell, chlorides do not interfere with the reduction. 

7. Increase in temperature in every case increases the rate of ndin tion. 

University op Kansas, 

Lawrence. Kansas. 


NOTE. 

A Thermo-Regulator for Electrically Regulated Con^taut Temperature 
ChambersJ —The need for an adjustable thermo-regulator for electrically 
controlled constant temperature chambers of any description has led 
the writers to devise the form represented in tlie accompanying illustra¬ 
tion, Fig. I. Regulators of this type which have been in use for some time 
* Published by permission of the Secretary of Agrictilture. 
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have proved so satisfactory that it seems worth while to publish a brief 
description of the apparatus. 

This regulator consists of a main “bulb” whose form may be varied 
according to requirements, and a capillary stem provided with a small 
auxiliary bulb' g connected with the stem by a capillary neck. Platinum 
wires are sealed in at the points d and d'. The wire at d should barely 
protrude into the capillary, and an enlargement of the bore at that point 
should be carefully avoided. The stem of the regulator is graduated in 
^ millimeter units for a distance of 

PpA one or two centimeters above and 

below the wire d. This graduation 
^ greatly facilitates the adjustment of 

^ the regulator. In the unsealed regu- 

lator the stem i should extend 15 to 
S / ■- 20 cm beyond the auxiliar>^ bulb 

I i' The apparatus is filled in the fol- 

I I lowing manner The capillary- stem 

^ connected with a vacuum pump 

iCBjjjj^gll by means of an intermediar\^ three- 

' ^ tfil il stopcock. When the air has 

^ been exhausted from the apparatus, 

I 8 VI mercury is allowed to run in until 

^ I fl H HjL the bulb and part of the capillary 

M ■ B ^ stem have been filled. A little mer- 

m B ■''1^ allowed to run into the aux- 

iliar\^ bulb also. The stopcock is 
1 removed and the tube from the 

_ H--^ vacuum pump is attached directly 

p ^ ■ ■■ ** **********'!! ^I^^ to the stem of the regulator The 

should be firmly wired on. The 

X -^£^"^^:^ egulator is suspended by means of 

SL? - ' this tube while tlie air is exhausted 

with a high vacuum pump. While 
thus evacuated the parts of the regulator are carefully heated section by 
section until all the mercury has been boiled. Mercury is now boiled over 
from’the auxiliary bulb into the stem until the stem is completely filled to 
the neck of this bulb. Finally, the mercury in the auxiliary bulb is kept 
boiling under the low pressure while the stem is sealed oflf at In this 
way the air is entirely removed from the apparatus and oMTosion of the 
mercury surface, due to sparking at the point of contact with the wire d, 

^ A side>butb resembling the one here described but connected with the stem by 
a wide neck has been described by Regaud and Pouilland for another form of regulator. 
Ann. rev. chim. analyt , 14, 141-146 (1909)- 
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IS obviated. In order to avoid sparking, the regulator should be used with 
a current of very low amperage (o.oi amp. or less) which actuates a relay. 
The heating current can not be passed through the apparatus. 

To adjust the regulator, a small quantity of mercuiy’ is shaken from 
the auxiliary bulb into the stem or from the stem into the bulb, according to 
whether adjustment for a lower or higher temperature is desired. The capil¬ 
lary connection h should lx* rather narrow, as otherwise it is not possible to 
transfer sufficient!}' small globules of mercur}' to effect an accurate ad¬ 
justment. The adjustment is greatly facilitated by the graduation 
on the stem. When the regulator is brought to the desired tempera¬ 
ture by means of a water bath, the number of graduations between the 
level of the mercury cc»Iumn and the wnre d will indicate the quantity 
of mercur}' which must be transferred from the stem to the auxiliary 
bulb, or conversely. The transfer may be made after the regulator 
has returned to room temptTature. The form of the main “bulb"' 
of the regulator is, of ccmrse, immaterial and ma}' be varied accord¬ 
ing to requirement*'. In the type illustrated, the bulb consists 
of a large tulx^ 1 cm. in diameter with three small tubes each 10 
cm, long. This form has been found veiy’ convenient where the regulator 
is placed directly in the chamlxr to be controlled. Where the tempera¬ 
ture is indirectly controlled, as in the water jacketed int-ubators in common 
use in laboratories, an oblong bulb would be more convenient. In the 
regulator illustrated, the volume of the mercur}' up to point of contact d 
is about 20 cc. The increa.se in volume per degree would be 0.0036 cc. 
The diameter of the capillar}' / is about 0.16 cm. Its cross-section would, 
therefore, be 0.02 sq. cm. The linear expansion in the capillary" per de¬ 
gree centigrade would be 0.18 cm. The length of the capillaiy'^ is 5 cm., 
its volume o.i cc. This volume of mercury' would correspond to the ex¬ 
pansion of 20 cc. of mercury' caused by a rise through 28®. The volume 
of the bulb g is about 0.5 cc., allowing a possible temperature range of 
over roo®. 

The apparatus w’as constructed for the writers by E. Machlett & vSon, 
153 East 84th St., New York, N. Y. 

Bureau OF Plant Industry, H. H. BlNZEI. AND H. HaSSELDRINO. 
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ON THE STEARATES AND PALMITATES OF THE HEAVY 
; METALS WITH REMARKS CONCERNING INSTANTANEOUS 
PRECIPITATIONS IN INSULATING SOLUTIONS. 

By Alfred £. Kobnzo. 

Received February 26. 1914. 

Introductioii. 

The stearates and palmitates of the heavy metals have been known for 
a long time. Brief accounts of their preparation and analysis are found 
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in Chevreul’s *'Les Cc»ps Gras*’ and in Liebig’s Annalen.^ But little 
further work has been done on them. 

Kahlenberg^ has performed many experiments to show that all types 
of chemical reactions which take place in conducting solutions, and are 
attributed to the ionization of the compounds entering into the reaction, 
may be duplicated in non-conducting solutions. For these experiments 
it whs necessary to employ organic solvents, and in most of these the 
stearates, palmitates, and oleates of the heavy metals dissolve. This is 
due to their high carbon content, as Kahlenberg has pointed out. The 
oleates have been most frequently used, but, since they are generally of 
a smeary consistency, they present many experimental difficulties. The 
stearates and palmitates of the heavy metals, because of their higher melt¬ 
ing points, can readily be reduced to a powder and thoroughly dried. 
They therefore lend themselves much more satisfactorily to various pur¬ 
poses. 

The work described in this paper was undertaken to investigate further 
the properties of the stearates and palmitates of the heavy metals and also 
the solutions of these salts. 

Experimental. 

Preparation of the Salts and Instantaneous Precipitations tn Their Solu¬ 
tions. —^Merck’s palmitic and stearic acids were used in the preparation 
of the stearates and palmitates. The chlorides and sulfates of the heavy 
metals were also from the same somce. The pyridine, benzene, toluene, 
carbon tetrachldride, and other solvents employed in this work, were of 
Merck’s best grade. 

The copper, cadmium, cobalt, chromium, iron, lead, manganese, mer¬ 
cury, nickel and zinc salts were prepared according to the following general 
method: About 15 g. of the sodium soap were dissolved in a liter of warm 
water. This always yielded a clear solution, whereas, if the soap was 
placed in cold water and then warmed, a cloudy liquid would be obtained. 
The dear liquid, prepared as just described, sets to a solid jelly if allowed 
to cool. The warm solution of the soap was poured into an excess of a 1% 
solution of the chloride or sulfate of the heavy metal, with vigorous stir¬ 
ring. The flocculent predpitate of the heavy metal soap was washed by 
decantation until the washings were found to be free from soluble salts. 
The stearates and palmitates were dried in an air bath at 115® to 120® 
for ten to twelve hours. The flat crystallizing dishes in which the salts 
were dried were so large that the resulting clear liquid, Which in cooling 
solidified to a glassy solid, formed a layer not more than a millimeter 
thick. The salts were powdered and kept in glass stoppered bottles till 
used. 

1 Ann., 35, 31 (1840); 3^* 44 (1840); 84» 297 (*851), and 88, 298 (1853). 

* /. Phys, Chem., 6, i (1902). 
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Por the preparation of the sodium soaps, a quantity of the fatty acid 
was added to a little less than its equivalent of N/2 NaOH solution in a 
Ibtsk provided with a reflux cx>ndenser, and was then heated on a steam 
bath for ten to twelve hours. The clear solution was filtered through 
cotton, which retained the small globules of uncombined acid. This 
procedure is quite essential to avoid the formation of basic salts, when the 
heavy metal salts are precipitated by means of the sodium soaps. 
Cady^ in a recent article, states that when a dehydrated solution of copper 
oleate in benzene and one of hydrochloric acid in benzene, both of which 
have an extremely low^ conductivity, are mixed there results an instanta¬ 
neous precipitation of copper chloride, accompanied b\' a large increase in 
the conductivity of the resulting solution. This latter phenomenon is 
contrary to that observed by Kahlenberg.- The increased conducti\ity, 
observed by Cady, may be due to the different manner of preparing the 
copper oleate. In Cady’s method, oleic acid was neutralized with an 
excess of sodium hydroxide. When this sodium oleate solution is used for 
the precipitation of copper oleate, a basic copper oleate is necessarily 
formed. The reaction of the basic oleate with hydrochloric acid would 
result in the formation of a certain amount of water which with the hydro¬ 
chloric acid present would cause an increase in the conductivity of the 
solution, 

Kahlenberg* has pointed out tliat many reactions of the ty})e of double 
decompositions take place as readily in non-aqueous solvents as in water. 
I found that such a reaction occurred when a solution of cupric stearate 
in benzene w^as brought together vritli a solution of stannic chloride in the 
same solvent. *\n instantaneous precipitate of cupric chloride was formed. 
The clear filtrate w^as heated on a w'ater bath to distil off the excess of 
stannic chloride and the l)enzene. A light yellow liquid remained in the 
retort which solidified at about 50°. On analysis this yielded 15.06% 
oJ stannic oxide and tlie results of three analyses, one of which was of a 
sample prepared at a different time, checked very’ closely. This would 
indicate a basic stannic stearate of the formula vSn(Ci7HsoC()())4 Sn()- 
(Ci 7H86COO)2. Likewise a benzene solution of silicon tetrachloride run 
into a benzene solution of cupric palmitate formed an instantaneous pre¬ 
cipitate of cupric chloride. I'he colorless filtrate on (evaporation at room 
temperatqre left a gelatin-like solid which charred onh slightly on ig¬ 
nition, and yielded 82.3% of SiOo. This would show that if a silicon 
palmitate was formed at all, it was a basic salt as might be expected, but 
the matter was not investigated any further. 

The fact that instantaneous precipitation of cupric chloride thus occurs 
in benzene solutions of cupric stearate and cupric palmitate shows conclu- 

* This Journal, 35» *454 (1913). 

* J. Phys. Chem., 6, i (1902). 
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dvely that such phenomena are not due to the unsaturated condition of the 
acid radical, for the stearic and palmitic acids are saturated compounds* 
This then conclusively refutes Cady’s^ claim that the unsaturated condi¬ 
tion of the oleates is the cause for similar instantaneous precipitations in 
their solutions. 

Solubilities ,—To determine the qualitative solubility of the salts that 
were prepared, a portion of the finely powdered salt was placed in a test 
tube and shaken with a few cubic centimeters of the solvent. After stand¬ 
ing for several hours, a portion of the liquid was evaporated on a watch 
glass. The solubility in the hot solvent was determined in the same way 
after the lightly corked test tube containing the salt and the liquid had 
been warmed on a steam bath for an hour. The results have been placed 
in Table I. In this table (S) indicates that the salt is soluble to the extent 




Table I. 






Solvent 

Chromium 

stearate. 

Copper 

stearate. 

Copper 

palmitate. 

Cobalt 

stearate. 

Cobalt 

palmitate 

o* 

_ tc 

.a- 

. 

s! 

S" 

Stannic 

stearate 

Pyridine, cold. 

. s 

S 

s 

s 

s 

S 

s 

s 

Pyridine, hot. 

s 

s 

s 

s 

s 

vS 

s 

s 

Benzene, cold. 

. I 

I 

I 

s 

s 

s 

I 

s 

Benzene, hot. 

. s 

s 

s 

s 

S 

s 

s 

S 

Toluene, cold. 

. I 

I 

I 

s 

5 

s 

s 

vS 

Toluene, hot. 

s 

s 

s 

S 

s 

s 

s 

s 

Carbon bisulfide, cold. 

. s 

1 

I 

s 

s 

s 

s 

s 

Carbon bisulfide, hot. 

S 

s 

s 

s 

s 

s 

5 

s 

Chloroform, cold. 

s 

5 

s 

S 

vS 

s 

I 

s 

Chloroform, hot:. 

. S 

s 

s 

S 

s 

s 

I 

s 

Carbon tetrachloride, cold... 

, s 

s 

s 

S 

s 

s 

I 

s 

Carbon tetrachloride, hot.... 

. S 

s 

s 

s 

s 

s 

I 

s 

Amyl alcohol, cold. 

. 1 

s 

s 

s 

s 

s 

I 

s 

Amy] alcohol, hot. 

. I 

s 

s 

s 

s 

s 

I 

s 

Methyl alcohol, cold. 

. I 

I 

I 

I 

1 

I 

I 

s 

Methyl alcohol, hot. 

. I 

I 

I 

I 

I 

s 

I 

s 

Ether, cold. 

. I 

I 

I 

s 

s 

I 

I 

— 

Ether, hot. 

. I 

I 

1 

s 

s 

s 

I 

— 

Acetone, cold. 

s 

1 

1 

I 

I 

I 

I 

s 

Acetone, hot. 

. s 

I 

I 

I 

I 

s 

I 

s 

Ethyl acetate, cold. 

s 

8 

s 

I 

I 

I 

I 

— 

Ethyl acetate, hot. 

. s 

s 

s 

I 

I 

I 

I 


Paraffin, cold. 

. S 

s 

s 

S 

S 

s 

s 

s 

Paraffin, hot. 

. S 

s 

s 

s 

s 

s 

s 

s 

Heptane, cold. 

. I 

5 

s 

s 

5 

s 

I 

1 

Heptane, hot. 

. I 

s 

s 

s 

s 

s 

I 

8 

^ Loc. cii. 
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OMl^Ebout 1% or more; (s) indicates that only a few hundredths of a % 
dissolved, and (I) that the salt is insoluble. 

As Table I shows, the cobalt, copper, and nickel stearates and pal mi- 
tales were insoluble, or only slightly soluble, in cold benzene, toluene, 
heptane, chloroform, and carbon tetrachloride. When warmed for some 
time with these liquids, 1-2% solutions may be obtained. From solutions 
in these solvents, the salts did not separate on cooling. The whole liquid 
alarays set to a homogeneous jelly. Thus a 1% solution of stannic stearate 
methyl alcohol yielded a jelly, showing that this salt behaves like the 
stiarates of the other heavy metals. Kahlenberg^ has shown that copper 
oieate is soluble in cold benzene. Since the copper salts of stearic and 
pdmitic acids were found to be insoluble in this solvent, these facts might 
be used to separate these acids from oleic acid. 

All the stearates and palmitates were found to lie copiously soluble in 
hot pyridine. Some of these hot saturated solutions on cooling deposited 
distinctly crystalline addition products of the heavy metal soaps with 
pyridine. A hot saturated solution of copper stearate, or palmitate, was 
of a deep bluish green color which tamed to a deep blue on cooling and 
yielded a crop of green rectangular plates or granular masses. The mother 
liquor on standing deposited deep blue, feathery crystals in radiating clus¬ 
ters. A solution partly saturated at 80®, and allow^ed to cool very slowly, 
solidified almost entirely to a mass of light blue needles. The green crystals 
were quite stable and did not effloresce on exposure to the air for several 
weeks. They were found to contain one molecule of the copper soap 
combined with one of pyridine (Cu(Ci7H35CO())2.C5H5N and CutCisHsi- 
C00)2.C6H6N. The deep blue crystals were fairly stable but changed 
to an amorphous powder on exposure to the air. They were found to 
contain two molecules of pyridine to one of the soap. The light blue needles, 
when placed on a porous plate, quickly lost their pyridine and with it their 
crystalline form. Their composition has not been ascertained. 

A hot, saturated solution of the stearate or palmitate, of cobalt was a 
deep red color. This on cooling yielded rose colored plates which were 
fdund to contain two molecules of the pyridine to one of the ct^halt salt. 
Tfie crystals effloresced slowly to a pink amorphous powder. 

The hot, saturated solution of the nickel stearate has a light green color 
similar to that of an aqueous solution of nickel chloride. This solution 
yielded green crystalline plates that appeared a bluish green when the 
excess of mother liquor had drained off. These crystals w’cre stal>le, and 
were found to contain two molecules of pyridine to one of the stearate. 

All of these crystalline products have a well defined melting point, 
whereas the soaps themselves do not, as is showm by the following table 
* J. Phys, Chent., 6, i (1902) 
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TAmM II.^Tbb Mbltxmg Points of rsm Pubb Soaps anx> of rwm CbystauiMV 

COMPOUNOS WITH PVRmtNB. 

Soap6. M. p. Crystalline products. M« p« 

Copper Stearate . 115-125® Cu(Ci7Ha»COO)*.CsHiN 87.0® 

Copper pabuitate. n 5-120 ® Cu(CiiHstCOO)i*CsHtN 86.6® 

Cobalt stesfale. 73~ 75* Co(CitH»C 00 )i. 2 C*H»N 70.4® 

Cobalt palxnitate. 70-75* Co(C«HiiCOO)».2CsH|N 64.0® 

Nickel stearate..' . 8 c^- 86 ® Ni(Ci7H»COO)8.2C*HiN 85.4® 


After having obtained several crops of crystals from the solution of the 
copper soap, the remaining liquid no longer had the same color as a fresh 
solution but became a dark green. It then deposited a light blue crystal¬ 
line crust, together with a brownish slimy precipitate. The solutions of 
the cobalt soaps became a reddish brown and deposited a pink crust 
mingled with a* brown pr^ipitate. It is evident that this method of crys¬ 
tallization might be used to prepare the pure stearates and palmitates. 
The salts obtained by heating the addition products to constant weight, 
at a temperature high enough to drive off the pyridine, were found to con¬ 
tain the theoretical proportion of the heav>' metal. 

From hot solutions of the stearates of lead, chromium, trivalent iron, 
cadmium, manganese, mercury, and zinc, on cooling or evaporating the 
solvent, these salts separated out as a sticky amorphous mass. This 
loses its adherent pyridine and becomes a hard glassy solid like the 
original salt. 

Forster' obtained bright green crystalline plates of Cu(C 2 Hs 02 ) 2 .C 6 H*N 
and deep blue needles of Cu(C2H802)2-4CjiH6N from aqueous solutions of 
the acetates with pyridine. Grossman and Hiinseler® obtained dark blue 
plates of Cu(QH 302)2.2C5H6N. These crystals in their appearance and 
composition were analogous to the compounds of the stearates and palmi¬ 
tates of copper with pyridine. Senbert and Rauter^ describe crystals, 
of similar appearance and composition, of copper oxalate witli pyridine. 
Grossman and Jager^ also describe red crystalline plates of the oxalates, 
acetates, formates and tartrates of cobalt, each with two molecules of 
pyridine to a molecule of the salt, and green crystals of nickel acetate with 
two molecules of pyridine. These are also analogous to the corresponding 
stearates and palmitates. The* last investigators found similar addition 
products with the acetates and formates of such bivalent metals as man¬ 
ganese, mercury, cadmium, and zinc. Aside from a kind of crystalline 
crust and spherical nodules, no definite crystalline product with tJie 
stearates of these metals was formed. Lutschak*^ gives many analogous 
addition products of salts of the heavy metals with ammonia. 

^ Ber., 35, 3416 (1892). 

* Z, anorg, Chem., 46, 301 (1905). 

* Ber,, 35, 2823 (1892). 

* Z. anorg. Chem., 48, 73 (1906). 

* > 5> 30 (1872). 
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Saturated solutions of copper and cobalt stearates in quinoline, amyl> 
acetate, and benzaldehyde were prepared at about 70® and allowed to 
cool. The quinoline and benzaldehyde solutions apparently yielded crys¬ 
tals. As there was evident decomposition, shown by the blackening of 
the solution, these crystals were not investigated further. With amyl 
acetate the copper stearate swells up to more than four times its original 
volume and forms light blue granules which contain over half their weight 
of amylacetate. 

The stearates of nickel, cobalt, copper and chromium dissolved readily 
in melted stearic acid and paraffin. Uniform solids were formed on cooling. 
Apparently no addition product separated out. With a view to making 
a double sodium copper salt, the copper stearate was heated for a long time 
in a concentrated aqueous solution of sodium stearate. The copper stear¬ 
ate remained unchanged. The treatment of the copper soap with an 
alcoholic solution of sodium stearate resulted in no apparent change in 
the copper stearate. 

To determine the composition of the cr}"stalline addition products, the 
crystals were formed in crystallizing dishes. The pyridine was drained 
off, the crystals thrown upon filter paper, and dried as quickly as possible. 
Portions for analysis were placed in crucibles and weighed. The samples 
were heated in an air bath at 115 to 120® to constant weight and the p3nri- 
diile determined by the loss in weight. The crucibles were then placed 
on a sand bath and so heated that Uie organic matter was charred and 
gradually oxidized. To insure the complete oxidation of the organic radi¬ 
cal, the contents of the crucibles were treated with a quantity t)f finely 
powdered ammonium nitrate and finally a few drops of nitric acid. The 
copper and nickel were determined as the oxides. The cobalt was con¬ 
verted into the sulfate and weighed as such. Each of the results given in 
Table III is the average of two or three analyses. 

It has been noted by Kahlenberg that cobalt oleate, disvsolved in xylene, 
changes from pink to blue on heating. A number of such color changes 
in the solutions of the stearates and palmitates was noted. A solution 
of cobalt stearate in Merck's paraffin, m. p. about 60® was brown when 
cold. It melted to a straw colored liquid, became pink, and finally was 
a deep blue at about 180®. Cobalt stearate dissolved readily in melted 
stearic acid, palmitic acid, naphthalene, and phenol. These mixtuies 
behaved in a manner similar to that of the paraffin solution. A dilute 
solution of the salt in benzene, carbon tetrachloride, or amyl alcohol 
solidified to a pink jelly which, on heating, melted and changed to lavender 
color and became a deep violet, when the liquid had reached its boiling 
point. The higher the boiling point of the solution, the more nearly blue 
the hot solution became. Cobalt palmitate was found to behave in the 
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same manaer as the stearate in all these scdvents. In all cases the soht- 
tums became pink on cooling and blue on heating. 


l^ABLB III.—RSSULTS op ANALYSSS- 
Blue crystals of copper stearate with pyridine. 

Ct^per oxide. 


Calc, for Cu(CitHmCOO)i. 2C6H5N. lo. ro% 

Found. 9-93% 

Green crytsals of copper stearate with pyridine. 

Calc, for Cu(Ci 7 HKCOO) 2 .C*HfiN. 11.14% 

Found. n.2t% 

Green crystals of copi)er palmitatc with pyridine. 

Calc, for Cu(Ci 6 HMCOO)f.CsH«N. 12.12% 

Found. 11.96% 

Red crystals of cobalt stearate with pyridine 

Cobalt sulfate. 

Calc, for Co(Ci7HMCOO)t.aC.H.N. 19 • 

Found. 19.96% 

Red crystals of cobalt palmitate with pyridine. 

Calc, for Co(CisHgiCOO)t.2C6HftN. 21 46%; 

Found. 21.72% 


Green crystals of nickel stearate with pjrridine. 

Nickel oxide 


Calc, for Ni(CiTHttCOO)f.aCsKUN. 10.21% 

Found... 10.09% 


pyridine. 

20.06% 

21.92% 

11 - 33 % 

11.27% 


12 21% 
12 - 13 % 

Pyridine. 

20.18% 

20.23% 

2174%' 
2158%. 

Pyridine. 

21 . 52 %» 

21.57% 


The red crystals of cobalt stearate and palmitate with pyridine melt and 
change to deep blue on heating to about 150®. On cooling they return to 
their original red color. The dry cobalt soap itself melted to a rose colored 
liquid which turned to blue on heating. Even after heating for several 
minutes over a bunsen flame, the salt would assume its rose color when it 
had cooled. The color change in these cobalt salts must consequently 
be due to some intramolecular change and can not be ascribed to hydration 
or ionization. 

Copper stearate dissolved in hot paraflin or naphthalene gave a light 
yellow solution which formed a bright green solid on cooling to room tem¬ 
perature. The yellow color would return when it was melted and on 
solidifying the solid would again become bright green. Copper abietate 
behaves in a similar manner, and it has been noted in this laboratory that 
copper camphorate also showed this property, lliese changes are evi¬ 
dently analogous to those of the cobalt salts. 

Absorption Spectra-—K half or quarter normal solution of the stearate 
was prepared and placed in a two-millimeter cell. The absorption spec¬ 
trum of this solution was photographed. Five cubic centimeters of the 
solution were then diluted with an equal volume of the solvent. The 
absorption spectrum of this dilute solution was photographed. This 
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method of procedure was continued until the spectra of six dilutions had 
been obtained. Thus the photc^aphs of the p3Tidine and carbon tetra- 
diloride solutions of the stearates of copper, cobalt, and nickel were ob¬ 
tained. These were compared with the photographs of the absorption 
spectra of aqueous solutions of the chlorides of the same metals mnHp in 
the same way witli the exception that the first solution was four times as 
strong. This strength was used because it takes an aqueous solution of 



Helium spark spectrum 



w solution ot copptT chloride 
in water 


n 16 solution of copper stear¬ 
ate in pyridine. 


n 16 solution of copper stear¬ 
ate in carbon tetrachlonde. 



n 2 solution of nickel chloride 
in water 



ft i6 solution of nicKle stear¬ 
ate in p\ridine 



n 16 solution of nickel stear¬ 
ate m carbon tetrachlonde. 
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about four times the oouceutratiou of the solution of the soap of the same 
metal to produce a liquid of the same intensity of color. Upon each spec* 
trum photograph, there were also a scale and the sodium lines. To furnish 
a scale of reference, this same scale was photographed with the sodium 
lines and a spark spectrum of helium. The photographs were made by 
means of a Steinheil spectrometer with a Rowland grating. Cramer’s 
Spectrum Plates were used and each was given the same time of exposure 
and development. 

As far as this work was carried, there appeared no fundamental differ¬ 
ence between the absorption spectra of the aqueous solutioUs of the salts 
of copper, cobalt, and nickel and those of the solutions of their stearates 
in non-aqueous solvents. The spectrum photographs have not all been 
included in this paper. However those given in Plate I, show that the 
insulating solutions of the salts of copper and nickel have practically the 
same absorption spectra as the conducting solutions of salts of these metals, 
and the color of these solutions can not be attributed to the presence of 
copper and nickel ions. 

Summary and Conclusions. 

1. The copper, cobalt, nickel, ferric, manganese, chromium, and lead 
stearates and the copper, cobalt, and nickel palmitates have been pre¬ 
pared and described. Stannic stearate was prepared by double decompo¬ 
sition in benzene. A number of such instantaneous double decompositions 
with the stearates and palmitates in insulating solutions was noted. 

♦ Such instantaneous precipitations can therefore not be attributed to the 
imsaturated condition of the acid radical as claimed by Cady. 

2. The solubility of the above mentioned salts was determined in 
pyridine, benzene, toluene, carbon bisulfide, chloroform, carbon tetra¬ 
chloride, amyl alcohol, methyl alcohol, ether, acetone, ethyl acetate, paraf¬ 
fin, and heptane. 

3. A series of crystalline compounds of some of the stearates and palmi^ 
tates with pyridine was obtain^. A number of tliese compounds have 
been described and their formulae determined by analj^s. These data 
would be valuable as a means of purifying the stearates and palmitates of 
the heavy metals. They were also of interest because they fit in a series of 
analogous crystalline addition products of the salts of other organic acids 
with nitrogen bases. 

4. Cobalt stearate and palmitate, when dissolved in a number of sol¬ 
vents such as paraflBn, phenol, naphthalene, and toluene, and even the dry 
salts themselves, were found to change from pink to blue when they were 
heated. This would indicate that the change in color wfaidh is well known 
in aqueous solutions of cobalt salts, can not be due to hydration or the pres¬ 
ence of ions in the solution, but is .probably due to some intramok^ar 
change. 
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5. The absorption spectra of the aqueous solutions of the chlorides of 
copper, cobalt, and nickel and of the pyridine and carbon tetrachloride 
solutions of the stearates of these metals have been photographed. No 
fundamental difference has been noted in the absorption spectra of the 
aqueous and non-aqueous solutions. 

The autlior wishes to take this opportunity of thanking Professor Kah- 
lenberg for his valuable suggestions during the progress of this work wliich 
was undertaken at his request. 

CiiKMiCAL Laboratory, Uniybrsity op Wisconsin, 

Madison, Wis 


[Prom thb Henry Phipps Institute op the University op Pennsylvania.] 

THE PREPARATION OF COMPOUNDS OF TRYPAN-RED WITH 
IODINE AND OTHER SUBSTANCES. 

By Robkrt B Kkauss. 

Received January 24, 1914. 

It was found by. Lewis^ in 1912 in this laboratory that certain dyes, 
namely, trypan-red, trypan-blue, and isamine-blue, had a more or less 
selective affinity for different portions of tlie tuberculous tissue experi¬ 
mentally produced in the rabbit. Trj’pan-red, for example, when injected 
into a living animal which was suffering from tuberculosis, w^ould be found 
after several days in considerable concentration in the central, more or 
less necrotic portions of the diseased tissues. 

It was thought possible that this fact might be used as the basis for an 
attempt to distribute various physiologically active substances to the 
diseased tissue. Iodine was the active substance first selected. It was 
chosen because it is one of the few substances having any sustained repu¬ 
tation among physicians as a useful agent in the treatment of certain forms 
of localized tuberculosis. It is my purpose to present here, as briefly as 
possible, the purely chemical aspects of the work so far done. The physio¬ 
logical results obtained with the use of the substances whose preparation 
and analyses are presented in this paper will shortly be reported in an ap¬ 
propriate place. 

The chemical problem, accordingly, was to prepare compounds allied 
physiologically to trypan-red and containing iodine in the molecule. We 
have been able to obtain three direct substitution products of trypan-red 
with iodine. A compound of iodoform and trypan-red has been produced. 
We were able to obtain compounds of tlie dyestuff with thymol, eucalyptol, 
guaiacol, phenol, the cresols, cinnamic esters and pyrrol. The compounds 
with these substances have been further varied by substitution with iodine. 

1 Paul A. Lewis, 'The vSelective Relation of Certain Vital Stains to the Tubercle,** 
Arch, Intern, Med,, xo, 68 (1912). ^ 
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Metlukl of Analysis .—^The elementary analyses mentioned in this paper 
were conducted according to Dennstedt's simplified method, with the 
modification that a platinum capillary insert was used in place of the glass 
capillary of the original method, in order to avoid loss of time from breakage 
of the latter. Also, glass tubing with rubber connections was substituted 
for the rubber tubing of the method where it was feasible to do so, the 
former combination being sufficiently flexible to serve the purpose, ob¬ 
viating thereby the constant abvsorption of moisture through the rubber 
into the system. 

Determinations of iodine were carried out also by the method of E. C. 
Kendall,^ with slight modifications. These were for the most part very 

kindly furnished by Kendall himself, in 
the form of additional notes to his paper. 
We have made one slight departure of 
oirr own. This consisted of heating the 
crucibles in a firebrick- furnace having an 
insert (Fig. i). By this mean.s they were 
heated more indirectly and evenly than 
possible in his method. At the same 
time contamination from gases was totally 
eliminated. 

Trypan-red is a red dye very soluble 
in water, insoluble in alcohol. The manu¬ 
facturers have not, to our knowledge,, 
patented the preparation and have furnished no data as to its composi¬ 
tion or the methods used in its manufacture. Ehrlich and Shiga first 
called attention to this dyestuff which they used in experiments, now 
classical, in the treatment of experimental infections with trj^panosomes. 

According to Ehrlich and Shiga^ the composition of trypan-red is: 
Tetrazobenzidine monosulfonic acid (i mol) coupled to jS-naphthylamine 
disulfonate of sodium, R salt (2 mols). Structural formula: 

SOaH 

N«N—= N 
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FIG. I 


NaSOj 



iNHs 

IsOaNa 


NHj 

NaSO,i 



>aNa 


These authors furnish no analyses of the substance and we are familiar 
with no published evidence for the formula given. Of the dyestuffs ftu*- 

* E. C. Kendall, This Journal, 34, 894 (1912). 

* Crucible furnaces of this design made of fire day in three pieces have been recently 
made to our order at a reasonable cost. 

* Ehrlich and Shiga, Berl. kUn. Wochenschrift, 41,13 (1904). 
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ntshed commercially, even the purest does not correspond to this formula. 
In the various specimens analyzed wide variation in the sulfonic acid 
radical content was observed, as well as foreign organic substances, such 
as benzidine sulfone-sulfonic acid, benzidine di- and trisulfonic acids 
coupled varioUvSly with aminonaphthol sulfonic acids, Neville and Whin- 
ther*s acid, amino Ci acid, amino R acid and amido H acid. 

In the purification of the tiy^pan-red considerable difficulty was accord¬ 
ingly encountered. It was deemed advisable to avoid separations with 
saline solutions owing to the difficulty of completely removing inorganic 
salts from the purified dyestuff. The purification was accomplished by 
a rather tedious fractional precipitation, using alcoholic solutions of widely 
variable concentration in conjunction w’ith acetic and hydrochloric acids. 
The analysis of the purified material gave values approximately called for 
by the formula (C32H2oN6S5Na4()i5) of Khrlich. The following is an ex¬ 
ample : 

Calc. C, 39.18; H, 2.04; N, 8.57; S, x6 33; Na, g.39 

Found: C, 39.20, 39.24; H, 2.14, 2.10; N, 8.59, 8.63; S, 16.40, 16 52, Na, 9 30, 9 34 
In the interpretation of such results as we have obtained, we have as¬ 
sumed the substantial correctness of the formula. We have made certain 
attempts to prepare trypan-red from our own materials. When we have 
worked with purified components we have never succeeded in making the 
dye. On tlie other hand, as the re.sult of the combination of impure ben¬ 
zidine monosulfonic acid as a rough sulfonation product and an impure 
R salt WT have obtained a mixture of substances, from which we have 
been able to separate a large proportion of a dye having the chemical and 
biological characteristics of trypan-red. 

We mention this matter because of its bearing on our failure to get some 
results which might have been expected from the formula. Briefly, 
benzidine monosulfonic acid can be combined with iodine in at least five 
different proportions. We have never, however, been able to combine 
the iodized benzidine \vith pure R salt in such a way as to give any sub¬ 
stance having a resemblance biologically to trypan-red. In view of our 
failure to prepare trypan-red from pure components we do not consider it 
certain that iodized trypan-red wdth iodine .substituted benzidine cannot 
be prepared. As above stated, w^’ have been able to make a number of 
preparations containing iodine in the molecule and more or less closely 
resembling trypan-red in their biological properties. The methods w^hich 
we have used, the analyses of the preparations and their probable formulas 
are briefly presented in tlie following paragraphs: 

Compound C82Hi»OibNeS6Na4l, Monoiodo Trypan-red 

CeHalvSOs)—N-N->-*CioH4(Nll2)(S().,Na)2 2 13:6 

I 

I 

CeH.-N = N--C,eH 8 (NHs)(I)^S 03 Na)s 
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Tetrazobenzidine monosulfonic add coupled to monoiodo-jd-naphthyl- 
amine disulfonic salt R and /S-naphthylamine distdfonic R salt. This 
was prepared by treating 25 g. trypan-red in a flask with 16 g. of potassium 
iodide and 125 cc. water, then adding 25 cc. cone, sulfuric add. The flask 
is attached to a reflux condenser and heated to boiling for an hour. After 
neutralizing with sodium carbonate solution the dyestuff is filtered, washed 
with dilute alcohol, absolute alcohol and dried at 110®. It is a crimson 
powder, soluble in water to a red solution. It is insoluble in alcohol, ether 
and benzol. Analysis: 

Calc, for CMHi^N^SfiNaJOis: C, 34*72; H, 1.42; N, 7*591 S, 14*47; Na. 8.31; I, 11.48 
Found: C, 34*76, 34*78; H, 1.70, x 74; N, 7 58, 7 60; S, 14.48, i4*5o; Na, 8.32, 8.34; 
I. 11.47. n.47 

When treated with KOH solution the dye turns to a violet color; with 
concentrated H2SO4, blue; on heating, iodine is given off. 

Determination of the Location of the Iodine, The dyestuff was dissolved 
in a little water and the solution made strongly alkaline with ammonia; 
zinc dust was then added and the solution heated to boiling, whereupon the 
the color disappeared. On acidifying, cooling, and filtering, the benzidine 
monosulfonic acid remains with tlie zinc dust on the filter, while the second 
components are in the filtrate as o-diamino sulfonic salts. The benzidine 
monosulfonic acid, when dissolved from the zinc, evaporated to dryness, 
and treated with concentrated sulfuric acid and wanned, does not give off 
any iodine. The filtrate from the zinc containing the naphthylamine 
fraction of the dye shows distinctly this reaction, therefore: All the iodine 
present is located in the / 3 -naphthylamine disulfonic salt, and since one 
atom of iodine is present, only one molecule of the second component has 
been substituted. 

Compound C82Hi8N6S60i6Na4l2, Di-iodo Trypan-red 
CeH 3 (S 08 H)— N - N—CioHsCNH*) (I) (S 08 Na )2 

I 

CeH,-N = N—Ci«H,(N H,) (I) (SO,Na), 

Tetrazobenzidine monosulfonic acid coupled to monoiodonaphthylamine 
disulfonic acid R and monoiodonaphthylamine di.sulfonic acid R. This 
was obtained by treating 25 g. of trypan-red in a flask witli 100 cc. of 50% 
alcohol and 50 cc. of saturated alcoholic solution of iodine in the presence 
of mercuric oxide. The flask is boiled under reflux for three horn's. After 
cooling, the dye is filtered off and washed on the filter with alcohol, dis¬ 
solved from the filter in hot water, the solution made acid with hydrochloric 
acid, saturated with hydrogen sulfide to remove any mercury present*, 
filtered, boiled to expel hydrogen sulfide, filtered and evaporated to dry¬ 
ness. A red dyestuff is obtained which dissolves in water to a deep red 
solution. Reduction and examination, as before, showed the iodine to 
be present only in the / 3 -naphthylamine salt. 
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Calc, for CjjHjiNiSfcNaJiOu C, 20, H, 1 46, N. 6 82, S, 12 98, Na, 7 47,1, 20 61 
Found C, 31 IT, 31 00, H, 1 46, 1 48, N, 6 8t, 6 76, S, i? 96, r ? 88, N7 48, 7 50, 

20 59, 20 60 

On treating the dve with auicentrated potassium hvdiale solution the 
color becomes violet, with concentrated sulfuric acid, blue, and on heating 
iodine is given off. 

Iodoform Trvpan red -On beating Irvpaii red with ,i large excess of 
iodoform in alcoholic solution under reflux fot six hours, ,1 dark brown 
(ompound oi lodofoim and trvpan red results The dvt is ashed with 
.ilcohol until no more iodoform can be detected m tlu* washings and then 
fined at 1^0'' 'Plus insures the temoval of an\ remaining ircf iodoff>rm 

On standing, lorloform is slowh liberated onh aftei consideiabh tune 
Heating with cont' H SOj turns (he dve blu(‘ and iodoform given off, 
with caustir potash the color change is to red violet The dried led brown 
dve is completelv sfduble in watei to bright red solution 

Crik foi Ciffl flN<iS Na4<>i CHI 1 28 Ck) Pound I 2S 59 -S91 .’>54 

< CtsIIihN^^ h,S„Nad4t Ictfaiodo rjxpantcd -Bv means of 

the vSandmev^er reaction, trypan red vields an iodine derivative of dark 
brow'll vxilor, wdiich dissolv’cs m water to a deep red solution with a violet 
tinge Analv'sis showT*d the iodine to be present in the naphthalene di 
sulfonic salt, and corresponding to four atoms iodine 

C'alc for C^Hi«N4Si,N«i4l40i6 C 26 37 H, 1 09, vS 1098. N, 3 84 Na f> 31,1,34 89 
Found C 2637 2b 20, H, 1 07, I 04, S 1085, 1078, N 379 1 80, \ 1, 6 18 ^ ?2, 

I. 34 87, V4 79 * "^4 88 

Foniujla C6H,(vSOdi)- N - N -CioHrla(SOsNci) 

CeH,-N N- CioHJilisOsNa) 

Concentrated H2vS()t turns the dve dark blue .uid libeiates iodine on 
w'anning, caustic potash gives a dark red color 

Compound, C'^^HibNitlnSoNajU* Ihiodo-diioaoso liipantcd The pre- 
teding preparation dissolved in 20 ^( soduini hvclroxidc was treated with 
a current of chlorine gas. I'he tcuiperatuie of the solution was kept 
constant at 40® A diiodo-dnodoso trvpan-red was tornied, having an 
active oxygen content of 2 00^ < Tt oxidises livdnodic acid, liberating 
iodine. This mav be sepaiated bv shaking with cliloroforni and then <'an 
be titrated wdth thiosulfate 

Calc, for CwHj«N 4 vS 6 Na 4 l 40 i 7 C 25 So, ll, i 08, N, 3 7^> N 10 7S N i 601 I 34 14 
^ctwe O, 2 09 

Found C, 25 81, 2,*| 63, H 1 07 1 05, N 3 70, 3 78 S lo “o 10 bs N * b ob b TO, 
1,3408 3^9H Active 0,209 207 

C 6 H 3 —(SOjH 1 --N =*N—CioHdlHI 

C»H4-K - N~CioH,a)vI -0)^SOaNa)2 

Ccm found, C42H32N«Oi«SftNa4, Ihvnwl Trvpan-red —This dvestuff )s 
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formed when 25 g. tiypan-red, 300 cc. 50% alcohol and 15 g. th)rmol ate 
Ix^ed together in a flask under reflux for 24 hours. It is a crimson dye 
of the above composition, soluble in water to a crimson solution and in¬ 
soluble in alcohol. The dye turns dark blue with concentrated sulfuric 
add, liberating thymol on heating. With caustic potash the color is 
yellow-red. 

Calc, for CaHttNiNatSfOu; C, 44.68; H, 2.83; N, 7.44; Na, 8.15: S, 14.18. 

Found: C, 44.72, 44.82; H, 2.88, 2.90; N, 7.48, 7.54;Na, 8.16, 8.23; S, 14.20, 14.28. 

C,Hr-(SOiH)—N = N— CjoH4(NH,) (SCWa)i 

I 

C,H«-= N—C,oH,(NH,){SOJ<ra), 

\ /OH 

c,h/ CH, 

\c,Ht 

Compound, C42H8iOi«NeS6Na4l, lodothymol Trypan-red. —Thymol trypan- 
red (25 g.) was treated with 30 g. sodium hydroxide, 200 cc. water, and 10 g. 
iodine and then warmed to 80®. As soon as the reaction is completed 
the solution is neutralized with hydrochloric acid, the dyestuff separating 
out. It is washed on the filter with alcohol and dried. The scarlet powder 
is soluble in water to a scarlet solution. On wanning the dye with con¬ 
centrated H2SO4 iodine is liberated. 


Calc, for C48H8iK6Na4S6l.Oi«: C, 40.18;H, 2.47;N, 6.69; S, 12.75; Na, 7.34; I, 10.12. 
Found: C, 40.18, 40.12; H, 2.50, 2.62; N, 6.65, 6.68; S, 12.80, 12.72; Na, 7.32, 7.19; 
I, 10.08, 10.16. 


CeH,—(SOiH)—N «N—CioH 4 (NH,)(SO«Na), 

I 

C,H,--N—C„H,(NH,)(S0,N8), 

A 

V 


Compound, Eucalyptol Trypan-red. —^This was formed when 15 g. trypan- 
red, 5 g. eucalyptol, and 50 cc. of 80% alcohol are heated under reflux to 
boiling for three hours. The insoluble eucalyptol trypan-red is filtered off 
and washed with alcohol. It is a red-brown dye of varied composition, 
soluble in water to a red solution. An iodine derivative of this dyestuff 
was also prepared. 

Compound, C39Hj»NeOi7S6Na4, Guaiacol Trypan-red. —Finely divided 
trypan-red (25 g.) is heated with 10 g. guaiacol and 300 cc. 50% alcohol, 
for three hours tmder reflux. On cooling, the dyestuff settles out, is fil¬ 
tered, and washed with alcohol and dried at 110®, It is a red-brown pow¬ 
der soluble in water to a red solution with a yellow tinge. 

Calc, for CiiHfliNflSiNagOi?: C, 42.39; H, 2.62;N, 7.60; S, 14.46; Na, 8.34. 

Found: C, 4 «‘ 39 » 42*27; H, 2.61, 2.66; N, 7.61, 7*64; 8, I449» 14-20; Na, 8.33, 8.41. 



PREPARAtXON OP COMPOUNBS OF TRYPAN^RED WITH IODINE. 967 


C,H,(SO.H)—N CwH 4 (NH,)(SO,Na )2 

C 4 H 4 -« N--CxoH,(NH,) (SO,Na), 

OH 

O.CH, 

Compound, C89H26N60i7S{>Na4l, 1 odogtiaiacol Trypan-red. —Prepared by 
heating 15 g. trypan-red, 6 g. iodoguaiacol and 150 cc. 50^^ alcohol as 
under the preceding. The dark brown dye which results is soluble in 
water to a red solution with a slight yellow tinge. Sulfuric acid liberates 
iodine from the dye on heating. Caustic potash gives a yellow-red color. 

Calc, for Ca»HjfcN6S5Na4lOi7: C, 38.08; H, 2.11; N, 6.84; S, 13.02; Na, 7.49; I, lo. 34. 
Found: C, 38.17. 38.07; H, 2.12, 2.14; N. 6.82, 676; S, 13.01, 13.06; Na, 7.47, 7.50; 
I. 1033, 10.28. 

C4H»(S0,H )—N = N- CioH ,(NHi) (SOd^a)* 

I 

C,H.-N -N—C.,H,(NH.)(SO.Na), 



C,H.—OH 

Compound, C86H«N70uS6Na4, Pyrrol Trypan-red, —Wlien 15 g. trypan- 
r«*d, 5 g. pyrrol and 100 cc. of 50% alcohol are heated under reflux for three 
hours, a condensation of pyrrol and tr) pan-redjtakes place and a red- 
brown dye of the above composition is formed. It is soluble in water to a 
yellow-red solution and insoluble in alcohol and ether. The dye does not 
give a reaction for pyrrol with isatin and sulfuric acid or phenanthraquinone. 

Calc, for Ci*Hj|NTNa4SftOi6: C, 41.27; H, 2.39; N, 9.35; Na, 8.79; S, 15.28. 

Found: C, 41.26, 41.20; H, 2.39, 2.35; N, 9.34, 9.38; Na, 8.78, 8.82; S, 15.30, 15.27. 

Compound, CMHi9N70i6SBNa4l4, Tetraiodopyrrol Trypan-red, —This dye 
is formed when tetraiodopyrrol (from pyrrol and iodine in alkaline solution) 
is treated with trypan-red as in the preparation of pyrrol trypan-red. The 
tetraiodo dye is a dark brown salt soluble in water to a red solution. On 
addition of concentrated H2SO4 the dye turns blue and iodine is liberated 
on warming. 

Calc, for CMHiiK7l4Na4S40i6: C, 27.88; H, 1.23; N, 6.32; 1,32.79; Na, 5.94; S, 10.32. 

Found: C, 27.85, 27.80; H, 1.28, 1.35; N, 6.32,6.28; 1,32 75.32.70; Na, 5.96, 5,93; 
S, 10.31, 10.42. 

Compound, Ci 4 H 28 N 60 i 7 SfNa 4 , Phenol Obtained by heating 

trypan-red under reflux with an excess of phenol in alcoholic solution for 
three hours. It is a crimson dye, soluble in water to a yellow-red solution. 
This dye does not give tests for phenol. On heating with concentrated 
sulfuric acid the phenol is split off. 
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Calc, for CMHitNeNa^StOir: C, 44 - 83 ; H, 2.3?; N, 8.31: Na, 7-81; 8,13.58. 

Pound: C. 44.95, 44.90: H, 2.39, 2'57; N, 8 *8, 8.a6: Na, 7.68, 7.70: S, 13.51, 13.6a, 

/ 

(SO,H)-N - N—CioH8(NH2)(S08Na), 

I 

C8H4-N - N- ~CioHi(NH,)(SO«Na)2 

\ 

CJI40H 

Compotifid, C4ftHa2N60i7SfiNa4. Di-o-crcsol Trypan-red. heating try 
pan-red with an excess of alcoholic ^-cresol under reflux for three hours, a 
red-brown dye is formed which is soluble in water to a red solution. The 
dye is not broken down by heating the solution, nor can a test for cresol 
be obtained. Boiling with cotic. sulfuric acid turns the dye blue and splits 
off cresol. 

Cair for C«Ha2N«Na4S60i7 C, 46 30, H. 2 68; N, 7 04; Na, 7 7* ;S, 13 43. 

Found. C, 46.26, 46.42; H, 2 74, 2 78, N, 7 08, 7.11; Na, 7 89, 7 73; S, 13 38, 13 3c 

CfcH80H(CH,) 

/ 

C^HalSOdl)- N -N-~C,oH8(NH8){S08Na)s 

I 

C6H4-N -N~-CioH3(NH2)(SO,Na)i 

\ 

C«H,.OH(CHs) 

In the same manner di-w-cresol trypan-red, a dark red-brown dye, 
and di-/?-cresol trypan-red, a dark red-brown dye, Avere prepared. With 
sulfuric acid the w-derivative gives a violet-blue color and the 
tive a dark blue color. By treating these three isomers with iodine in 
caustic soda solution, and then neutralizing with acid, their iodine sub- 
vstitution products arc obtained. In this way were made di-(7-triiodo- 
cresol trypan-red, C46H26N60i7»SiiNa4l6; di-w/-triiodocrevSoI tr^ ])an-red, 
C 46 H 26 NeOi 7 SbNa 4 l 6 ; di-^-triiodo cresol trypan-red, C46H26N60i7S6Na4l«. 

Calc, for 61,39.69%. 

Found for o-deriv. 39.64, 39.64; w-dcriv., 39.62, 39 65; />-deriv. 39.67, 39.70. 

Compound^ C64H44N60i9Na4S6, DicinnamyUdi-o-cresol Trypan-red .— 
Prepared by treating, in a fla.sk, 146 pts. di-c-cresol trypan-red, i8 pts. 
sodium cinnaraate, and loo pts. benzene in the cold with 9 pts. phos- 
porous pentachloride and then heated under reflux until the evolution of 
hydrochloric acid has ceased. The benzene is then poured off and the 
residue neutralized with sodium carbonate. It is a red dye soluble in 
water to a red solution. Sulfuric acid turns it blue and caustic soda to a 
vellow’-red solution. 

Calc, for CMH44N4Na4S60i9* 0,52.89; H. 3.03; N, 5.76; Na, 6.33, S, ii.oi. 

Found: C, 55 71. 52.7<>; B, 3 06, 3,14; N, 5 78, 5.81: Na, 6.31, 6.39; S, 10.97, 11.08. 
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CH, 

/ 

CiHtO.OC—CH = CH—CeHfi 

/ 

C«H,(BO,H)—N - N—CioHa(NH,) (SOiNa)^ 

CtHi-N «N—CioH,(NH,)(SO,Na)2 

\ 

CtHiO.OC—CH = CH—CeHfi 

\ 

CH, 

Dicinnamyl'di-m-cresol Trypaii-red. Color scarlet. 

Dicinnamyl-di-/?-cTesol Trypan-red. Color dark red. 

Compound, Ce4H380iyN eS&Na4le, JHcinnaniyUdi-o-triiodocresol Trypan- 
red,— Prepared according to the nietliod indicated in the preceding 
paragraph, using di-o-triiodo trypan-red as a starting point. The dye- 
stufT obtained is a crimson po^^der easily soluble in water to a red solu¬ 
tion, giving witli concentrated sulfuric acid a blue color, and on heating 
this iodine is split off. 

Calculated for Ce4H,8N4Na4S6l«Oi»: C, 34.78; H, 1.72; N, 3 80; Na, 4.16; S, 7.24; 
I, 34 - 5 *• Found: C, 34*76# 34 7 o; H, 1.68, 1.94;N, 3 79,3.65; Na, 4 11,4.23; S, 7.23, 7.21; 

1. 34*47# 34-43- 

(CH,)—C.I,O.OC~-CH = CH—C,H, 

/ 

C*H,(SO,H)—N -N—CioHa(NH2)(SO,Na), 

I 

CeHi-N =N—CioH,(NH,)(SO,Na), 

\ 

(CH,)C8l,O.C)C—CH = CH—C,H* 

Dicinnamyl-di-w-triiodocresol Trypan-red. A crimson powder. 

Dicinnamyl-di-/?-triiodocresol Trypan-red. A red powder. 

Concentrated sulfuric acid turns both of tlie.se dyes dark blue and iodine 
is tlien split off on heating. 

The cinnamyl esters of the remaining phenolic condensations mentioned 
are being prepared in this laboratory. 

Summary. 

1. Iodine derivatives of tr>^pan-red of similar color, solubility and bio¬ 
logical qualities were prepared. 

2. An iodoform addition product of trypan-red of definite composition 
was prepared. 

3. Condensation products of trypan-red and phenol, the cresols, 
thymol, guaiacol, pyrrol and their iodine substitution products of definite 
compositions were prepared. 

4. Condensation products of trypan-red with eucalyptol and its iodine 
derivative of indefinite composition were prepared. 
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5. Cinnamic esters of the cresol trypan-reds and of the iodocresol 
tr3rpan reds of definite composition were prepared. 

In conclusion the author wishes to express his gratitude to Paul A. l^ewis, 
who suggested the present investigation, 

rRIl,ADBLF1ltA. Pa 


(Contributions from thr vShbpfield Chemical Laboratory of Yale Universitv ] 

RESEARCHES ON PYRIMmiNES. LXIX. ON A COLOR TEST 
FOR s-AMINOPYRIMroiNES. 

By Trbat B foHNhON AND Carl O Johns 
Received February IQ 14 

In the last paper Irora this laboratory on pvnmidines entitled, 'The 
Structure of Ritfhausen's Divtcine,"’ the writers emphasized the signiti 
cance of the interesting observation made bv Ritthausen^ that this base 
interacts with phosphomolybdic acid, in aqueous solution, giMiig an 
intense blue color. We contributed the interesting data that 4,s-di 
aminouracil (I) and 2,5-diammo- 4,6-dioxypvrimicline (II) likewise interact 
with this reagent, giving apparently the same blue color as divtcinc. Phos 
photungstic acid also gave a characteristic blue color with the 2,s-tliamino 
4,6-dioxypyTimidine (II), but, on the other hand, the isomeric 4,5-di- 
aminouracil interacted with formation of an amorphous green pret'ipitate. 
This behavior is in accordance wnth that of divicine towards phosphotnng- 
stic acid. In fact, all the known experimental evidence seems to indicate 
that Ritthausen was actually dealing with this pyrimidine and, conse¬ 
quently, that his vicine, which he isolated from vetch seeds, is a glucoside 
of this interesting base as represented by formula (III).*’* Whether these 
assumptions are correct w^ill be determined by an examination of the nat¬ 
ural products. This work is now in progress. 


NH 

1 

— CO 

[ 

NH — 

1 

CO 

I 

I 

CO 

1 

C.NH 2 

1 

HjNC 

1 

CHNIL 

1 

1 

II 

II 

1 

NH 

— C.NHs 

N - 

CO 


(I) (11) 

NH — CO 

I I 

CO C.NHCH.CH.CH CH.CH.CH. 

I II II II 

NH — C.NH, OH OH OH OH 
(Ill) 

Attention was also called, in our paper, to the fact that both of the di- 
aminopyrimidines contain an amino group in position 5 of the pyrimidine 
' Johnson and Johns, This Joukkai.. 36, 545 {1914). 

’ J, prakt. Chem , 59^ 482. 

" The sugar might also be linked to the 4-aniino group of the pyrimidine base 
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ting, and we stated therein that we should present, in a later paper, new 
evidence in support of the assumption that it is probably this particular 
amino group which actually participates in this characteristic color re¬ 
action. This work has been continued, and the new data, which we have 
already obtained, are now recorded in this paper. 

Folin and Dennis^ have recommended as an uric acid reagent a phospho- 
tungstic acid solution, which is prepared by treatment of sodium tung¬ 
state in aqueous solution with a definite amount of phosphoric acid. They 
found that this reagent not only interacts with uric acid in the presence 
of sodium carbonate, with formation of a blue color, but also gives character¬ 
istic blue solutions with monohydric phenols containing an amino group 
in the benzene ring, and also with di- and polyhydric phenols. As a specific 
phenol reagent, these investigators recommend a phosphotungstic acid 
solution which contains 10% of sodium tungstate, 2% of phosphomolybdic 
acid and 10% of phosphoric acid. This mixture not only gives a blue 
color with uric acid, but also with all phenols which Folin and Dennis ex¬ 
amined, with the exception of o-, m- and ^?-nitrophenols.^ In fact, they state 
that the solution can be used as a substitute for Millon’s reagent. Both 
reagents are applied by mixing them witli an aqueous solution of the com¬ 
pound to be tested, and then adding the required amount of alkali to pro¬ 
duce the color. Folin and Dennis state that the color is produced in alka¬ 
line solutions only, and is not obtained if the alkali is added before the 
phosphotungstic acid reagent. They recommend sodium carbonate as the 
alkali to be used and expressly state tliat potassium carbonate and ammo¬ 
nium hydroxide can not be used, because they give precipitates with the rea¬ 
gents. 

ThevSe solutions of Folin and Dennis were later used by Funk and Macal- 
lum^ in an investigation of tlie chemical nature of substances from alcoholic 
extracts of various foodstuffs. They found, for example, that this solvent 
dissolved nitrogenous substances, which reacted, in many cases, with the 
uric acid and phenol reagents giving blue colors. In order to acquire a 
knowledge of the nature of compounds capable of reacting in this charac¬ 
teristic manner they examined the behavior of the two reagents towards 
various substances of biochemical interest. Several pj^rimidine and purine 
compounds were included among those tested. Alloxantine (IV), however. 


NH~ 

1 

-CO CO — 

1 HO^I 

C — 0 — CH 

NH 

1 

CO 

1 

CO 

1 

il 1 

NH- 

- C.OH CO — 

•NH 


(IV) 



‘ J. Biol, Chem,, 12,*^239 (1912). 

* The behavior of this reagent towards new types of phenols will be discussed in 
a future paper (T. B. J.). 

* Biochem. 356 (1913). 
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was the only pyrimidine compotmdi of those examined, which interacted 
with formation of a blue color. Thymine, uracil, uridine and cytidine 
gave no color. The purines xanthine, hypoxanthine, guanine, 3-methyl- 
and 7-methyluric acids gave blue solutions with the phenol reagent while 
no color was obtained with the uric acid reagent. Adenine, paraxanthine^ 
theophylline, guanosine and adenosine failed to react with either reagent. 

This work of Funk and Macallum’s was recently extended by an investi¬ 
gation of Lewis and Nicolet,^ who examined the behavior of the two 
reagents towards about seventy different organic* substances. These 
included a variety of hydantoin, pyrimidine and purine compounds. No 
generalizations, however, can be established from their data. The most 
striking results obtained by them were the observations, that certain 
hydantoins react positively, and that the only two sulfur-free pyrimidines, 
which interacted with formation of a blue color, were 2,4,5-triamino-6- 
oxypyrimidine and 2,5-diamino-4,6-dioxypyrimidine (II). Of the twelve 
sulfiu*-free purines examined not one reacted positively. 

Our investigation has so far been confined exclusively to the study of 
pyrimidine compounds. We have used both the uric acid and the 
phenol reagents of Folin and Denis, and also a third reagent or 2% phos- 
phomolybdic acid solution. We have not applied the tests, however, as 
previously recommended and consequently have obtained some inter¬ 
esting and unexpected results. In fact, a systematic application of the 
three reagents has revealed, some very interesting structural relationships. 
These are apparent by inspection of Table I. 

Every compound represented in the table has been tested under the 
same conditions-, m..* in neutral,^ acid and alkaline solutions. We have 
used acetic acid and ammonium hydroxide as the acid and alkali reagents, 
respectively. Twenty-nine different pyrimidines have been tested and 
also three related acyclic compounds, namely, cyanacetylurea, NII2.CO.- 
NH.CO.CH2.CN, benzoylaminothioureaacrylic acid, H2NCSNHCOCH- 
(NHC0C6H6)C00H and benzoylaminopseudo-ethylthioureaacrylic acid, 
C 2 H 5 SC(NH 2 ) == NCH(NHCOC 6 H 5 )COOII. 

Methods Employed for the Application of the 7 V 5 fi.--Five to ten milli¬ 
grams of the pyrimidine to be tested are dissolved in about 2 3 cc. of water, 
heat being applied if necessary. For a neutral test this solution was then 
cooled to the temperature of ordinary tap water and the respective reagent 
added directly. In applying the tests in acetic acid solution, the aqueous 
solution of the pyrimidine was first acidified with the reagent and the 
pyrimidine reagent then added. For testing in alkaline solution ammonium 
hydroxide was always used. The aqueous solution of the pyrimidine 
was made distinctly alkaline with this base and the pyrimidine reagent 

^ J. Biol, Chetn., x6, 369 (1913). 

‘ By neutral is meant without use of either acetic acid or ammonia. 
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added last. Where a blue color was formed it generally developed im¬ 
mediately, before the formation of any precipitate. The colors produced 
in some cases were extremely intense and very permanent. As stated above 
4,5-diaminouracil gives no color with the uric acid reagent in acid solution. 
When tlie test is applied according to the above conditions, in the presence 
of ammonia, an intense blue color is produced. 

An examination of Table I will reveal the interesting fact that the 5- 
amino group is apparently the functionating group when phosphotungstic 
acid (uric acid reagent) produces a blue color in an ammoniacal solution. 
In every case examined by us the presence of an amino or imino group 
in the 5-position of the ring was necessary in order to obtain a blue color 
by use of the uric acid reagent. If both hydrogens were replaced by other 
groups or tlie 5-amino group placed in any other position in the ring or 
substituted in some side chain this reagent always failed to give a color in 
alkaline solution. It is interesting to note at this time that alloxan tine 
also gives a blue color with the uric acid reagent in an ammoniacal solu¬ 
tion. Wliether other 5-hydroxypyrimidines behave in a similar manner 
will be determined by further work. 5-Hydrc)xypyrimidincs possess 
many properties in common with the aromatic phenols. 

Nkw Havbn, Conn. * 


NEW PROCESSES FOR THE PREPARATION OF BUTADIENE-1,3 
HYDROCARBONS. II. PYROGENETIC DECOMPOSITION 
OF HYDROXY-COMPOUNDS. 

By L. P. Kvriakioqs. 

Received Marcfa 4, 1914 

Part I. Catalytic Dehydration of Glycols. 

In the first paper on these processes, it was shown that methyl 2-butyl- 
ene-oxide-1,2 could be easily^and smoothly dehydrated to isopn^ne. As 
oxides are anhydrides of the glycols, it occurred to me that the latter 
substances also might be made to give hydrocarbons of the butadiene-1,3 
series. In the literature on tlie subject of dihydroxyl compounds, we read 
that n-glycols are easily transformed to aldehydes or ketones, after partial 
dehydration. This transformation is effected most readily by heating 
the glycols with dehydrating agents or dilute acids. The reactions^ are 
explained on the assumption that the dehydration of the glycols results 
in the formation of either the corresponding oxide, or the homologue of 
vinyl alcohol. It is known that oxides are metamerized to aldehydes or 
ketones by the action of acid substances or high temperatures; while alco¬ 
hols of the vinyl series, being incapable of existence in tlie free state, are 
metamerized to the carbonyl substances at the moment of their formation. 
Among the a-glycols, those containing two tertiary hydroxyl groups, the 
^ Lehrbuch der org. Chemie, Meyer-Jacobson, 2nd ed., Vol. I, Part I, pp. 648-*649. 
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pinacones, are especially susceptible to such reactions. Pinacones are 
easily made to lose one molecule of water and then to give rise to ketones. 
This takes place by a molecular rearrangement, due to the wandering of 
an alkyl group. Tn the case of these ditertiary a-glycols, it has been 
observed that they can be made to lose two molecules of water and g^ve 
rise to hydrocarbons with conjugated double bonds. This dehydration^ 
is best carried out by distilling pinacone over alumina at 400®. 

/^-Glycols were studied by Lieben and his co-workers. If butandiol-1,3^ 
is heated with dilute sulfuric acid, it is decomposed to a number of sub¬ 
stances, among which n-butyraldehyde and methviethylketone are easily 
detected. That | 3 -glycols, also, are mainly decomposed to substances 
containing the carbonyl group is further proven by the observations of 
Kadiera,** who obtained only butyraldehyde and methylethylketone by 
treating butan(liol-T,3 with 50% sulfuric acid in the cold. Lieben^ ob¬ 
serves that the nature of the products obtained by the action of dehydra¬ 
ting agents, dilute acids or of water at high temperatures on / 3 -glycols, 
depends on the constitution of the glycol. The main products are, then, 
aldehydes, ketones or 1,4-oxides. I began the study of the catalytic 
dehydration of the dihydroxyl compounds with the 1,3-glyc‘ols, which are, 
as a rule, more readily obtained than the a-isomers. 

Fhitadicuc-i,^:i (Divmyl), CTT*; : CII.CH : Divinyl is the simplest 

representative of the hydrocarbons containing conjugated double bonds, 
and is capable of polymerization to a rubber-like mass. Harries,* wdio 
studied the hydrocarbon and its polymerization products, observes that 
the sodium butadiene rubber was vulcanized to a product that surpassed 
t^e other synthetic nibber-Iikc’ substances in cla.sticity and strength. 
The handlifig of divuiyl, which is a gas at ordinar>' temperatures, is not 
very ea.sy. ()ur ex]7erience with thi*^ hydrocarbon was not ver}" enjoyable, 
as in the majority of cases the sealed tubes exploded during the heating. 
The glycol used in the following experiments was obtained by the reduction 
of acetaldol. 

Experiment 7.*--95 g. /3-butylene glycol were slowly dropped into a 
tube filled with pieces of ignited kaolin. The dehydration w^as cfTectcd at 
380-400®, and the decomposition products W'erc cc^llected in a receiver 
cooled with a mixture of carbon dioxide and ether. The gaseous de¬ 
composition products were dried by passing them through a drying tower 
containing calcium chloride, and then condensed in a sealing tube. The 

‘ D. R. P. 235,311, Chem, Zrntr., iQii, 11 , 112; Fr. Pat 4 i 7 » 275 » 2548 

(1912). 

* Bauer, Mo^vatsh., as, i (1904). 

* Monatsh.y 25, 340. 

^ Ihid., 23, 74 (1902). 

’ * Ann., 383, 206, 213; 395, 241, 259. 

* This experiment was carried out on the 14th day of Dec., 1911. 
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amount of liquid condensed measured about 8 cc. This was treated with 
a little catalyst favoring normal pol)rmeri2ation, and submitted to the 
action of heat after sealing the tube. The latter was left in a steam bath 
for 72 hours, when the liquid was found to have thickened appreciably. 
In order to increase the rate of polymerization, the tube was heated in a 
bomb furnace at 120® for 72 hours more, and the hydrocarbon was thus 
made to solidify. On opening the tube we observed quite a little pressure, 
which was due to unpolymerized divinyl or other gaseous impurities. 
Tlie solid product was submitted to steam distillation and was found to be 
a tough and elastic sample of a rubber-like substance. This substance, 
on being left in the air for a short time, is soon changed in its physical 
properties, becoming very hard and brittle. This is evidently the result 
of chemical changes due to oxidation. 

Senderens,* in a review on the dehydration of saturated alcohols, re¬ 
marks that the temperature and rate of catalysis are functions of the 
physical as well as chemical nature of the catalyst. Having studied the 
activity of a good many catalysts, vSenderens concludes that carefully 
prepared and ignited aluminum oxide is the best catalyst; but the dis¬ 
advantage in its use is that this substance is very sensitive towards im¬ 
purities and heat. Kaolin and aluminum silicate are spoken of as being 
very active. Impurities and heat do not effect an appreciable decrease 
in the activity of tliese substances. 

As we had on hand a sample of commercial aluminum phosphate, which 
was marked as chemically pure^ we made use of it in the following experi¬ 
ment. Senderens speaks of aluminum phosphate as being only a fair 
dehydrating agent. 

Experiment II , —75 g. of the glycol were catalyzed over ignited aluminum 
phosphate at 450° and 150 mm. The distillation of the liquid was carried 
out slowly, and the gases were condensed as in the last experiment. The 
water formed as a result of the reaction measured 28 cc.- -the theoretical 
amount is 30 cc. The organic layer had a very clean appearance, was very 
light yellow in color and measured about 50 cc. The gaseous products 
were partially purified by passing them through two bulbs containing con¬ 
centrated potassium hydroxide, and then dried by means of calcium 
chloride. The alkaline liquids, contained in the bulbs, gradually deepened 
in color as the distillation of the gases progressed, and finally were covered 
with a little layer of a resinous substance. As the distillation of the dehy¬ 
dration products was finished by warming the receiver witli the hand, any 
acetaldehyde present would be carried over into the alkaline solution, 
where it would be resinified. The production of acetaldehyde is probably 
due to the decomposition of any unreduced acetaldol present in the glycol. 
The divinyl as purified above was condensed in three tubes. The first 
^ Ann, cktfn, phys,, ( 8 ] 25 y 449 ( 1913 ). 
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tube, containing about 5 g. of the hydrocarbon and a few pieces of sodium, 
was sealed and heated at 60® for about 30 hours. The liquid was found 
to have solidified completely at the end of this jieriod of heating. The 
contents of the tube were treated according to the directions of Harries, 
and the rubber was found to be fairly tough. The other two tubes, con¬ 
taining the hydrocarbon and a little of a catalyst, were sealed and heated 
one week at 100® and another at no®. The liquid in one of the tubes was 
solid. The other tube, with tlie hydrocarbon still showing signs of mobility 
was heated for 15 hours more at 120®. The crude polymerization products 
were subjected to steam distillation and then dried. The substance ob¬ 
tained thus had the physical properties of crude rubber. It is seen that 
butadiene is more readily polymerized to a rubber-like substance than 
isopn'iie. In ca.ses where the sample of divinyl was ver>" impure, we 
could usually obtain a solid mass, no matter how small, on heating it for 
a week or two at 100 no®. 

The fact that the gases obtained by the pyrogcnetic dehydration of 
butandiol-1,3 were capable of polymerization to rubber is ample proof 
of the formation of divinyl. In some catalyses the products of decomposi¬ 
tion, especially those obtained in partial vacua (below 50 mm.) and at 
temperatures varying between 420 460°, were very clean in appearance 
and cf)ntained very little high boiling side-products. The low boiling 
products would easily solidify to nibber-like masses. A sample of such a 
decomposition product of /:i-bulylene glycol was submitted to normal 
polymerization by heating in the steam bath. The liquid showed signs 
of rubber formation within 24 hours. The tube having exploded on the 
third day, we were able to recover about 5 g. of the divinyl as a very’ 
fair sample of rubber. 'Hie dehydration of the glycol had been effected 
by aluminum phosphate. I'urther evidence of the formation of con¬ 
siderable quantities of divinyl, even at ordinary pressures from 0-butylene 
glycol, is found in the fact that on treating the decomposition products 
with bromine we were able to obtain great quantities of tetrabrombutane. 
This tetrabromide was dehalogenated according to Gustavson and Dem- 
janolTs^ zinc dust method, and the hydrot'arbon polymerized to rubber. 
The choice of a good and active dehydrating agent in these catalyses is 
very e.ssential. The dehydration of 1,3-glycols to hydrocarbons of the 
divinyl series, would seem to proceed according to the following course: 

(1) CH 3 .CH( 0 H).CH 2 .CH 20 H = CH3.CII . CH.CHaOH + HaO. 

(2) CHa.CH : CH.CH2OH = CH2 : CH.CH : CHo -f HoO. 

R. B. Earle has been able to isolate crotonyl alcohol, CH3CH : CHCH2- 
OH, among the decomposition products in tlie formation of divinyl. 
In fact, 0 -butylcne glycol, if submitted to the action of catalysts at tem¬ 
peratures not exceeding 350®, seems to be dehydrated principally to bu- 
' Chem, Zentr., 1888, 1345; also Thiele. Anv . 308, 339. 
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tenoL The assumptidn that crotonyl alcohol is an intermediate step in 
the complete dehydration of the glycol is supported by the discovery that 
btiten-2-o/-i itself, is readily dehydrated to butadiene-1,3, if subjected to 
the pyrogenetic action of catalysts. Charon,^ furthermore, states that, 
by heating the bromo-ester of the unsaturated alcohol with potassium 
formate at 160-180°, he obtained the diene as the principal product of the 
reaction. The dehalogenation of bromo-i-butene-2 to divinyl is explained 
by Charon on the assumption that methylallene, CHs.CH : C : CH2, 
is the primary reduction product. This substance, however, is immediately 
isomerized to the more symmetrically constituted divinyl under the in¬ 
fluence of the high temperature, the symmetrical configurations being 
the stablest of all. 

Isoprene, CH2 : C(CH,).CH : CHa.—Methyl-2-butandiol-i,3, CHs.CH- 
(OH).CH(CH8 ).CHjOH, was obtained by the reduction of methyl-2-bu- 
tanon-3-c?/-i. Forty g. of the glycol were distilled slowly over aluminum 
phosphate at 450° and 15-20 mm. The decomposition products were 
condensed by means of carbon dioxide and ether. The products were 
separated from the water, dried and fractioned through a column. Ten 
g. of the liquid boiled at 30-40°. This was refractioned and 5 g. of the 
substance were obtained by boiling at 34-38°. The low yield of isoprene 
is explained on the assumption that the rate of catalysis was rather fast. 
The remarks as to the purity of the hydrocarbon, found in the last paper, 
would hold true here also. For a very pure sample of isoprene a higher 
vacuum, than the one used here, must be utilized. 

Piperylene, CH3.CH : CH.CH : CH2.— The pentandiol, 2,4-CH8.CH- 
(OH).CH2.CH(6 h),CH 3, was prepared by the reduction of hydracetyl- 
acetone, CH8CH(OH)CH2COCH3. Forty grams of the glycol were dehy¬ 
drated at about 35 mm. as the isoprene above. The water formed as the re¬ 
sult of the decomposition amounted to 12 cc.; theory calls for 14 cc. The 
dried organic liquid was fractioned through a column. A little liquid 
distilled over below 35°, and had the sharp smell of ethanal, which was 
probably due to the decomposition of unreduced hydracetylacetone present 
in the glycol. The fraction collected as piperylene boiled mostly at 40-45® 
and weighed more than 10 g. 

I would like to mention here a reaction, which I did not have the time 
to study well, but which may, nevertheless, prove to be of considerable 
importance. It has been known for some time that finely divided copper,* 
made by the reduction of the oxide, has a catalytic action on alcohols at 
about 300°. Primary and secondary alcohols are thus dehydrogenated to 
aldehydes and ketones respectively; while tertiary alcohols® are dehydrated 

‘ Ann. chim. pkys,, (7] 17, 234. 

* Sabatkr and ^derens, Bull, sac. chim,, [3 ] 33, XVII, 263 <1903), 

* Ibid,, also Neave, The Analyst^ 34, 346 (1909), 
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to olefines. On the basis of this last reaction, it seemed to me that a 
ditertiary a-glycol, such as pinacone, might be dehydrated so as to give 
rise to a homologue of divinyl. At 300° freshly reduced copper does not 
catalyze pinacone to a hydrocarbon. The pinacone used was obtained by 
distilling pinacone hydrate through a column until the temperature of 
the vapors attained 115°, and the residue from this distillation was made 
use of in the following experiments. 

DimcthyUs.j-butadienc-i.j, CH2 : C(CH3).C(CH3) : CH2. — Thirty 
grams of the glycol were slowly distilled over finely divided copper at 
430°. The distillate was freed from the water, dried over calcium chloride 
and fractioned through a column. Five grams of the liquid distilled over 
below 85 mostly 70 75 This liquid had the boiling point of dimethyl- 
2,3-butadienc-i,3 and tlic characteristics of an unsaturated hydrocarbon. 
The substance was dissolved in ether, cooled and treated slowly with 
bromine. The halogen was absorbed instantly. The addition of bromine 
was discontinued when the rate of its absorption slowed down appreciably. 
The solvent was then evaporated off, and the residue left in the ice-chest. 
We soon observed the deposition of a ciy^stalline substance, which was 
very probably the tetrabromide of the hydrocarbon. The high boiling 
fraction from the distillation of the hydrocarbon contained pinacoline. 
Pinacoline itself, passed over freshly reduced copper at 450-480°, does not 
undergo any appreciable change. Anotlier experiment was carried out 
with 40 g, pinacone. The temperature of reaction was kept at 460-500® 
and the pressure was that obtained by the May-Nelson vacuum pump. 
The decomposition products were collected at ordinary pressures at the 
exit end of the pump. The distillate was dried and fractioned through a 
Young’s column, when 5 g. of the liquid distilled over below 90°. This 
substance was refraclioned, and the liquid, boiling at 70° and amounting 

3 was brotninated as above. In this case also, some of the crystalline 
tetrabromide was obtained. It seems evident that ditertiary a-glycols 
can be dehydrated to hydrocarbons of the butadiene-1,3 series, if they are 
distilled over freshly reduced copper at temperatures above 400®. The 
dehydration of these glycols could result, normally, only in the formation 
of pinacolines or hydrocarbons, which can be easily separated by fractional 
distillation. In the case of pinacone it may be possible to effect a better 
dehydration to the hydrocarbon by raising the temperature of reaction 
and carrying it out in vacuo. Methyl-2-buten-3-f?/-2, a tertiary unsatu¬ 
rated alcohol, might react in a similar manner to give isoprene as follows: 
CH 8 .C(CHa)( 0 H).CH : CHa = CHa : C(CH3).CH : CHa + HaO. 

Part II. Dehydration of Unsaturated Alcohols, 

The dehydration of unsaturated alcohols, especially those containing a 
secondary and tertiary hydroxyl group, is usually effected by means of 
oxalic acid, potassium acid sulfate or acetic anhydride in the wet way. 
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Reif,^ who studied the generation of divinyl hydrocarbons from alcohols 
of the buten-2-o/-i type with a secondary hydroxyl group, states that he 
could not obtain the dienes by the dehalogenation of the chloro-esters of 
the alcohols, neither could he dehydrate these alcohols with acetic an¬ 
hydride. Reif succeeded in dehydrating the imsaturated alcohols directly 
with potassium acid sulfate; but as this salt induces the partial polymeriza¬ 
tion of the hydrocarbons dtuing the reaction, he effected the dehydration 
by using small quantities of the alcohols. In spite of this precaution, he 
could not obtain yields of the hydrocarbons higher than 15%. Abelmann,* 
on the other hand, discussing the dehydration of unsaturated alcohols, 
obtained by the interaction of tiglic aldehyde and organomagnesium 
compounds, has observed that the best way for producing the dienes is by 
dehalogenating the chloro-esters of the alcohols by means of quinoline. 
In some cases even potassium acid sulfate gave good results. Another 
method, which Abelmann discusses in the same paper is that of the action 
of hydrobromic acid in the use of Norris* esterification process. It has 
been mentioned above that unsaturated alcohols could also be changed to 
the butadiene-1,3 derivatives by distilling them over heated catalysts, 
preferably at reduced pressures. This method would be the simplest in 
many instances, as the yields of the hydrocarbons are very good. 

DivinyL —This is very easily obtained by carrying out the dehydration 
of buten-2-o/-i, CKU.CH : CH.CH2OH, at 400-450®. 

Piperylene, —Peuten-2-<7/-4 was prepared by means of the Barbicr- 
Grignard* reaction from crotonaldehyde and methyliodide. 130 g. of 
the alcohol were distilled over kaolin at 400-420® and 60-75 mm. A 
mixture of carbondioxide and ether was used as a freezing mixture for 
condensing the hydrocarbon. The water of dehydration amounted to 
27 cc., theory calls for 27.5 cc. The crude organic product collected 
amounted to 75% of the theoretical. This was dried and fractioned 
through a column. The liquid on refractionation boiled at 41-44® and 
weighed 60 g. Reif^ gives 40-41 ® as the boiling point of the hydrocarbon. 
The total high boiling residues from 130 g. alcohol used did not weigh 
more than 5 g. 

It would seem that the decomposition of the alcohol was nearly theo¬ 
retical. For a purer product the reaction must necessarily be carried out 
at lower pressures. 

Heocadiene-24, CHa.CH : CH.CH : CH.CH3. —The alcohol® was pre¬ 
pared from crotonaldehyde and ethylmagnesium bromide. One hundred 
grams of hexenol were decomposed tmder the same conditions as the piper- 
1 41, 2739 (1908). 

* Ihid,, 43, 1574 (19x0). 

* Ann, rhim, phys,, {7] 14, 465 (1901). 

* Ber„ 4I9 2744 (x9o8)- 

» Reif, Bet,, 39,1603 (1906). 
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ylene homologue. The hydrocarbon boiling at 78-“32® weighed 40 g. 
The theoretical yield would be 72 g. Reif^ gives the boiling point of this 
hydrocarbon as 80-82®; while, according to the “Lehrbuch,'** hexadiene-2,4 
boils at 87-89®. The water of dehydration in this experiment amounted 
to 17 cc., instead of the theoretical 18 cc. Another sample of hexenol 
was decomposed at ordinary pressures. From 390 g. alcohol 190 g. of a 
liquid boiling between 76- 86 ® was obtained. This was refractioned, and 
145 g. of the hydrocarbon were collected at 80-84®. In the dehydration 
of pentenol and hexenol prepared from crotonaldehyde it is observed 
that there is always a fraction among the decomposition products, which 
boils below 30®, and has the smell of acetaldehyde. This latter substance 
is formed from the paraldehyde which is always present in the crotonalde¬ 
hyde. 

An attempt was made to dehydrate hexen-2-c/-4 by means of crystallized 
oxalic acid. Fifty grams of the alcohol were heated at 110® with 40-50 g. 
of the acid. The decomposition products were dried and fractioned as 
usual through a column. 7 g. of these boiled at 78 83®. Most of the 
hydrocarbon, however, was found in a polymerized condition floating 
over the oxalic acid. These polymerization products smelled strongly 
of terpene-like substances. 

Conclusion. 

Glycols and unsaturated alcohols can be dehydrated to divinyl hydro¬ 
carbons. The decomposition is improved by using reduced pressures 
during the pyrogenetic dehydration at temperatures above 350®. 

Ditertiary a-glycols seem to be capable of dehydration to the diene-i^j 
hydrocarbons in presence of freshly reduced and finely divided catalytic 
metals. This reaction is made to take place at temperatures above 400®, 

I would like to express, here also, my indebtedness to R. B. Earle for 
assisting me in these investigations. 

Cambridob, Mass. 

NEW PROCESSES FOR THE PREPARATION OF BUTADIENE-x,3 
HYDROCARBONS. III. CATALYTIC DEHYDRATION 
OF HYDROXYL-COMPOUNDS. 

By L P. Kyriakxobs 
Received March 4, 1914 

Part I. Dehydration of Ditertiary Glycols. 

Pinacone, a ditertiary a-glycol, has been subjected to a great many 
reactions which are characteristic of substances containing hydroxyl 
groups. Whereas this glycol* is quite stable when heated to fairly high 

> Ber ., 41, 3744 (1908). 

• Organ. Chemie, Meyer-Jacobson, 2nd cd., Vol 1 , Part I, pp. 887. 

* Voriandtr, Ber,, 30, 2266 (1897), 







temperatures lu presence of alkaline compounds^ such as a solution of 
sodium carbonate, it is very readily attacked by acids or dehy<£rating 
agents to give rise to pinacoline. The halogen*hydrin and the dihalogen 
esters of pinacone are more or less readily obtained by the action of the 
halides of phosphorus in the cold. The action of halogen acids, on the 
other hand, is dependent on the character of the acid, its concentration, 
the nature of the solvent and also on the temperature of reaction. Baeyer^ 
has obtained the dibromide by treating anhydrous pinacone with a satu¬ 
rated solution of hydrobromic acid in acetic acid. Kondakoff* has pre¬ 
pared the dichloroester by treating the glycol at ordinary temperatures 
with an aqueous solution of hydrochloric acid saturated at —20®; or by 
saturating pinacone at —10® with hydrochloric acid gas and leaving the 
reaction mixture at ordinary temperatures for several days. In every 
instance, however, there is an appreciable amount of pinacoline formed. 
Kondakoff observes also that there is less pinacoline formed “the more 
concentrated the hydrochloric acid used is, and the more carefully heating 
during the reaction is avoided.** Harries® reports that, when a strongly 
cooled chloroform solution of anhydrous pinacone is saturated with dry 
hydrochloric acid gas, a quantitative separation of a crystalline substance 
takes place, which is very sensitive to the action of air. This substance 
was found to consist of the monohydrochloride of pinacone, an addition 
product, and is said to be very unstable, decomposing even at 55® with 
evolution of hydrochloric add gas. 

Dimethyl-2yj-butadiene-ifj, CH2 : C(CHs).C(CH3) : CH*. — Couturier* 
has observed that dilute sulfiu-id acid reacts with pinacone to give rise to 
small quantities, of dimethylbutadiene, the main decomposition product 
being pinacoline. 

Kondakoff* has carried out this reaction by heating pinacone with 10% 
sulfuric add, and obtained, besides the two products mentioned by Cou¬ 
turier, also a fraction of high boiling point. The main reactions in Cou- 
turier*s process take place as follows: 

< (CH,),C.CO.CH, -h HiO 

CHi : C(CH)i.C(CH 3) : CH, -f 2H,0. 

Couturier* has also obtained the hydrocarbon in small quantities by 
heating pinacone with acetic anhydride in sealed tubes. Kondakoff,^ 
on the other hand, prepared the same hydrocarbon by heating the dibrom* 

1 Ber., 26, 2563 (1893). 

* /. prakL Chem,, 62, 169 (1900). 

* Ann,, 383, 183 (1911)* 

* Ann. chim. phys., a6| [6] 485 (1892). 

• J, prakt. Chem,, 62^ 173 (1900). 

• Ann, ckm, phys., 26, [6] 437*-438 (1892). 

^ J, prakt, Chem,, 62» 170* 
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ide of pitiacone with alcoholic potassium hydroxide at 130-140®. These 
investigators have noted that j3,7-dimethyldivinyl is easily polymerized. 
Kondakoff,^ furthermore, discovered that part of the hydrocarbon, after 
heating it at i^^o® for 5 hours with alcoholic potassium hydroxide, was 
polymerized to a product whose “properties remind one of those of rubber 
or of the polymers of styrol.’* The solid product “consists of a leather-like, 
elastic mass of an almost white color, which is not volatile with steam, 
is insoluble in water; but is soluble in hydrocarbons, ether and alcohol.” 
In a later paper,* the same investigator reports briefly the results of further 
experiments on Uie polymerization of diisopropenyl. He sealed two sam¬ 
ples of the hydrocarbon; one sample was prepared from pinacone by Cou¬ 
turier’s sulfuric acid method, while the other was prepared by Kondakoff’s 
own method by the dehalogenation of the dibromo-ester of pinacone with 
alcoholic potassium hydroxide. The former preparation had been frac- 
tioned over sodium. The tubes containing the hydrocarbon were left in 
difi*used light for one year, at the end of which period both samples of the 
hydrocarbon were found to have solidified completely, Kondakoff states 
that the substance is amorphous and elastic like rubber, that it does not 
dissolve in the ordinary organic solvents, and only “swells up in benzol.” 
He also mentions that the product obtained in this case must have been a 
higher polymerization product as compared with the one obtained by the 
action of alcoholic potassium hydroxide at 150®, hence the difference in 
solubility in the ordinary solvents. I have reproduced here the most 
important parts of Kondakoff’s reports in support of his claim of having 
definitely proven that diisopropenyl at least could be made to polymerize 
to a rubber-like substance. Attempts have been made recently to dis¬ 
credit this claim of Kondakoff, on the ground that the products obtained 
by him are not to be regarded as true rubber, because the decomposition 
curves* of the diozonides of the “normal rubber” and the substance ob¬ 
tained by Kondakoff showed great variations. In justice, however, to 
Kondakoff be it said that he was able, as early as 1900, to observe a certain 
relation between his products and rubber, as there is undoubtedly some 
relation between them. It has been our experience that, with the possible 
exception of divinyl, the /9,7-dimethyl derivative seems to be the easiest 
to polymerize to a rubber-like substance by the action of heat and catatysts. 
By treating this hydrocarbon with 1% its weight of a catalyst and heating 
the mixture in metal receivers for three weeks at 100-115®, we have been 
able to obtain as high as 80% yield of a very tough and fairly elastic 
“rubber.” The physical properties of this “rubber” vary considerably 
with the temperature and duration of polymerization, as would be expected. 

' /. praht. Chem.t 6a, 175-176. 

* Ihid,» 64, 109 (1901). 

• Harries, Ann., 395, 265 (1913). 
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The fairly high boiling point of dimethylbutadiene, its ease of pol3rmeriza- 
tion, and its preparation from pmacone» which can itself be directly ob¬ 
tained by the reduction of acetone^ make the study of the hydrocarbon both 
interesting and highly desirable. A great many patents^ have appeared 
during the last few years dealing with the dehydration of pinacone to the 
hydrocarbon. One of the most important of the processes,^ patented by 
the Badische Anilin Fabrik of Germany, is the pyrogenetic decomposition 
of the glycol by dehydrating catalysts. A great many patents have been 
granted to the Elberfelder Farbenfabriken,* which are based on improve¬ 
ments of Couturier's method for the dehydration of pinacone in the wet 
way by heating it with dilute sulfuric acid. The chemists connected 
with this firm have discovered that the yields of hydrocarbon increase 
as the amount of the acid is diminished, in fact, by using traces of the acid 
they have been able to obtain as high as 70% of the theoretical yield of 
diisopropenyl. The same investigators have also generalized this ob¬ 
servation so as to include the organic sulfonic acids. Furthermore, the}^ 
have observed that acid salts of sulfuric acid such as potassium bisulfate, 
and normal sulfates which react acid, can also be used in effecting the 
deh3rdration of pinacone to the hydrocarbon. 

In view of the work reported in this paper, the decomposition of glycols 
and alcohols to hydrocarbons in the wet way is not a simple dehydration 
in the usual sense of the expression in that it is produced by substances 
known generally as dehydrating agents, such as sulfuric, phosphoric and 
oxalic acids or zinc chloride. It is my belief that the dehydrations men¬ 
tioned here are the result of a previous esterification, and are effected only 
by acids having* a high ionization constant. Phosphoric and oxalic acids, 
weak acids,* which are usually spoken of as strong dehydrating agents, 
transform pinacone to pinacoline. Halogen acids, on the other hand, are 
not usually known as inducing the dehydration of alcohols or glycols. 
Being strong adds, they are well suited for esterification purposes, as is 
known to every one. These acids, as will be described soon, have been 
discovered to be capable of catalyzing hydroxyl substances to the hydro- 
carbotis under certain conditions. These halogen acids, and espedally 
hydrobromic and hydriodic adds, being susceptible of greater dissodation, 
are perhaps better adapted for the catalytic decomposition of pinacone 
to the hydrocarbon than straight sulfuric add. It has been observed* 
that the halogen esters of pinacone are only obtained if the glycol is treated 
in the cold with concentrated halogen adds, and that warming of the liquid 

' D. R. P. 235,311; Chem, Zentr,, X9ZX, II, 112; Fr. Pat. 417,275; C. A., 6, 254S 
(1912). (The abstract in the C. A, needs correction. The French word ''Alutitine*' 
has been translated ^'Alumuium” instead of Alumina —^aluminum oxide.) 

* U. S. Pat. 1,002,399, 1,002,400; Chem. Zentr., 19 x 2 , H, 776, etc. 

* Vorl&nder, Ber., 30, 2266 (1^7). 

* Compare also Ddacre, BuU. sac. chim., [4] 3, 204 (1908}. 
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in presence of the excess of acid induces the formation of increasing quanti¬ 
ties of pinacoline. We have discovered, however, that if pinacone is 
heated with very small amounts of any highly ionized acid, other than 
sulfuric acid and its derivatives, whose action was studied by the German 
chemists as noted above, the yield of hydrocarbon is very good. Acids, 
such as nitric acid which induce secondary reactions as oxidation, are not 
suited for the catalysis of hydroxyl compounds. The pinacone used in 
the following experiments was prepared by distilling the hydrate through 
a column until the temperature of the vapors attained 115®, and the 
residue was taken as practically anhydrous glycol. 

Experiment j.—Five hundred grams pinacone are put in a flask carrying 
a two-hole stopper one of which is fitted with a dropping funnel and the 
other with a fairly tall Young's column. The colunm is provided with a 
thermometer. The glycol is treated with 1-2 g. of hydrobromic acid 
solution (48%), and the mixture heated to boiling over a wire gauze. 
The heating is so regulated that the decomposition products distilling 
through tlie column do not register a temperature higher tlian 92®. 

The reaction is carried out at constant concentration of the catalyst 
by dropping in fresh pinacone through the dropping funnel. This reaction 
lasts for quite a long time. In case it is obvServed to slow down, a fraction 
of a gram of hydrobronvic acid is added and the decomposition of the glycol 
continued as long as desired. The slowing down of the reaction is due to 
the fact tliat some of the acid is gradually carried over by the distilling 
vapors, as was determined by testing the aqueous layer of the distillate. 
Two grams of the hydrobromic acid solution are capable of decomposing 
over 500 g. pinacone. The distillate is separated from the aqueous layer 
and the crystals of pinacone hydrate (pinacone is very volatile with steam) 
shaken twice witli fresh water, dried over calcium chloride or potassium 
carbonate, and is finally fractioned through a column. The fraction 
boiling below 90® is refractioned, and the liquid boiling at 69-71° is col¬ 
lected as dimethyl-2,3-butadiene-i,3. The yield of hydrocarbon in this 
case was over 70% of the theoretical. The by-products of the reaction 
are mainly pinacoline, and a small amount of a liquid of high boiling point, 
which deposits big prismatic crystals on standing. The nature of the 
latter liquid and the crystals were not determined. Hydrochloric acid 
does not react well, which may be due to the relative ease with which it is 
volatilized, as can be proven by testing the distillate. In using this acid 
the reaction can be made to continue by the frequent addition of the add, 
which, however, induces the formation of greater quantities of pinacoline. 
Hydriodic acid is as good a catalyst as hydrobromic acid. By treating 
50 g. of pinacone with 5-7 drops of hydriodic acid solution, and carrying 
out the distillation of the decomposition products at constant concentra¬ 
tion of the add, I was able to obtmn atxmt 70% of the theoretical yield 







of dunetbylbutadiene. Trichloroacetic add is one of the strongest organic 
acid$» its dissociation constant approaching that of the strong inc^ganic 
adds. 

Experiment II. —^Twenty-five grams of pinacone were put in a small 
flask, the apparatus being similar to the one used in Experiment i, and the 
glycol decomposed by the action of about i g. trichloroacetic acid at 170- 
180®. The flask was heated in an oil bath. A good way to determine the 
amount of catalyst necessary to effect a fairly rapid decomposition is to 
heat the pinacone and to add the catalyst in small portions until a smooth 
reaction sets in, care being taken to avoid introducing an excess of the 
catalyst, otherwise the tendency will be in the direction of the formation 
of pinacoline. 

The decomposition products, in this case, distilled over at about 90®. 
The reacticm was not of long duration, hence I had to add fresh trichloro¬ 
acetic acid at frequent intervals. The decomposition of 25 g. pinacone 
required about 4 g. of the acid. The action of trichloroacetic acid may be 
due to the hydrochloric acid set free by the decomposition of the organic 
add at the rdatively high temperature of reaction. This view is supported 
by the fact that testing the water of dehydration with silver nitrate gave 
a flocculent precipitate, which was evidently silver chloride. The purified 
hydrocarbon amounted to about 50% of the theoretical. 

The fact that highly ionized adds induce the decomposition of pinacone 
in the wet way to the hydrocarbon has led us to assume that the salts of 
these acids with weak alkaline substances would react similarly. It is a 
matter of general knowledge that such salts react acid. It would follow, 
therefore, that the acid liberated after dissodation would play the role 
of catalyst. The weaker the base in combination with the acid, tlie more 
active will the salt be. Among such salts might be mentioned the aniline 
salts of the halogen adds. Nemst,^ in a table of the affinity constants of 
the weak bases, gives the constant for the aniline base—NH»(CeH6)OII—^as 
Kio® = 0.00011, as compared with ammonia, whose constant is given as 
Kio* « 23. The affinity constants are directly proportional to the dis¬ 
sociation constants. It is evident that the aniline base is a much weaker 
base than ammonia, which is itself known as one of the weak bases. Be¬ 
cause of this fact, the halogen add salt of aniline reacts like the free add. 

Experiment III. —1.5 kilo pinacone were introduced in a 2-liter flask 
provided with a column and a dropping fuxmel. The glycol was then 
treated with about 20 g. aniline hydrobromide and decomposed by heating 
the flask on a wire gauze. The heating was regulated so that the vapors 
of the decomposition products registered a temperature of about 90® 
and the concentration of the catalyst was kept constant by dropping in 
fresh pinacone. Twenty grams of aniline hydrobromide were suffident 
^ Tlieoreticsl Chemistry,'’ English traaslatioa, 6th ed., p. 5x3. 
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to catRlyze more than 3 kilos of the glycol. The reaction can be con¬ 
tinued indefinitely by adding small quantities of the salt or of the acid in 
case it is observed to slow down. This reaction is very smooth and ideal 
for laboratory as well as technical purposes. The distillate was treated 
as under Experiment I, and we obtained over 70% of the theoretical yield 
of ditnethylbutadiene. 

Experiment IV. —^I'wenty grams of pinacone were heated and treated 
with small portions of anhydrous ferric chloride until a fairly smooth 
reaction had set in. It was found necessary to add fresh salt at frequent 
inteiyjals, otherwise the reaction had a tendency to stop. Ferric hydroxide 
accuii^ulated in the reaction flask, while the hydrochloric acid kept dis¬ 
tilling over with the decomposition products. The purified hydrocarbon 
amounted to about 359?, the rest being mostly pinacoline. 

Experiment V .—Twenty grams of pinacone were heated and treated 
gradually with small quantities of anhydrous aluminum bromide until 
the glycol began to be decomposed smoothly. The apparatus was similar 
to the one used in all these experiments. The reaction, as was expected, 
was found to be comparable with the straiglit hydrobromic acid catalysis. 
In this case aluminum hydroxide precipitates out of the reaction mixture. 
The decomposition was carried out as usual at constant volume by the 
introduction of fresh pinacone. In view of the above-mentioned behavior 
of the salts of tlie halogen acids with weak bases, it occurred to me that 
even some of the halogen esters of alcohols and glycols might act similarly. 
It is known, that the tertiary groups are characterized by their great mo¬ 
bility, and that tlie tertiary esters are easily hydrolyzed liberating the free 
acid; they also suffer pautial decomposition at high temperatures, whereby 
the halogen acid is again set free. 

Experiment VI .—Fifty grams pinacone were treated with a fraction of 
a cubic centimeter of trimethylethylene dibromide, which was freshly 
prepared by shaking it with a solution of sodium carbonate, drying and 
carefully fractioning in vacuv. The mixture was heated as usual, and the 
decomposition products worked up for the hydrocarbon. The yield of 
dimcthylbutadiene was about 35%. It may be possible to regulate the 
relative quantities of these catalysts so as to obtain a maximum yield of 
the hydrocarbon. However, thexe is always a concentration of the catalysts 
below which no reaction takes place; while on the other hand, and this is 
true of the ditertiary a-glycols, when the concentration of the catalyst 
reaches beyond a certain maximum, the tendency is in the direction of 
pinacoline formation. 

Part II. Dehydration of Secondary*Tertiary and Disecondary Glycols. 

I. MethyU2-peniadiene-2,4, (CH8)2C : CH.CH : CH2.—^This hydro- 
carbbn is of especial interest, because it is, p^haps, the easiest of all the 
divmyl hydrocarbons to synthesiase. Its pbydeal constants are such as to 
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make its handling a matter of the greatest simplicity. Comparitig this 
hydrocartxm with its isomer dimethyl-3,3-butadiene-i,3, w« find tlmt the 
new hydrocarbon has a higher boiling point, and that its preparaticm is 
simpler and the yields more nearly quantitative. The starting point in the 
synthesis of both hydrocarbons is acetone. The new hydrocarbon is 
obtained as follows; Acetone is condensed to diacetone alcohol, the latter 
is reduced to the corresponding glycol, and this is finally dehydrated directly 
to the hydrocarbon. The 3rields in each step can be made very nearly 
quantitative. For the condensation of the itetone to diacetone alcohol 
see Hoffman, ‘ and my paper on ‘ ‘Organic Preparations. ’ ’ Diacetone ^oihol 
can be easily reduced to the glycol in a number of ways. By redtn^g it 
electrolytically we have obtained as high as 70% of pure glycol from a 
crude sample of diacetone alcohol. Zelinsky and Zelikoff^ have reduced 
the ketone alcohol in fairly dilute aqueous solution with a 3% sodium 
amalgam, and have obtained 87% of the theoretical yield. The side- 
products formed in each step are comparatively small in amount. The 
reduction, on the other hand, of acetone to pinacone is not as readily 
effected. The electrolytic methods* do not give good results. The use 
of magnesium and aluminum* amalgams necessitates the increase in the 
cost of production, and the side products formed are appreciable in quan¬ 
tity. Besides, there is the problem of handling these side products, the 
working back of the metal oxides and the recovery of the mercury which 
necessarily would tend to make the process more complicated. There is 
also this point to be remembered, that the decomposition of pinacone is 
not as quantitative a reaction as that of its isomer, methyl-2-pentandiol-2,4. 
This latter glycol was used in the following experiment, and was prq>ared 
by the electrolytic reduction of diacetonealcohol. 

Fifty grams oi the glycol were cataljrzed as usual by heating it with 
about I g. aniline hydrobromide. The mixture was heated at such a rate 
that the products distilling through the column registered a temperature 
below 95°. 340 g. more glycol were dropped in, and the decomposition 
finally carried to an end, until a few cubic centimeters only were left in 
the flask. The distillate was separated from the water, shaken twice with 
fresh water, dried over potassium carbonate and fractionated through a 
column. The fraction bmling below 90° (mostly 75-80°) was collected 
as hydrocarbon, and amounted to about 50% of the theoretical 3rield. 
The higher boiling fraction distilled over practically entirely between 
110-135°, mostly above 135°, and, as will be seen later, consisted an 
unsaturated alcohtd. The hydrocarbon fraction was refractioned and the 

* This JODanai* $t, 72a (1909). 

* Btr ., 34,285& (1901). 

' Woa and Bnmd. Z. 9, 783 (i9o>): Ckm. Zmk., tva, il, 1736. 

* D. R, 341,^; Chm. Zmik., tfo, 1 ,176. 
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methylpeutadiene was found to boil constant at 75.5-76.5®. As there is 
a possibility for the formation of the isomer, methyl-2-pentadiene-i,3, a 
small quantity of it may have been present in the hydrocarbon obtained 
above. This isomer, as will be described later on, boils at 76*-77®, hence, 
the separation of the two hydrocarbons by fractional distillation is not 
possible. The dehydration of the methylpentandiol would have taken 
place as follows, with the first equation denoting, very probably, the course 
of the main reaction: 


CH 8 .C(CI 1 .)(OH).CHj.CH(OH).. 


^2HjO -f (CH|)jC : CH.CH . CHj(methyl-2-pentadieiie-2-4) 

cH.r 

^ 2 H ,0 + CH« : C(CH,).CH : CH.CH, (methyl-2-pentediene-i,3) 


That tlie first is the main reaction is supported by the general observa¬ 
tion that there is more tendency for a tertiary hydroxyl to come off with 
a secondary rather than with a primary hydrogen atom. This is, for ex¬ 
ample, true of tertiary amyl alcohol, whose dehydration results in the forma¬ 
tion of trimethylethylene; while only small quantities of the isomeric 
methylethylethylene (CH2 : C(CH3).CH2.CHs) are obtained. The re¬ 
action witli the glycol would then proceed in two steps, the first step being 
the formation of the unsaturated alcohols as follows: 


CHi.CfCH 3 )(OH).CH 2 .CH(OH). 

^IhO -h (CH8)2C : CH.CH( 0 H).CH 8 (methyl-2-penten*2-o/-4) 
CHaf 

-f- CH2 : C(CH 8 ).CHaCH(OH).CH, (methyl-2-penten-i-o/-4) 
The high boiling fraction from the catalysis of methylpentandiol, boiling 
above no® and amounting to about 50% of the tlieoretical yield of the 
glycol used, consisted, in all probability, mostly of methyl-2-penten-2-oi-4 
with perhaps only small quantities of methyl-2-penten-i-(?/-4.' As the 
glycol discussed here is not of the a-type, the quantity of the catalyst 
can be varied within fairly wide limits without any fear as to the course 
of the reaction. It can be said in general that the catalytic dehydration 
of ditertiary a-glycols is a much more sensitive reaction tlian that of the 
secondary-tertiary and disecondary / 3 -glycols. 

Glycols containing a primary hydroxyl, such as butandiol-1,3 cannot be 
dehydrated to the corresponding divinyl hydrocarbon by the methods 
described in this paper. This is undoubtedly due to the stability of the 
primary halide. These glycols are dehydrated to some extent giving rise 
to appreciable quantities of the unsaturated primary alcohols as follows: 

HCR(0H)CHR.CH20H - HCR : CRCH2OH + H2O. 

* There is a possibility for the formation of two other isomeric unsaturated alcohols 
with a tertiary hydroxyl group. However, as tertiary hydroxyl groups are much more 
mobile than the secondary, the quantities of these tertiary alcohols would be insignificant 
even if present. All four iaom^c alcohols would give, on dehydration, the two hydro¬ 
carbons which are discussed above, and none other. 
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I have also tried to ddbydrate trimethykAhyleiie glycol—'(CHt)tC(OH).* 
CH(OH).CHj[—a tertiary-secondary a-glycol, in a similar manner to feo- 
prene, but the results were of k negative nature. 

Polymerization of Methyl-z-pentadieHe-2,4. —Several cubic centimeters of 
the dry hydrocarbon were introduced in a sealing tube and treated with a 
few pieces of sodium. The air in the tube was displaced by carbon dioxide, 
the tube was sealed and left in the steam bath. After two days the liqtiid 
was found to have solidified. This solid substance was treated according 
to the directions of Harries, ‘ and was found to have rubber-like properties. 
This fact would be in support of the assumption that the hydrocarbon had 
conjugated double bonds. 

II. Dehydration of a disecondary ^-glycol. —The simplest representative 
of a disecondary fi-glycol ispentandiol-2,4-CHjCH(OH).CHi.CH(OH)CHs. 
This substance is very easily obtained by the electrol}d;ic or amalgam 
reduction of hydracetylacetone, CHs.CH(OH).CHs.CO.CH|. 

Piperylene-pentadiene- 2 , 4 . —^Twenty grams pentandiol were treated with 
about I g. hydrobromic add solution, and decomposed as above described. 
The reaction was carried out by the addition of fresh glycol, and small 
amounts of the acid, whenever the reaction was observed to slow down. 
The catalysis was discontinued when the distillate amounted to about 6o 
cc. This was separated from the water of dehydration, shaken twice with 
a.little cold water, dried over potassium carbonate and fractioned through 
a Young’s column. Twenty-five cc. of the liquid distilled over below 6o®, 
while the residue amounted to i8 cc. This residue boiled between 115- 
125°, and consisted evidently of pentene- 2 -( 7 i- 4 , the partial dehydration 
product of the glycol. Grignard* gives the boiling point of this unsaturated 
secondary alcohol as i20-i22*. The crude hydrocarbon fraction boiling 
below 60” was refractioned, and the hydrocarbon collected as piperylene 
boiling at 42.5-45“, mostly 43-43.5“, amounted to 18 g. It is seen that 
the yield of the hydrocarbon was at least 50%. The 3deld can probably 
be increased by a careful study of the conditirms of cataljrsis. 

It is evident now that ditertiary, tertiaiy-secondaxy and disecondary 
glycols, with the exception‘of the a-isomers in the last two cases, can be 
d^ydrated to the correspondi^ divinyl hydrocarbons by the catalytic 
action of small quantities of halogen adds or their derivatives, whidi on 
dissociation liberate these adds. The mechanism of these reactions may 
be explained simply by the following equations: 
(CH,)jC(OH).CHj.CiI(OH)CH, + HX - 

(CH,),CX.CH,CH(OH).CH, + H, 0 . 
(CH3),CXCHiCH(OH).CHi - (CHi)iC : CH.CH(OH)CH, + HX. 

* Ann ., 385,317 (i 9 (r)- 

* Ann . ekim . ^ tys ., {7] 34,465 (i9ot). 
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This reaxlioxi explains the presence of the considerable quantities of the 
unsaturated alcohols among the decomposition products of the glycols. 
Part of this unsaturated alcohol is esterified and subsequently dehalogen- 
ated to the hydrocarbon. As the water formed in the reaction keeps 
distilling over with the hydrocarbon and some of the alcohol, it could not 
play a prominent part in influencing the course of the reaction. The last 
steps in tlie dehydration of the glycol may then be represented as follows: 

(CH8)C : CH.CH( 0 H).CH 8 + HX = (CiysC : CH.GHX.CH3 + H2O. 

(CH3)2C : CHCHX.CH8 = (CH3)2C : CH.CH : CH2 + HX. 

This course of the reaction is supported by the observations of Charon^ 
on the reactivity of the hydroxyl of crotonyl alcohol. Charon observed 
that buten-2-o/-i is very easily esterified by the halogen acids, even in 
the cold, and that these same acids, contrary to their usual action, did not 
have any appreciable tendency to add at the double bond. In fact, the 
reactivity of the hydroxyl group is such that the esterification “is almost 
immediate, reminding one of the precipitation of a salt" and that the 
reaction “ is much more easy and energetic than in the case of the corre¬ 
sponding saturated compounds." These derivatives of tlie alcohols are 
fairly unstable, reminding one of the halogen derivatives of carboxylic 
acids. “These facts are due to the electronegative character of the mole¬ 
cule, and it must be remarked that this character is much more accentuated 
for the propenyl group—CH3.CH : CH—than for the vinyl group—CH2:- 
CH." In crotonyl alcohol the hydroxyl group and the double bond are 
in the /^-position to each other, which is also true of the unsaturated 
alcohols discussed in this paper, with this difference that the halogen 
esters formed in the latter case, being derivatives of secondary and tertiary 
alcohols, would be less stable at the temperature of reaction, and hence 
they are readily dehalogenated to the corresponding diethylenic hydro¬ 
carbons. This reasoning would probably be true in considering the 
mechanism of the dehydration of dit€rtiary a-glycols, where the partial 
dehydration product would be of the type of dimethylisopropenylcarbinol, 
(CH8)2C(0H).C(CH8) : CH2. In this case, however, because of the 
molecular structure, part of the alcohol may be metamerized to pinacoline 
under the influence of the acid reacting catalyst. That dimethyliso- 
propenyl carbinol would be dehydrated to the hydrocarbon is made evident 
by the observation of Mariutza,* who obtained the hydrocarbon by heating 
the alcohol on the water bath with very dilute hydrochloric acid (0.1%). 
It would be interesting to know if Mariutza obtained any pinacoline in 
this reaction, as there is no mention made of the formation of other definite 
substances. 

* CompL rend ,, 238, 736 (1899). 

* J. Chem , Sec ,, 58, 728 (1890). 
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Put IIL Deh^dmikMi of Uiiaatorited Alcohols. 

Me0iyh2-pentadiene-2,4 .—^The unsattirated alcohol used in this reaction 
was that obtained by the partial dehydration of methyl-s-^pentadiol-s^. 
It has been noted above that the catalysis of this glycol results in the 
formation of approximately equal quantities of the hydrocarbon and the 
alcohol. The boiling point of this alcohol, (CH8)2C : CH.CH(OH).CH 8 , 
was found to be 130®. It is not necessary to purify the alcohol in case it 
is obtained from the glycol. The residue from the hydrocarbon, boiling 
above no®, is dehydrated directly in the usual form of apparatus de¬ 
scribed above. Twenty-five grams of. methylpentenol are treated with 
about 0.5-1 g. hydrobromic acid solution (aniline hydrobromide can be 
used with very good results) and the decomposition carried out at such a 
rate that the vapors distil over below 95®. Fresh alcohol is dropped in 
and the reaction continued as long as desired with the addition of small 
amounts of the catalyst in case the reaction slows down. The distillate 
is treated as under the glycol and the hydrocarbon purified by fractional 
distillation. The higher boiling fractions containing unchanged alcohol 
are catalyzed again. By repeating this process it is possible to decompose 
the imsaturated alcohol almost quantitatively to the hydrocarbon. As 
the alcohol was obtained from methyl-2-pentandiol-2,4, it follows that the 
dehydration of the glycol can be made nearly quantitative. I would 
mention here, that the hydrocarbon (see under the glycol) was polymerized 
by Harries’ sodium process to a rubber-like substance. 

Methyl'2’pentadiene-i,3, CH* : C(CH3).CH : CH.CHs.*—This hydro¬ 
carbon was mentioned in the discussion of the catalytic dehydration of 
methyl-2-pentandiol-2,4. It was observed that this isomer of methyl- 
2-pentadiene-2,4 might have been formed in small quantities in the de¬ 
composition of the glycol. The unsaturated tertiary alcohol used in this 
experiment was obtained, as noted in a previous paper, by the interaction 
of methylmagnesiumiodide and ethylideneacetone. The catalysis was 
carried out as usual using 0.2--0.4 g. of aniline hydrobromide in dehydrating 
40 g. of the alcohol. This amount of the salt would have been sufficient 
to decompose much greater quantities of the alcohol, had it been necessary 
to do so. The reaction in this case, as in the last, was extremely easy and 
smooth. The distillation of the decomposition products took place below 
85 ®. The distillate was treated as usual, and fractioned through a column. 
70% of the liquid distilled over below 85®, mostly at 76-79®. This was 
1 Harries (Brr., $4^ 301-302) reports that he obtained this hydrocarbon by heating 
the phosphate of (CH,)jC(NHi).CH2.CH(CH»)NH8. He gives its b. p. as 75 - 77 ®^ 
As the diamino compound is a derivative of methyh2-pentandiol-2,4, if the discussion 
of the mechanism of the dehydration of the glycol holds true in the case of the diamino 
compound, the hydrocarbon of Harries must have been of the same nature as that oib- 
tained from the ^ycol, and must have consisted to a greater extent of methyl-a-pentap 
diene-2,4. 
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Pefractioned and the hydrocarbon was found to boil at 76-77°. The 
residue, about 30%, was found to consist of the unchanged alcohol, and 
was dehydrated again. The total residue from this reaction that resisted 
dehydration did not amount to more than i g., and was found to consist 
of methylisobutylketone, which had been formed in the preparation of 
the alcohol in the Barbier-Grignard reaction.^ The dehydration of the 
alcohol took place, most probably, according to the following equations: 

CHa.CH : CH.C(CH,)2(OH) + HX = CH3.CH : CH.C(CH3)2X + H2O. 

CH3.CH : CH.C(CH3)2X = CHa.CH : CH.CCCHs) : CH2 + HX. 

Gry* states that the hydrocarbon obtained by him from the same alcohol 
by the action of acetic anhydride or acetylchloride, and boiling at 76-79°, 
“precipitates mercuric chloride in an aqueous solution, it is therefore 
probably, an allene, and must consequently possess the formula CH3- 
CH : C : C(CH3)2; it would be therefore identical with trimethylallene 
of Ipatieff.” Ipatieff® obtains the latter hydrocarbon, as is usual with 
such compounds, by the dehalogenation of methyl-2-bromo-3“penten-2, 
by heating this substance with alcoholic potassium hydroxide at 150°. 
The reaction took place as follows: (CH3)2C : CBr.CH.CH3 — HBr = 
(CH8)2C : C : CH.CH3. 

In every instance where the dehydration of unsaturated alcohols to 
diolefines has been studied, it has been observed that the hydrocarbons 
contain conjugated double bonds. I do not know of a single case where 
it has been conclusively proven that the hydrocarbon obtained was not 
of the butadiene-1,3 type. The fact that a number of hydrocarbons ob¬ 
tained from the glycols and the alcohols mentioned in this paper were 
capable of polymerization to rubber-like masses, together with the ob¬ 
servations of Reif,** Abelmann,® etc., force me to believe that the hydro¬ 
carbon obtained in this experiment also was none other than the divinyl 
derivative. 

Isoprene, —About 10 g. methyl-3-buten-i-o/-3, (CH3)2C(OH).CH : CH2, 
were treated with about 0.5 g. aniline hydrobromide, and the decomposition 
carried out as usual. Fifteen grams more of the alcohol were gradually 
dropped in, and the reaction continued until finally about 3 cc. of a liquid 
were left in the reaction flask. This liquid consisted mostly of the water 
of dehydration; while the insoluble organic layer was less than i cc. The 
catalysis was very smooth, and the reaction products distilled over below 
80°. This reaction does not seem to induce any appreciable dimerization 
of the hydrocarbon, as is the case when the alcohol is treated with the 

^ See my paper on *'Barbier-Grignard reactions.'' 

* Bull . soc. Mm ., [4] 3, 379 (1908). 

» /. prakl. Chem., 59, 535 (1899). 

« Ber., 41, 2739 (1908). 

» Ibid., 43, 1574 (1910). 
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usual '^dehydrating*’ adds, such as oxalic and {Phosphoric adds. The 
decomposition products were dried over potassium carbonate and sub¬ 
mitted to fractionation. Half of the liquid boiled constant at 35.5®^ 
while the rest distilled over mostly at 97®, leaving practically no residue 
boiling above 100®. It is evident, therefore, that this high boiling fraction* 
consisted of the unchanged isoprene alcohol, which was used over again. 
The side products are very little in amount, and may be due to impurities 
in the methylbutenol used. The fact that the hydrocarbon boiled constant 
at 35.5® is evidence of the purity of the isoprene. 

Sodium isoprene rubber .—^The hydrocarbon obtained as isoprene was 
treated in a small bottle with a few pieces of sodium, and left at room tem¬ 
peratures in diffused light, after stoppering well the bottle. The hydro¬ 
carbon soon began to show signs of thickening and contraction, and within 
one week was found to have solidified. The bottle was then heated at 
60® for several hours, and its contents were immediately afterwards treated 
according to the directions of Harries.* We thus obtained a good yield 
of a tough and elastic rubber-like substance. 

As both tertiary and secondary unsaturated alcohols are catalyzed to 
the corresponding diethylenic hydrocarbons, it is to be assumed that even 
methyl isopropenyl carbtnol, treated as above with small quantities of a 
catalyst, will be decomposed to isoprene as follows: 

CHa : C(CH 8 ).CH( 0 H).CH, + HX - CH2: C(CH3).CHX.CH3 + H2O. 

CH2 : C(CH,).CHX.CH8 = CHj : C(CH3).CH : CH8 + HX. 

There is a German patent,* assigned to the Elberfelder Farbenfabriken, 
which deals witb the preparation of isoprene from methylisopropenyl 
carbinol. The reaction is carried out by treating the carbinol “with 
dehydrating agents, such as potassium bisulfate, mineral acids, zinc chloride, 
anhydrous oxalic add, etc.” The examples given comprize heating the 
alcohol with oxalic acid, distilling it over potassium bisulfate, and treating 
it in the cold with phosphorus pentachloride. It is known® that these 
methods seldom give very good results. In every case there is more or less 
di- and poly-merization of the hydrocarbon formed. 

The process described in this paper are entirely new, never used before 
in the dehydration of glycols or unsaturated alcohols to butadiene-1,3 
hydrocarbons. The only cases that might be taken as somewhat similar 
are two: the first case relates to the dehydration by Mariutza^ of dimethyl- 
isopropenylcaxbinol^ a tertiary alcohol, which was carried out by boiling 
the carbinol with veiy dilute aqueous hydrochloric acid (0.1%). The 

^Ann., 383, 217 (19**)* 

* Ditmar, *'Die Synthese Aes Kautschuks,” p. 70; J. Soc. Chm. Ind,, 30, 1230 
(1911); C. A., 6, 2554 

’ Retf. Ber., 41, 2743; Abdmaiin, Ibid., 43,1577. 

^ J, Chm. See., $8, 728 (1890). 
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second case is that reported by Abelmann,^ who observes that in attempting 
to esterify the unsaturated alcohols, obtained by the interaction of tiglic 
aldehyde and organomagnesium compounds, by Norris* method using 
hydrobromic acid, he obtained the hydrocarbon instead. The esterifica¬ 
tion method of Norris consists in heating one part of the alcohol with 2-3 
parts of the equivalent amount of a constant boiling mixture of hydro¬ 
bromic acid and water. This means that the reaction being carried out 
in presence of a large excess of the acid, the hydrocarbons obtained by 
Abelmann will be partly acted upon by the acid to give rise to brominated 
derivatives. In fact, although Abelmann obtained a fair yield of the di¬ 
vinyl hydrocarbon, he states “the drawback of this method consists in 
that the hydrocarbon is made impure to a greater or less degree by bromides 
or even bromine, the complete elimination of wdiich offers certain 
difficulties.** From the final yield of the purified hydrocarbon 
which he obtains (60%), it is easy to see that the process of Abelmann 
is far from being ideal By means of the processes I have described in 
this paper it is possible to obtain a very pure hydrocarbon by a simple 
fractionation. The by-products consist practically entirely of the un¬ 
saturated alcohols, which can be dehydrated likewise to the hydrocarbon, 
so that the final yield of the hydrocarbon, in most cases, approximates 
the theoretical. The amount of catalyst used is in most cases insignificant 
as compared with tlie quantity of substance dehydrated. The method 
described above is not operative in the case of unsaturated primary 
alcohols, which behavior is due to the fact that the primary esters are 
stable at the temperatures of reaction. 

Part IV. Dehydration of Saturated Tertiary Alcohols. 

Although this cliapter, properly speaking, does not come under the head¬ 
ing of butadiene- 1,3 hydrocarbons, I take the liberty to insert it here, be¬ 
cause of the similarity in the processes used. The success in dehydrating 
glycols and unsaturated alcohols, led me to consider the possibility of a 
similar catalysis of saturated alcohols in the wet way. Tertiary alcohols 
are distinguished from the primary and secondary alcohols by the com¬ 
paratively greater reactivity of their hydroxyl group. Among the known 
methods’ for the generation of olefines by the direct dehydration of alcohols 
in the wet way, we have the reactions which consist in heating the alcohols 
with dehydrating agents, such as sulfuric, phosphoric and oxalic acids, 
zinc chloride, etc. Tertiary alcohols are known to suffer dehydration in 
many esterification processes. Thus, when dimethylisopropyl carbinol, 
(CHs)8C(OH)CH(CH3)2i is made to react with acetic anhydride in pres¬ 
ence of a few drops of concentrated sulfuric acid or a little zinc chloride, 

1 Ber„ 43,1377-1578, 1387 (1910). 

• Am, Chem, 38, 63a (1907). 

• ‘'Lchrbuch/* Mcjrcr-Jacobaon, and cd., part I, pp. 816, 817, 819. 
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it it dehydrated to a ipixture of tmsa^irated hydrocarbons, tetramethyl* 
ethylene, and methylisopropylethylene* Tertiary amyl alcohoP is tdso 
easily dehydrated to the olefine by the action of a solid organic acid and 
phosphoric acid. The best method known .is that of heating the tertiary 
carbinol at 60-70° with oxalic acid. The hydrocarbon obtained in th}s 
way is said to be pure trimethylethylene. Kondakoff,^ on the other 
hand, states that the hydrocarbon obtained by the dehydration of tertiary 
amyl alcohol, always contains some of the isomeric methylethylethylene, 
CH2 : C(CH8 ).CHj,CHj. Wolkoff* in a report on the action of acids 
and their esters on alcohols at high temperatures, refers to the unfinished 
work of BugajefI, in which the latter observed that very small amounts 
of any acid or ester induced the dehydration of secondary butyl alcohol 
to d-butylene. WolkofF, on the basis of Bugajeff's observation, under¬ 
took the systematic study of the alcohols and discovered that secondary 
alcohols when heated in sealed tubes to above 200°, either alone or in pres¬ 
ence of small amounts of acetic acid and its derivatives, did not suffer any 
change. On the other hand, if secondary and tertiary alcohols were heated 
to a little above 200® in presence of traces of a halogen acid or a halogen 
ester, they were decomposed completely to the corresponding hydrocarbon 
and water. Hydriodic acid and methyliodide were found to be the best 
agents to effect this dehydration. Tertiary alcohols naturally reacted 
more violently than secondary alcohols. Primary alcohols when heated 
with methyUodide were etherified. 

The action of halogen acids on alcohols at their boiling point is that of 
esterification. Norris,^ in the paper previously alluded to, observes that, 
when tertiary butyl alcohol is made to react with concentrated hydrochloric 
acid in the cold, the chloro ester is formed in quantitative yield. The 
corresponding bromo- and iodoesters are obtained if the tertiary alcohol 
is heated with an excess of the constant boiling mixtures of the hydrobromic 
and hydriodic acids with water. As far as is known to me, there is no 
indication in the literature that tertiary alcohols can be dehydrated by 
the action of halogen adds or their derivatives at temperatures below 200®. 
According to my discovery, saturated tertiary alcohols can be dehydrated 
similarly to the glycols and unsatnrated alcohols. 

Trifnethylethylene, (CH8)tC : CH.CH|. Experiment L —^The apparatus 
used was similar to the one described in Experiment I of Part I. Fifty 
grams of dimethylethylcarbinol were treated with about 3 cc. hydriodic 
add solution, boiling at 125®, and the mixture heated over a wire gauze. 
The decomposition products distilling through the column showed at 

' Ber., 26, Ref. $42 (lS93)- 

* 7 . praht. Chem., 54, 454 (1896). 

* Chem. Zentr., 1890, 11 , 41. 

^ Am. Chm, X, 3S, 631, 632 (1907)^ 
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first a temperature of about 50®, which was evidently due to the fact tliat 
the distilling products consisted mostly of the hydrocarbon. As the ac¬ 
cumulation of the water of dehydration progressed, the temperature of 
the vapors increased and water and some alcohol began to come over. 
T^e highest temperature registered by the vapors was 80®. The reaction 
was continued by dropping in fresh alcohol. The distillate was separated 
from the water, dried over potassium carbonate, and fractioned through 
a column. The fraction boiling below 50®, and amounting to over 50^ 
of the dried product, was refractioned, and the liquid boiling at 36-40® 
was collected as trimethylethylene. The higher boiling fractions consisted 
entirely of the unchanged tertiary alcohol and could be used over again. 
The dehydration of dimethylethylcarbinol can therefore be made quanti¬ 
tative by this process. The only products left in the flask consist of traces 
of iodide which can be used to catalyze more of the alcohol. 

Experiment IL —Fifty grams of the carbinol were treated with 4 g. 
aniline hydrobromide and 2 cc. of a concentrated solution of hydrobromic 
acid. The reaction was carried out as in the last experiment, and the 
highest temperature registered by the vapors of the decomposition prod¬ 
ucts was 75®. Fresh alcohol was dropped into the flask and the catalysis 
continued for quite a long time. The pure hydrocarbon obtained amounted 
to about 50%, while the rest of the products consisted of unchanged alcohol. 
The reaction in both experiments was very smooth and regular, and it is 
in my opinion the best process for preparing the hydrocarbon. Other 
tertiary alcohols, and possibly secondary alcohols having a high boiling 
point, would react similarly. The hydrocarbon obtained in the last two 
experiments is undoubtedly trimethylethylene, containing, ver>" probably, 
small quantities of the isomeric methylethylethylene, as noted by Kon- 
dakoflf.' The reaction may be said to have proceeded as follows: 

(CH8)2C(0H).CH2.CH3 + HX = (CH3)2CX.CH2.CH3 + H 2 O 
(CH 3 ) 2 CX.CH 2 CH, - (CH 3 ) 2 C : CH.CH 3 + HX 
[(CH,)2CX.CH2.CH, = CH* : C(CH3).CH2.CH3 + HX] 
Discussion of Results. 

In this and the preceding two papers, I have reported on some new 
processes for the preparation of butadiene-1,3 hydrocarbons. ^ Among 
these, those discussed^ in this paper are by far the simplest. Whereas in 
the pyrogenetic catalyses the yields of the hydrocarbons may be made to 
approximate the theoretical, still the processes are quite complicated. 
The tendency of the butadiene hydrocarbons to decompose at the high 
temperatures of reaction would necessitate the use of vacuum, which 
1 J. prakt, Ckem., 54, 454 (1896). 

* It is very probable that hydrocarbons containing more than two conjugated 
double bonds can be prepared from similarly constituted hydroxyl compounds, having 
already in the molecule one or more double bonds. 
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would complicate the process still further* In this latter instance, it would 
be necessary to use refrigerating agents or other mechanical devices for 
avoiding the loss of valuable hydrocarbon. If, on the other hand, the 
pyrogenetic decomposition is carried out at ordinary pressures, the hydro¬ 
carbons will have to be purified by chemical means. The catalytic meth¬ 
ods in the wet way can be carried out in the simplest form of apparatus, 
with practically no loss of hydrocarbon, with the further advantage tliat 
the latter can be freed from the accompanying only impmity—-the un¬ 
saturated alcohol—by fractional distillation. Furthermore, the quantity 
of catalyst used is, as a rule, so small in comparison with the amount of 
substance catalyzed, that these catalyses in the wet way may be spoken 
of as being ideal from every point of view. There is one point, however, 
in which the pyrogenetic methods are superior to the wet methods, and 
that consists in the more general nature of the former. The oxides, 
secondary-tertiary and disecondary a-glycols, glycols having a primary 
hydroxyl group, as well as unsaturated primary alcohols cannot be cata¬ 
lyzed to the corresponding butadiene-1,3 hydrocarbons in the wet way. 
The decomposition of these substances, as already described, can be suc¬ 
cessfully carried out by the pyrogenetic catalytic methods. 

The preparation of the hydrocarbons directly from the hydroxyl com¬ 
pounds is the simplest of all known methods. The use of the quaternary 
ammonium derivatives, the chlorhydrins, or the dihalogen substitution 
products of these hydroxy-compounds, the unsaturated halides, etc., 
complicate the processes needlessly. I believe that I have indicated the 
lines along which .work will be done in the future for the commercial prep¬ 
aration of the hydrocarbons in the synthesis of “rubber.’* This problem 
will eventually be solved, although it will require a good many years of 
earnest and patient study. The starting point in these syntheses will 
most probably be alcohol, which can be produced fairly cheaply. 

Before concluding my reports on the work we have carried out in the 
synthesis of the divinyl hydrocarbons, I would like to state that we have 
left much that we would have liked to have finished. We would have 
liked, for example, to have made analyses of every compound obtained, 
prepared the halogen derivatives of the hydrocarbons for a better char¬ 
acterization of them; and above all, we would have liked to have studied 
the chemical and physical properties of the different isomeric hydrocarbons. 
Being outside of a truly scientific institution, and being moreover driven 
by the desire to save something oirt of the mad rush for patenting every 
conceivable and inconceivable organic reaction in the synthesis of these 
hydrocarbons, such as is still going on, we had very little time left at our 
dispc^al for anything else. 

And now, that fortune has decreed that I should relinquish, at least for 
the present, this most fascinating of organic investigations, 1 would state 
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that I have tried to derive the most rational conclusions possible under 
the circumstances from the experiments described in this and the previous 
papers, and that I shall be ever ready to acknowledge any false conclusions 
I may have arrived at.* The processes described by me have simplified 
the problem of the preparation of the unsaturated hydrocarbons, and I 
hope that they will be made use of in the systematic study of this branch 
of organic chemistry which is still in a more or less chaotic ‘ state. 

In conclusion, I would like to express my indebtedness to my colleague, 
R. B. Earle, for many valuable suggestions, and to thank him again for 
his constant help in carrying out a good many of the experiments de¬ 
scribed in this and the previous papers. 

Cambridok, Mass 


THE PREPARATION OF ALLYL IODIDE. 

By Rasxk Lal Datta 
Received March 12, 1914. 

The preparation of large quantities of allyl amine for conversion into 
the nitrite, necessitated the preparation of still greater quantities of allyl 
iodide, since allyl amine was obtained from this through the isothio¬ 
cyanate. The metliod used for the preparation of allyl iodide was the 
action of yellow phosphorus on iodine in glycerol. This method is at¬ 
tended with some difficulty, and hence it has engaged the attention of 
chemists who have published modifications of the method from time to 
time. On undertaking the preparation of the compound, the various 
methods were tried, but it w'as found that in no case had the real difficul¬ 
ties been overcome. After a series of careful experiments, a modified 
method was devised, in which, as will be shown later, the difficulties were 
reduced to a minimum, and by which the preparation could be completed 
smoothly and in a very short time. BehaF in order to obviate the use 
of yellow phosphorus, employed red phosphorus in conjunction with a 
solution of iodine in allyl iodide and glycerol. This method does not, 
however, come under our consideration. 

Claus® described the preparation of this compound in detail for tlie 
first time. His results were confirmed by Jafnes.* Claus did not use 
carbonic acid gas in this method. The yield obtained was 220 g. of pure 
allyl iodide from 240 g. of iodine. 

Later, Kanonikoff and Sa3rtzeff published a modification of the method 

^ This is especially the case with the higher members of the unsaturated hydro¬ 
carbon series, where the possibility for the formation of a number of isomers, and their 
presence in the products obtained in the reactions, make their identification quite 
difficult and highly desirable. 

* Bull, soc, chim., 47, 876 (1887). 

* Ann., 131, 58 (1864). 

® Pnd., 185^ igt (1877)- 
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m whidbii by the ttse oi carbonic add during the preparation, the yield 
was improved to 1000 g. allyl iodide from 1000 g. cji iodine and the jnepara* 
tion of large quantities at a time was made possible. As a result of incor* 
rect observation, they stated, moreover, that by following the method of 
Claus, without the use of carbonic acid gas, the yield could not be raised 
over 700 g. allyl iodide from 1000 g. of iodine. That the 5rield stated by 
Claus can actually be obtained has been verified by me. More¬ 
over, Kanonikoff and Saytzeff held that their method alone enabled 
one to operate with large quantities. Experiments show, how¬ 
ever, that the method of Claus does not require operating on a small 
scale, but that as large a quantity can be taken in one operation as in the 
other method. It is necessary to point out that both the above methods 
are attended by the usual difiiculties of preparing this compound. 

After a series of careful experiments, the following method is proposed. 
In it the use of carbonic acid gas is avoided altogether, and no difficulty 
is experienced, the operation is carried through smoothly and quickly, 
while the yield is equally satisfactory. 

The first difficulty attending the method is that the addition of phos¬ 
phorus is tedious and the addition of several grams takes hours. Moreover, 
the pieces which are added are not easily brought into interaction but must 
be stirred with a glass rod pushed through the tubulus of the retort. 
Sometimes, even on stirring, no action takes place for a considerable time; 
and if, in the belief that the action is over, more pieces are added beWe 
the previous portion has been used up the reaction may suddenly set in 
with explosive violence. Local warming with a flame is not safe. The 
following details have been found to give the most satisfactory results: 

The apparatus consists of a retort, fitted with a funnel having a glass 
stopper* The retort is connected with a condenser and receiver as usual. 
The retort is kept dipped in a larger-sized water bath, which can be heated 
from beneath. Glycerol is next poured into the retort and then the iodine, 
taking care that all of it drops on the glycerol and that none sticks to the 
side of the retort. When all the iodine is added, the water bath is heated 
to boiling. A small piece of phosphorus is then added, the stopper of the 
funnel being removed temporarily. When this comes into contact with 
iodine in the hot glycerol, it reacts at once. As a result of the interaction, 
some allyl iodide is formed which takes up some iodine into solution. 
A second piece is inunediately added and takes part in the reaction in 
like manner. On continuing the addition of larger pieces of phosphorus, 
more and more allyl iodide is formed, which, taking up increasing quanti¬ 
ties of iodine into solution, facilitates the reaction. After a considerable 
qtmntity of phosphorus has been added in this manner, the allyl iodide 
formed distils off, being heated on the water bath and the heat generated 
by the reaction. Proceeding in this manner, after the addition of only a 
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few grams of phosphorus (which takes but a short time), large pieces 
weighing as much as 3-4 g. can be added in quick succession. The opera¬ 
tion can, therefore, be very smoothly and quickly completed. Since 
some isopropyl iodide (b. p. 89®) is invariably produced in this reaction, 
the mixture boils at less than 100° and, hence, the major part of the dis¬ 
tillation is finished on the water bath. The last traces can be distilled 
off by heating with a constantly moving luminous flame. The allyl iodide 
is dried and purified in the usual manner. 

CRSmCAl. JUaboratoky. Prksidkncy Collsgb, 

Calcutta 


CHLORINATION BY MEANS OF AQUA REGIA. THE CHLORINA¬ 
TION OF BENZENE, THIOPHENE, TOLUENE 
AND MESITYLENE. 

By Rasik lyAL D^tta and Francis V Fbrnandss 
Received March 12, 1914. 

Although several processes have been used for the chlorination of 
organic compounds, there has always been difficulty in finding a method 
which could be carried out economically, both as regards the time and the 
chemicals. The only method which has been applied rather extensively 
is the one in which chlorine is passed through a liquid, usually in the pres¬ 
ence of a carrier. In this case, however, the chlorination of a single com¬ 
pound means the work of some hours, not to speak of the trouble necessi¬ 
tated by the conditions demanded, viz,, the influence of direct sunlight, etc. 

Some of the difficulties, mentioned above, seem to be obviated by the 
use of a mixture of nitric and hydrochloric acids as a chlorinating agent. 
Some investigators have used it in some oxidizing experiments, but they 
have pronounced it as an unsatisfactory reagent, chiefly owing to its 
exceedingly active properties. While this is true for some compounds, 
it has been found that the reagent in many cases acts as a powerful chlorin¬ 
ating agent, and in others both as an oxidizing and chlorinating agent. 
It acts as a simple chlorinating agent towards compounds which are 
not easily susceptible of oxidation with nitric acid, while, if the substance 
in question is susceptible of oxidation by nitric acid, both the processes 
of oxidation and chlorination occur simultaneously. In fact, the changes 
that can occtu- under any circumstances may be described thus: We 
know that a mixture of nitric and hydrochloric acids yields chlorine and 
nitrosyl chloride, the latter decomposing in the presence of water into 
nitrous fumes and hydrochloric acid. Hence, either or both of the follow¬ 
ing reactions may take place: first, the strong nitric acid may oxidize 
or nitrate the body coming into contact with it; and secondly, the nascent 
chlorine may unite with great energy with such compounds. In the case 
of hydrocarbons, generally, the reagent acts simply as a chlorinating agent, 
with the production of the several chloroderivatives, according to the 
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conditioiis under whidfat the dilorination is carried out. It imgbt be 
thought strange that it does not act as a nitrating agent too. That this 
is not probable may be seen by the fact that chlorine has a greater influence 
than nitro group; and wherever there is any diance of substitution, the 
chlorine is first to take the place, because it is not only active in nature 
but it is also in the nascent state. Again, the chlorination with aqua regia 
becomes more vigorous than with ordinary reagents owing to the mere 
presence of nitric acid. Evidence in favor of this will be adduced later 
on, where it will be shown that the reagent achieves some substitutions 
which cannot be achieved by nascent chlorine alone in other processes. 

Thus the nascent chlorine, obtained from a mixture of hydrochloric 
and nitric acids, affords a rapid method of chlorinating hydrocarbons 
in general. In addition to the rapidity and consequent economy of time, 
the ease with which the chlorination is carried out is a further advantage. 
It is only necessary to warm the hydrocarbons with th^ acid mixture 
with occasional shaking. In a very short time the hydrocarbon is chlorin¬ 
ated with the production of a chlorocompound, or a mixture of chloro- 
compounds where there is a possibility of the formation of more than one 
derivative. Generally, it is found that the method may be used to pre¬ 
pare a particular chloroderivative, as required, by var3dng the conditions 
of the experiment. It can, however, be laid down as a general rule that 
the longer the liquid is kept in contact with the acid mixture, the greater 
is the percentage of higher chlorinated products. 

The chlorination of the following hydrocarbons has been effected: 

Benzene .—It is well known that chlorine gas acts both substitutively 
and additiveiy on benzene to form the various chloroderivatives. Benzene 
hexachloride is prepared by the interaction of chlorine on benzene in sun¬ 
light^ or by passing chlorine through boiling benzene.® Other additive 
chloroderivatives of benzene can be prepared by varying the process 
a little and sometimes by the intervention of a little alkali. The substit¬ 
utive chlorocompounds, especially the monochloro- and dichlorobenzenes, 
can be prepared by the chlorination of benzene in the presence of a little 
iodine.® In this case only two dichlorobenzenes, the c- and :^-derivatives, 
are produced, the latter in predominating quantity.^ Monochlorobenzene 
can also be prepared by chlorinating benzene with sulfur chloride,® or 
with sulfuryl chloride.® The whole series of the chlorocompounds of 
benzene has been exhaustively studied by Beilstein and Kurbatoff/ 

1 Faraday, Ann, chim, phys., [2} 30, 274; Mitscherlich, Pogg. Ann., 35, 370. 

* I^esimple, Ann,, 137, 123; Keys, Z, Chern,, 1871, p. 293. 

* Basse, Ber., 36, 1053 (1893), 

^ Mflller, Jahresb., 1884, p. 324. 

* Sclimidt, Ber., ii, 1173 (1878). 

* Dubois, Z. Chem., x8^| p. 705. 

* Ann,, 97 (1876); 229 (1878). 
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ItOter, the chlormation of benzene has been effected with ferric chloride 
with the production of monochlorobenzene.^ Monochloro- or dichloro¬ 
benzene has been prepared by passing the calculated quantity of chlorine 
through a mixture of benzene and aluminium chloride heated to 50-55®.^ 
By the method to be described here, both monochloro- and dichlorobenzenes 
could be prepared very easily and in a very short time. 

100 cc. of benzene were mixed with 450 cc. of a mixture of concentrated 
hydrochloric and nitric acids (2 : i) in a large flask. When the first 
action which generally takes place ceased, the flask was heated on the 
water bath with a reflux condenser for about an hour. The contents of 
the flask were well shaken from time to time during the progress of the 
reaction. The flask was then cooled, and the upper oily layer was sep¬ 
arated from the acids below by means of a separating funnel. The oily 
liquid was washed several times with water, then with dilute alkali and 
finally ag%in with water to remove all traces of free acids. After drying 
the oil with a few bits of calcium chloride, it was subjected to fractional 
distillation. For effecting the separation between the several chloro- 
compounds formed in the process, a two-bulb Wiirtz still-head was used. 
The distilling flask was heated on the wire gauze with a small flame. 
During the distillation the temperature rose very rapidly at first to 80®, 
at which temperature all the unchanged benzene passed over. Two 
fractions were collected: the first between 80-105®, and second between 
150-172®. At 172® the temperature rise stopped abruptly and pure di¬ 
chlorobenzene came over and solidified to thin, colorless leaflets, m. p. 
53®. During the distillation of />-dichlorobenzene, the ordinary condenser 
was replaced by an air condenser. The remaining liquid in the flask charred 
after the distillation of ^-dichlorobenzene was over. By refractionating 
the previous fractions, pure monochloro- and c-dichlorobenzenes were 
separated and the following products were obtained from 100 cc. of crude 
chlorinated product: Unchanged benzene, 50 cc.; monochlorobenzenes, 
15 ; c-dichlorobenzene, 4 g.; p-dichlorobenzene, 18 g.; charred liquid, 10 cc. 

Hence, this method may serve as a convenient method Of preparing 
both monochloro and ^7dichlorobenzenes. The yield of ^-dichlorobenzene 
could be increased by prolonging the chlorination process somewhat. 

Thiophene ,—Chloro derivatives of thiophene are prepared by passing 
dilorine through thiophene, whereby all the four chlorothiophenes are 
produced.® Monochlorothiophene can also be prepared by the inter¬ 
action of thiophene and sulfuryl chloride in absolute alcohol.^ 

The chlorination of thiophene by aqua regia has been effected as follows: 

' Thomas, Compt. rend., 126, 1212. 

* Mouneyart, Pouret, Compt. rend., 127, 1026. 

• Weitz, Ber., 17, 794 (1884). 

< T6hl, Eberhard, Ber,, a6, 2947 (1893). 
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To a sufficient quantity of a miscture of nitric and hydrochloric acids in 
the proportion of i to thiophene was added. A vigorous reaction en¬ 
sued with the turning of the thiophene color into red passing transiently 
through a blue-black appearance. After several minutes the red liquid 
sank beneath the acid mixture, evidently on account of the increase of 
density of the liquid as a result of the formation of chlorothiophenes. 
The oil was separated from the acid mixture and treated with dilute alkali 
and water to free it from the adds. After drying it over caldum chloride, 
it was distilled and the following fractions were collected: (i) up to lOo®; 
(2) ioi-“i4o'^; (3) 141-180®; and (4) 181-205®. By repeating the frac¬ 
tionation twice over, the whole mixture was resolved into unchanged thio¬ 
phene, monochloro-, dichloro- and trichlorothiophenes. The unchanged 
thiophene was about Vs of the whole product, and the three chloro- 
derivatives were obtained in almost equal quantities. It shodld be noted 
that the proportions of the different chloroderivatives vary with the dura¬ 
tion of the reaction. 

Toluene .—^The chlorination of toluene has been effected with free chlorine 
sometimes in the presence of a carrier. The chlorine either enters the 
side-chain or the nucleus according to the conditions under which the re¬ 
action occurs. The chlorine enters the side-chain if toluene is chlorinated 
by boiling with phosphorus pentachloride as carrier. Some chloro- 
toluenes have also been prepared by heating toluene with ferric chloride, 
sulfuryl chloride, etc. The primary product of chlorination of toluene 
with aqua regia is benzyl chloride, the chlorine attacking the side-chain; 
besides that other chlorotoluenes are formed, the c-chlorotoluene being 
formed in predominant quantity. The other dichloro- and trichloro- 
toluenes which ire invariably formed cannot be conveniently isolated. 

The method followed in this case was exactly the same as the one used 
before, with the exception that the reflux condenser was dispensed with. 
The preliminary experiment was carried out with 30 cc. of toluene and 
120 cc. of the mixtiue of acid (i : i). The liquid was heated on the water 
bath half an hour. The product was washed with alkali as usual, dried 
and fractionated with a still-head. The fractions were collected as follows: 

20 cc. yielded (i) up to 132®-; (2) 132-155® 3-4 cc. (in reality all this 

came over at 155®); (3) iss^iflo® 15 cc. (in reality all this came over at 
175 ®)- 

Thus we find that benzyl chloride was the principal product of the re¬ 
action, <7-chlorotoluene being formed in fairly good quantities. The chloro¬ 
derivatives may, however, be prepared as desired by varying the condi¬ 
tions as is shown by the following experiment: 

100 cc. of toluene were mixed with 600 cc. of the mixture of cone. HCl 
and HNOs (2 : i) and heated on the water bath for one hour, 70 cc. of 
th^ crude product being obtained. On distilling the following fractions 
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witiH coifected: up to 140®, 14 cc.; from 140-158®, 20cc.; 158-168®, ii cc.; 
i6#*i75®, 4 cc.; the liquid charred, 18 cc. By fractionating them again, 
th0 various pure chloroderivatives were obtained. Here we have a- 
ditorotoluene formed in predominating quantities and /^-chlorotoluene 
is iormed in tolerably good yield. Benzyl chloride is scarcely formed. 

Mesitylene .—^The chlorination of mesitylene has been effected by Fittig 
and Hoogewerff,^ by passing chlorine through cold mesitylene when it 
acts vigorously with the formation of mono-, di-, and trichloromesitylenes. 
The chlorination of mesitylene by aqua regia has been found to be very 
satisfactory, and in about five minutes a mixture of the chloromesitylenes 
can be prepared. 

Ten cc. of mesitylene were mixed with 50 cc. of cone. HCl and HNOs 
(2 ; i). The mixture was warmed on the water bath for five to ten minutes 
and was shaken nearly all the time. Oily drops were formed, which 
afterwards collected, on shaking more, into a thick viscous liquid. This 
was separated by decantation, and washed as described in the case of 
benzene, when it was obtained as a mass of soft, white crystals. This was 
next fractionally crystallized from alcohol to effect the separation of the 
different chloroderivatives formed, according to the procedure used by Fit- 
tig and Hoogewerff. 

After a systematic fractionation, it was found that dichloromesitylene, 
C«HCl2(CH8)8i was formed in great quantity. Trichloromesitylene, 
C 8 Cl 8 (CH 8 ) 8 , was produced in fairly large quantity while monochloro- 
mesitylene was scarcely formed in any significant quantity. It may be 
pmnted out that besides the chloromesitylenes, no secondary products 
formed. 

We are at present engaged in systematically applying aqua regia as a 
chlorinating and oxidizing reagent and shall lay before the Society the 
results obtained from time to time. 

CbBMXCAI. 1/ABOXATOKY, PRSSIDBNCY COIXSOB. 

Calcutta 

SIMULTANEOUS CHLORINATION AND OXIDATION BT MEANS 
OE AQUA REGIA. THE PREPARATION OP CHLOROANIL 
FROM ^PHENYLENEDIAMINE AND HYDROQUINONE. 

By Rasix 1/AL Datta 
Received March 12. 1914 

It was shown previously that aqua regia acts essentially as a chlorinating 
agent in cases where there is no possibility of oxidation, and as has been 
described before, the cMorination of hydrocarbons was effected with ease 
by means of this reagent. But in cases cf chlorination where there is 
also the posibiUty of oxidation, both reactions ocou rapidly. Now, 

* Annakn, 150,323. 
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^^pbenyleiie^aii^ ib known to give chlcnxmnil by simultaneous cUor- 
ination and oxidation, but only with great difiGiculty, repeated treattneat 
with different reagents being necessary to attain the end desired. Since 
aqua regia acts both as a vigorous chlorinating and oxidizing agent, it is 
quite expected that this reagent would convert ;f>-phenylenediamine into 
tetrachloroquinone with e,ase, and, in fact, this has been found to be the 
case. It has also been found that hydroquinone, which has hydroxy 
groups in the para position, is also readily chlorinated and oxidized, giving 
pure chloroaniL 

Chloroanil is readily formed from organic compounds. Erdmann^ 
obtained it by passing chlorine through.an alcoholic solution of chloroisatin. 
It is also formed by the action of potassium chlorate and hydrochloric 
acid on a variety of substances. It has been obtained by this reagent 
from aniline, phenol,^ salicylic acid, nitrosalicylic acid,^ dinitrosalicylic 
add,® tyrosin^ and w-aminobenzoic acid.® Furthermore it is formed by 
the action of fuming nitric acid on perchlorophenol® and also on i,2,4,5- 
tetrachlorobenzene.^ It has been obtained from hexachlorobenzene by 
treatment with a mixture of nitric and sulfuric acids* and also from hexa- 
chlorophenpl.® 

Chloroanil is now prepared according to the method of Graebe,'® by the 
action of potassium chlorate and hydrochloric acid on />-phenylenediamine. 
This method still prevails as the most satisfactory. A short summary 
of the process will indicate the trouble that has to be undergone and the 
reagents that have to be used to prepare a pure sample of the substance. 

p-Phenylenediamine hydrochloride is suspended in water and to it 
coarse crystals of potassium chlorate are gradually added and then hydro¬ 
chloric add. The addition of chlorate takes a day and the temperature 
has to be maintained between 20-30®. The next day the mixture must 
be warmed on the water bath until all the chlorate is decomposed. The 
crude product which contains about 25% of trichloroquinone, is collected 
and washed. Then it must again be treated with hydrochloric acid on 
the water bath for 1-2 hours. After washing it is again oxidized with 
potassium dichromate and hydrochloric add. Even then it is not obtained 
quite pure, but must be recrystallized from toluene in order to get a com- 

* Ann., 48, 309. 

* Hofmann, Jbid., 53, 57. 

^ Stenhouse, Ibid., 78, 4. 

* Staedeler, Ibid., xx6, 99. 

* Eflenmcyer, Jahresb. Chem., x86x, p 404. 

* Merz, Welth, Ber., 5, 460 (1872). 

^ Beilstein,! Kurbatow, Ann., 192, 336. 

« Israti, Bull, soa chim., [3] 3, 184. 

* Barral, Ibid., [3I xi, 705. 

Ann., 263, 6. 
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fitetdy pure product. It is, therefore, quite evident that a considerate 
amount of trouble has to be undergone to prepare pure chloroanil. 

Preparation from p-Phenylenediamine. —The preparation of perfectly 
pure chloroanil from /?-phenylenediamine can be effected very simply 
and in a very short time, by means of aqua regia, as follows: To too cc. 
of a mixture of nitric and hydrochloric acids (2.: 3), 15 g. of /)-phenylene- 
diamine hydrochloride are added and the substance is allowed to react, 
with occasional warming on the water bath. A very gradual change in 
the color of the substance is forthwith noticed, going through yellow- 
brown to bright yellow. Toward the end of the operation, the flask 
containing the acid mixture is left on the water bath continuously until 
all of the acid fumes are driven off and the transformation into chloroanil 
becomes complete. The product is next washed with water and dried. 
It consists of perfectly pure tetrachloroquinone, which sublimes completely 
without melting and leaves only a black stain in the subliming vessel. 
The sublimed product consists of fine yellow plates having a melting point 
of 2QO° in sealed capillary tubes. The yield obtained was 10 g. of chloro¬ 
anil. It may sometimes happen, as a result of tocj rapid heating of the 
acid mixture, that /?-phenylenediamine is not completely converted into 
chloroanil. In such cases, a fresh treatment of the resulting substance 
with a smaller quantity of acid mixture is necessary. 

Preparation from -Hydroquinone, which is similar to 

/>-phenylenediamine in structure, might be expected to yield chloroanil 
when similarly treated. Since hydroquinone has not as yet been treated 
with an oxidizing and chlorinating reagent, it was thought desirable to 
first test the possibility of formation of chloroanil from hydroquinone by 
the action of potassium chlorate and hydrochloric acid. For this pxirpose, 
hydroquinone is suspended in strong hydrochloric acid and to it potassium 
chlorate is gradually added, whereupon the substance turns yellow. 
The process is continued for sometime longer with fresh additions of 
potassium chlorate and warming on the water bath. After a considerable 
time, the product is found to consist of a mixture of the lower chloro- 
quinones. Hence the mixture of potassium chlorate and hydrochloric acid 
is quite unable to transform hydroquinone completely into chloroanil. 

Accordingly, hydroquinone was next treated with aqua regia similarly 
to ^-phenylenediamine. By its action, the substance gradually turns 
more and more yellow until it is of a bright yellow color. The reaction 
is finished on the water bath, when it consists of a bright yellow substance 
which is pure chloroanil and can be sublimed quite completely without 
previous fusion. It gives a melting-point of 290® in a sealed capillary 
tube as observed by Graebe. • 

Chsmicai. Laboratory, Prmiobmcy Collsor, 

Calcutta. * 
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lIBTHai>S OF ESTIMATION OF SBMICARBAZIDB BT ITS W- 
TERACTION WITH HALOGENS AND HALOGEN OXTAC1D8. 

By Rasix 1/AL Datta. 

Received March 12, 1914. 

The action of chlorine, and potassium chlorate and hydrochloric acid 
on semicarbazide has been taken up for study in order to ascertain the 
nature of the decomposition of the latter body. It was found that these 
reagents bring about the complete rupture of the semicarbazide molecule, 
with liberation of large amounts of nitrogen and carbon dioxide. Follow¬ 
ing this up, the action of other similar reagents was taken into consideration. 
These have been, bromine, bromic acid and iodic acid, the latter in the 
form of salt. It has been found that semicarbazide hydrochloride is de¬ 
composed by the above reagents, yielding an amount of nitrogen which 
always bears a certain invariable proportion to the total nitrogen of semi¬ 
carbazide. These reactions, as will be shown later, could be used con¬ 
veniently for the gasometric estimation of semicarbazide, for which no 
satisfactory method of estimation is as yet known. It is to be noted that 
the reagents named do not react with urea and, hence, the estimation of 
semicarbazide could be effected in the presence of this body. 

Maselli^ has given a round-about method for the estimation of semi¬ 
carbazide. He utilizes the reaction that when semicarbazide is boiled 
with dilute acids, decomposition occnirs with the quantitative separation 
of ammonia and hydrazine, according to the equation : 

NH,C0.NH.NH2 + 2 H 2 O = NHa + CO 2 + H 2 O + N 2 H 4 . 

The quantity of semicarbazide can hence be estimated either (i) by 
determining the amount of hydrazine, by adding an excess of a standard 
solution of potassium iodate, boiling until all the iodine set free is re¬ 
moved, and titrating the excess of potassium iodate with standard sodium 
thiosulfate; (2) by determining the amoimt of ammonia formed, by adding 
sodium hydroxide and distilling the ammonia set free into a known volume 
of standard add. 

The action of semicarbazide upon the halogen oxyacids is interesting 
and varies progressively with the atomic weight of the halogens. Like 
carbamide, semicarbazide hydrochloride is completely decomposed by 
sodium hypochlorite or sodium hypobromite with the quantitative libera¬ 
tion of nitrogen. The action of potassium chlorate and hydrochloric 
add is, however, quite different. 

To a solution of semicarbazide hydrochloride in a Crum’s uitrqmeter, 
a little powdered potassium chlorate and then strong hydrochloric acid 
is added. A vigorous reaction ensues with copious evolution of a gas con¬ 
sisting of nitrogeui carbon dioxide dnd chlorine. After washing down the 
excess of chlorine, the carbon dioxide was completely absorbed by strong 
1 Gm. chim. 35,1, 267 (1905). 
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aUsali. The remaining gas was found to bear a constant ratio to the 
total nitrogen, namely, ^/s of the total. The reason for washing down 
the chlorine before the addition of alkali is that the alkali, in the presence 
of chlorine, acts as hypochlorite and, hence, instead of ^/s, the total amount 
of nitrogen is liberated. So potassium chlorate and hydrochloric acid 
liberate only ^/a of the nitrogen according to the following equation: 
NHNHa 

CO -f O2 = CO,> -h NH3 + N> -f H2O, 

Nlh 

while alkaline hypochlorite decomposes it quantitatively thus: 

NHNHo 

2CO -f 70 = 2CO2 + 5H2O -f 3N2 

mh 

The reaction between semicarbazide hydrochloride and potassium brom- 
ate is a little more energetic than the reaction with potassium chlorate 
and hydrochloric acid. When solid ])otassium bromate is added to solid 
semicarbazide hydrochloride and the mixture is moistened, a vigorous 
reaction instantly begins with the copious evolution of gas and bromine 
vapors. At the same time the mixture becomes intensely hot. But if 
the semicarbazide hydrochloride be in the form of a tolerably strong 
solution, a few seconds elapvse before any sign of reaction is visible, after 
which, suddenly, a vigorous reaction ensues with the evolution of gas and 
liberation of bromine. The time required for the reaction to take its course 
depends upon the dilution of semicarbazide hydrochloride. In the case 
of somewhat dilute solutions, as long as 5 to 10 minutes elapses before 
the sign of any reaction is evident. When the dilution is very great no 
reaction takes place at all. But a little hydrochloric acid added to such 
a mixture starts up the reaction at once. If the reaction be carried out 
in a Crum's nitrometer with the help of a little hydrochloric acid, finally 
treating the resulting gas with alkali after washing down the excess of 
free bromine, the percentage of nitrogen comes out nearly of the total 
quantity present in semicarbazide. The reaction evidently takes place 
according to the equation: 

NHNHj 

SCO + 19O - 6NH3 H- 9Nj -f 8CO2 + iiHjO 

NHa 

But if the alkali be added directly in the presence of bromine in the above 
reaction, it acts as hypobromite and quantitative liberation of nitrogen 
is the result. 

The reaction of semicarbazide hydrochloride with potassium iodate is 
more energetic than that with potassium bromate. Potassium iodate 
interacts with semicarbazide hydrochloride in very dilute solutions with 
copious evolution of gas and liberation of iodine. On carrying through 
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the reaction in a Crtim’s nitrometer, it is found that the nitrogen ghTen 
out is */a of the total nitrogen. Hence there is noticeable a beautiful 
transition in the reactions of the halogen oxyacids towards sexnicarbazide. 
Potassium chlorate interacts only in conjunction with hydrochloric acid, 
setting free Vs of the total nitrogen. Potassium bromate interacts without 
the help of any acid in moderately strong solutions and in the presence 
of acid in dilute solutions, liberating nearly */4 of the total nitrogen. 
Potassium iodate interacts without the help of any acid at all dilutions, 
liberating just of the total nitrogen. 

Chlorine and bromine decompose semicarbazide hydrochloride with 
the evolution of gas. The decomposition by means of chlorine could not 
be used as an analytical method since chlorine cannot be obtained in a good 
concentration suitable for canying out such reactions. 

When bromine water is added to semicarbazide solution in a Crum’s 
nitrometer, copious evolution of gas takes place. On washing down the 
excess of bromine and absorbing the carbon dioxide generated by strong 
lye, the resulting nitrogen is found to be of the total, and the reaction 
is expressed by a similar equation given above in the case of potassium 
bromate and hydrochloride acid. But if, instead of washing down the 
excess of bromine, caustic alkali be directly added, the action is equivalent 
to that of alkaline hypobromite with the quantitative liberation of nitrogen. 

The actual data of a few of the numerous experiments performed are 
given below: 

I. With potassium chlorate and hydrochloric acid. 

(a) Using alkali in the presence of chlorine, 0.2368 g. was dissolved in 9.1 cc. of 
water; i cc. of this solution gave: (i) 8.9, (ii) 9.1, (iii) 9.0 cc. Na at 30® and 760 mm. 
Found N « 37.41; calc, for CH^NjOCl; N « 37*67. 

(b) Using alkali after washing down excess of chlorine, 0.6722 g. dissolved in 
30.75 cc. of water; i cc. of this solution gave: (i) 5.1, (ii) 5.0, (iii) 5.2 (iv) 5.1 cc. Nt 
at 33® and 760 mm. Found N = 24.91; calc, for Vs Na « 25.11. 

II. With potassium bromate and hydrochloric acid. 

(a) Using alkali in the presence of bromine, 0.1907 g. was dissolved in 9.6 cc. of 
water; i cc. gave: (i) 7.00, (ii) 6.8, (iii) 6.9 cc. Nj at 30® and 760 mm. Found N * 
37.57; calc, for CHftNsOCl; N * 37.67. 

(b) Using alkali after washing down excess of bromine, 0.6722 dissolved in 30.75 
cc. of water; i cc. of this solution gave: (i) 5.6, (ii) 5.6, (iii) 5.6 cc. Na at 33® and 760 
mm. Found N « 27.35; calc, for V4 Na «* 28.25. 

III. With potassium iodate solution. 

o.i68og. dissolved in 9.65 cc. of water; i cc. of this solution gave: (i) 4.5, (ii) 4.6, 
(iii) 4.55 Na at 32 ® and 760 mm. Found N * 28.07; calc, for V4 Na =* 28.25. 

IV. Bromine water. 

o. 1680 dissolved in 9.6 cc. of water; i cc. of this solution gave: (i) 4.5, (ii) 4.45, 
(iii) 4.6 Na at 32 ® and 760 mm. Found N « 27.89; calc, for V4 Na * 28.25. 

I am at present engaged in studying the behavior of thiosemicarbazide 
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and carbohydrazide towards the above reagents, and the possibility of 
estimating chloric, bromic and iodic acids by means of semicarbazide. 

ClU(MICAI« Laboratosy, Prbsidbmcy Collrgr. 

Calcutta. 


INDIRECT FORMATION OF DOUBLE SALTS.* V. THE DOUBLE 
PLATINIC, CUPRIC AND SILVER IODIDES OF SUB¬ 
STITUTED AMMONIUM BASES. 

By Rasik Lai, Datta and Takapada Oho.sh 
Rectivcd March 12 . 1911 

In continuation of the researches on the indirect formation of double 
salts, it was thought desirable to test the further applicability of the 
indirect method used in the preparations of the double salts already 
described. It was found that this method was applicable not only to the 
formation of double salts which cannot be obtained by direct means, but 
also to the preparation of other salts which can be obtained by the direct 
method, viz., the solution of the insoluble metallic component in the other 
soluble constituent and crystallization of the double salt from the solution. 
The preparation of double cupric iodides is not possible directly, since 
cupric iodide is not stable by itself and decomposes into cuprous iodide 
and iodine as soon as it is precipitated, or rather, liberated in chemical 
reactions. It is only when the indirect method is applied that the salt 
formation is successful. This, as has been pointed out before, is due to 
the fact that, when the cupric iodide is liberated in the presence of a large 
excess of ammonium iodide, it at once combines to form the double salt 
before it has time to decompose into its constituents. This behavior 
brings the conception of nascent molecules into prominence. The same 
reason applies to the formation of double carbonates of the alkaline 
earth metals and lead with potassium carbonate. These could not be 
prepared by the direct method, viz., the solution of the carbonates of the 
alkaline earth metals and lead in potassium carbonate. For the prepara¬ 
tion of these double salts, the indirect method was employed. This 
consisted in the precipitation of the carbonates of the alkaline earth metals 
and lead in the presence of a large excess of a strong solution of potassium 
carbonate; so that reaction took place between substances in the nascent 
state, and hence proceeded more readily. In addition to serving for the 

1 Previous communications on the subject: 

I. 'The Double Platinic and Cupric Iodides of Substituted Ammonium Bases/* 
Datta, J. Chem. Soc,, 103, 426 (1913)- 

II. "Double Carbonates of the Alkaline Earth Metals and Lead with Potassium 
Carbonate,*’ Datta and‘Mukherjea, Proc. Chem. Soc., 29, 185 (1913)- 

III. "The Double Cadmic and Mercuric Iodides of Substituted Ammonium 
Bases,*’ Datta, This Journal, 35 f 949 (1913)- 

IV. "lodoplatinates of Substituted Ammonium and Sulfonium Bases,’’ Datta, 
This Journal, 35 » 1185 (1913)- 
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preparation of double salts, not obtainable by direct means, the indirect 
method may also be used for the preparation of double salts which can 
also be prepared by the direct method. This applies to the preparation 
of double platinic iodides of the substituted ammonium bases which have 
been prepared by precipitating solutions of the ammonium iodides by 
diloroplatinic acid. The preparation of double mercuric iodides is a 
parallel case. Several double mercuric iodides were prepared by the direct 
method, viz., solution of mercuric iodide in solutions of the alkylamine 
iodides and crystallization of the double iodide from the resulting solution. 
The indirect method, however, has done away with the preparation of 
mercuric iodide at the outset, a solution of mercuric salt added to an 
excess of substituted ammonium iodide serves for the production of the 
double salt. In cases of preparation of double salts of other types, how¬ 
ever, where an excess of mercuric iodide solution has to be ensured, a solu¬ 
tion of mercuric iodide in the potassium iodide has been conveniently 
used. Similarly, several double cadmium iodides have been prepared 
by the indirect method. 

It is necessary to point out that indirect salt formation fails with the 
substituted ammonium bases with radicals of low molecular weight, 
owing to the extreme solubility of the double salts. Nevertlieless, the 
method is susceptible of wide application, being applicable to the forma¬ 
tion of double salts generally. The preparation of other double iodides 
of the series has been undertaken to test the further applicability of the 
method. 

Experimental. 

The Double Platinic Iodides {lodoplatinates). —Several of the double 
platinic iodides-of substituted ammonium and sulfonium bases have been 
described before.^ It was thought possible that further study might 
reveal additional points of interest. As is evident, from the former 
researches, platinic iodide forms double salts of the type 2NR4l.Ptl4 
only with the alkali metals and the ammonium and sulfonium bases. 
With, however, piperidinium and coniinium iodides, double salts of the 
type 4NR4l.Ptl4 have been prepared; with guanidinium iodide, a salt 
of the type 3NR4l.Ptl4 and with quinoline ethyliodide and quinaldine 
ethyliodide salts of the type NR4l,Ptl4 have been obtained. Further¬ 
more, several double iodides of the series are liquid, which is of considerable 
interest as affording examples of liquid double platinic iodides. 

Piperidinium Platinic Iodide, 4C#HiiNHI.Ptl4.—On adding a solution 
of chloroplatinic acid to a strong solution of piperidine hydriodide, a 
black, shining, crystalline precipitate is formed. This is washed with 
a small quantity of water and dried in the desiccator. The salt is soluble* 
in water to a beautiful red solution. 

‘ Datta, J . Chem . Soc ., 103, 426 (1913); This Journal, 35» 1185 (1913). 
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0.2031 g. gave 0.0262 g. Pt; calc, for 4CiHioNH2l.Ptl4; Pt =» 13.12; found, 12.91. 

Coniinium Platinic lodidct 4C8Hi7NHI.Ptl4. —Ks piperidine forms a 
salt of the type 4NR4l.Ptl4 it was to be anticipated that coniine, which 
is a-propylpiperidine, would also form a salt of the same type. This has 
been found to be the case. The double iodide separates as a viscous, 
dark brown oil on adding chloroplatinic acid to a strong solution of coni¬ 
inium iodide. This is repeatedly washed by decantation with water and 
dried as usual in the desiccator. 

0.2115 gave 00233 Pt; calc, for 4C8Hi7NHI.Ptl4; Pt = 11.23; found 11.03. 

Isoquinolinium Platinic Iodide^ 2C9H7NHI.Ptl4.—Isoquinoline hy- 
driodide, prepared by neutralizing isoquinoline with hydriodic acid, gave 
on evaporation a yellowish crystalline powder which on keeping in a 
desiccator turns reddish violet. The freshly prepared salt is dissolved in 
water and to it a 10% solution of chloroplatinic acid is added. A black 
precipitate is obtained which is very sparingly soluble in water, forming 
a faint yellow solution. It is filtered and, after being washed repeatedly 
with water, dried in the dcvsiccator. The salt consists of a dark chocolate 
colored powder. 

0.2513 gave 0.0407 Pt; calc, for 2C»H7NHI.Pll4; Pt =» 16.02; found 16.21. 

Guanidinium Platinic Iodide, 3CH5N3HI.Ptl4.—Guanidine hydriodide 
is prepared by neutralizing guanidine carbonate with hydriodic acid and 
evaporating on the water bath. The double iodide is obtained as a fine, 
black crystalline precipitate, the solution at the same time turning in¬ 
tensely red. The salt is dried as usual and analyzed. 

0.2815 gave 0.0438 Pt; calc, for 3CH6N8HI.Ptl4; Pt = 15 43; found 1553 

Quinoline Ethyl Platinic Iodide, C9He(C2H&)NHI.Ptl4.-~This is ob¬ 
tained as a greenish black precipitate by adding chloroplatinic acid to a 
solution of quinoline ethyliodide. The salt is very sparingly soluble in 
water. The filtrate from the precipitate is colored dull yellowish green. 

0.2115 gave 0.0417 Pt; calc for CiiHnNHI.Ptl4; Pt = 19 95; found 19-72. 

Quinaldine Ethyl Platinic Iodide, C10H9N.C2H5I.PtI4. - Quinaldine ethyl 
iodide is only sparingly soluble in water. To a saturated solution of this 
salt, chloroplatinic acid is added. A momentary light brown precipitate 
is formed which changes at once to a dirty black-brown. The filtrate 
has a very faint green color with a faint red fluorescence, and after a day’s 
staying it deposits a further quantity of the precipitate and turns colorless. 
The salt is highly insoluble in water. 

0.3021 gave 0.0591 Pt; calc, for CioH9N, C2H6I.PII4; Pt = found 19.61. 

Methylethylpropylphenylammonium Platinic Iodide, N (CH3) (C2H6) (C3H7) - 
{CeH6)I.Ptl4.—^This is obtained as a black-brown precipitate by the usual 
method. The salt is very sparingly soluble in water, the filtrate from the 
precipitated salt having a very faint green color with a red fluorescence. 
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The filtrate^ on standing, like the preceding salt depodts a furtlMU’ quantity 
of the precipitate, the solution turning odorless. 

0.2631 gave 0.0514 Pt; calc, for CigHjoNI.Ptli; Pt *» 19 34; found i9-55- 
The Double Cupric Iodides. 

In addition to the double cupric iodides which have already been de¬ 
scribed,' the following have been prepared by precisely the same method: 
They are ihteresting on account of the fact that some of them represent new 
types and that some of them are liquid at the ordinary temperatures. 

Tripropylammonium Cupric Iodide, 3N(C8H7)8HI.2Cul2.—A saturated 
solution of cupric chloride is added to tripropylammonium iodide, when 
a dark brown oil is precipitated which sinks under water. This is not 
decomposed by water as was observed previously with some of the higher 
members. It is washed by stirring with repeated quantities of water in a 
basin and pouring off the wash water. Finally, the oil is allowed to dry 
in the desiccator. The compound consists of a dark brown viscous oil. 

0.1798 gave 0.0184 CuO; calc, for 3N(C3H7)31112.CuT2; Cu = 8.67; found 8.16 

TrimeihyUp-tolylammonium Cupric Iodide, N(CH3)3C7H7l.Cul2.—To a 
saturated solution of trimethyl-^-tolylammonium iodide, a saturated 
solution of cupric chloride is added, when a brick-red precipitate falls down. 
This precipitate is unaltered by large quantities of water and hence could 
be washed freely. It is dried in the desiccator. 

0.2631 gave 0.0337 CuO; calc, for N(CH8)3C7H7l.Cul2; Cu 10.60; found 10.23 

Isoquinolinium Cupric Iodide, 2C9H7NHI.CUI2. —Wlien a saturated 
solution of cupric chloride is added to a saturated solution of isoquinoline 
hydriodide, a dark pasty substance is first precipitated which gradually 
solidifies on stirring with a glass rod. The solidified substance is finally 
broken up in a mortar and sucked to free it from the adhering mother 
liquor, when it is obtained as a brown crystalline powder. 

0.4364 gave 0.0382 CuO; calc, for 2C9H7NHI.CUI2; Cu = 7.58; found 6.98. 

Triethylsulfonium Cupric Iodide, 28(02115)31.CUI2.—When a saturated 
solution of cupric chloride is added to a saturated solution of triethyl¬ 
sulfonium iodide, a red-brown oil is precipitated, which appears black in 
thick layers. The oil is not washed with water since it appears to be de¬ 
composed, giving a dirty brown emulsion. 

0.2544 gave 0.0230 CuO; calc, for 2S(CsH6)8l.Cul2; Cu = 7.78; found Cu 7.22. 

Hence cupric iodide forms, altogether, three types of salt, viz,, 2NH4L- 
Cul2, 3NR4I.2CUI2 and NR4I.CUI2. Of these the first is generally pro¬ 
duced and the second and third types are formed only in exceptional cases. 
The Double Silver Iodides. 

In continuation of the researches on the indirect formation of double 
salts, the preparation of double silver iodides was undertaken. It is 

* Loc, cit. 
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siecesaery to point out that by the direct method, m., the solution of silver 
iodide in solutions of the alkali, ammonia and pyridine hydriodides, cor¬ 
responding double salts were obtained by other investigators. The only 
instance of a double silver iodide prepared by the indirect method is tetra- 
ethylammonium silver iodide, N(C2HB)4l.2AgI by Stromholm.^ He 
prepared the salt by adding silver nitrate to a solution of tetraethylam- 
monium’iodide. 

It is interesting to note that the formation of the double salts of silver 
by the indirect method only holds with the substituted ammonium bases 
of high molecular weight. With the low molecular weight substituted 
ammonium bases, the formation of double salts does not take place, pure 
silver iodide being the precipitate on the addition of silver nitrate to the 
ammonium iodide solutions. This is due to the small affinity betw^een 
silver iodide and the alkali and ammonium iodides. It is for this reason 
that those double iodides of silver with the alkali metals and ammonia 
which can be prepared by the direct method, are at once decomposed 
into the constituents w^hen treated with water. It is to be noted that two 
series of salts have been obtained; with tetramethylammonium iodide, as 
well as with pyridine or quinoline hydriodide, salts of the type NR4I.- 
2AgI are formed; but wnth tetrapropylammonium iodide, a salt of the 
type 2N(C3H7)4l-3AgI is formed. 

The following double iodides have been prepared by adding a solution 
of silver nitrate to a saturated solution of the substituted ammonium 
iodides. 

Tetramethylammonium Silver Iodide, N(CH3)4l.2AgI.- To a strong 
solution of tetramethylammonium iodide a strong solution of silver nitrate 
is added, with constant shaking and stirring. A white precipitate, with a 
faint yellow tinge is obtained. This is filtered and dried in the steam 
chamber. 

0.2271 gave o 155,^ Agl, calc for NCCH^J ^Agl, Ag = 32.19, found 31 44 

This and other salts of the series are decomposed by boiling with dilute 
nitric acid, leaving pure silver iodide. 

Trimethyl-p-tolylammoniuni Stiver Iodide, N (0113)307117!.2Agl.—This is 
obtained as a white precipitate by adding a .solution of silver nitrate to a 
moderately strong solution of trimethyl-;^?-tolylammonium iodide. The 
precipitate is washed with water and dried in the steam chamber. 

Pyridinium Silver Iodide, 06H5NHI.2AgI.—This is obtained as a white 
precipitate by the usual method described above. It is dried in the steam 
chamber. 

0.3005 gave 0.2057 Agl; calc, for C8H4NHI.2 Agl; Ag ~ 3^*7o; found 31.39* 

Quinolinium Silver Iodide, C9H7NHI.2AgI.—^This is obtained as a white 
precipitate which is washed, and dried in the steam chamber. 

^ Ber., 36, 142 (1903). 
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6.3931 gave 0.1649 Agl; cglc. for CyltrNHI.aAgI* Ag >■> 29.51} fotiiid 28,99. 

Tetrapropylammonium Silver Iodide, 2N(CaH7)4l*3AgI.—^With tetra- 
propylammonium iodide, quite a distinct type of salt is obtained, viz., 
2NR4l.3AgI, whereas in Ihe case of other salts, the type NR4l.2AgI is 
produced. The latter type is the one usually formed whereas the former 
t3rpe is only exceptional, being obtained mainly with the heavy baises. 
The salt is obtained as a white precipitate by adding a solution of silver 
nitrate to tetrapropylammonium iodide. The precipitate is washed and 
dried at 100®. 

0.2533 gave 0.1324 Agl; calc, for 2N(CiH7)4l.3AgI; Ag « 24.32; found 24.02. 

Investigations on similar lines are being continued. 

Chbmzcal Laboratory, PRieaiDSNCv Collbob. 


[Contribution prom thb Chemical Laboratory of the University of Illinois ) 

A STUDY OF THE MECHANISM OF THE GRIGNARD REACTION. 

By Lambbrt Thorp and Ouvbr Kamm 
Received March 17, 1914. 

Introduction. 

Ever since the time when Grignard pointed out that the reaction between 
magnesium and alkyl or aryl halides was much facilitated if the latter 
were dissolved in ether, various opinions have, from time to time, been 
promulgated concerning the role of the solvent in the reaction. Evidence 
appears to be at hand pointing to the conclusion that the ether forms one 
or more definite compounds with the magnesium alkyl (or aryl) halide. 
Thus, in the case of methyl iodide, Grignard observed that an addition 
product of the formula (C2H6)20.MgCH8l was left, after the excess of 
ether had been removed in a vacuum. Grignard at first held the view 
that this molecule of ether functioned as ether of crystallization. Further 
evidence regarding the existence of definite compounds of ether and mag¬ 
nesium alkyl halides has been furnished by Tschelinzeff,^ who showed 
that the addition of ether to a benzene solution of magnesium alkyl halide 
caused the evolution of definite and equal amounts of heat for each of 
the first two molecular quantities of ether added. Such an addition prod¬ 
uct would thus correspond to Zelinsky's compound 2 (C 2 H 6 ) 20 .Mgl 2 . 

A definite idea regarding the distribution of valences in the ether ad¬ 
dition products was first put forward by Baeyer and Villiger,^ who, with 
the work of Collie and Tickle® in mind, believed that they had in this 
class of compounds further evidence to strengthen their belief in the 
existence of tetravalent oxygen. Three years previously Collie and 

1 Ber., 37, 2084 (1904); Ibid., 37, 4534 (1904); Ibid., 39, 773 (1906). 

* Ibid., 35, 1201 (1902). 

• J. Chem. Soc., 75, 710 (1899). 
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Tickle* had found that dimethyl pyrone formed a well defined addition 
product with hydrogen chloride to which they assigned an oxonium struc¬ 
ture: 


HCv yCn 

^cc/ 

Accordingly, Baeyer and Villiger represented the substance (C2H5)20.- 
MgCHsI by a somewhat analogous oxonium arrangement: 

CaHsv yMgCHB 

c,n/ N 

Grignard himself finally adopted an oxonium structure, but distributed 
the four valences of the oxygen in a different manner: 

CbHbv yCHz 

}K 

CiH/ ^Mg—I 

Recently, G. StadnikofF* has undertaken to defend the view of Grignard 
regarding the oxonium structure of the addition products of ethers and 
magnesium alkyl halides. His theory conccniing the mechanism of the 
reaction involves first the formation of an oxonium compound through 
the reaction between the ether and the alkyl halide: 

r” \ R* \ /R”* 

^ + r”‘x —► >0<, 

rII/ rII/ \x 

This product is then acted upon by the magnesium to form a monoetherate: 
rK /RI” RI. /R™ 

+ Mg > 0 -( 

^11/ \x Rii/ ^Mg—X 

Upon treatment with water this latter comp)Ound is decomposed in the 
sense of the following requation to give another oxonium derivative: 

R’t \ /Ri« R* Y /R“* X)H 

> 0 < + H ,0 = )> 0 < + Mg< 

rIi/ \Mg—X R"/ 

Being very unstable this substance may break up in several directions; 

Ri \ /R“V —O—R" + R”*—H 

\>( —►R* —0 —r“^ + R“ —H 

r“/ \^r”—O—R’'” + R* —11 

J Loc. cit. 

* J. Russ. Phys. Chem. Soc., 43, 1244 (1911); C. A., 6, 1434 (1912); J. Russ. Phys, 
Chem. Soc., 44, 1219, 1256 (1912); C. A., 7, 983, 9«4 U9i3); Centr., i, 21, 22 (1913); 
J. Russ. Phys. Chem. Soc., 44, 1247 (1912^; Ber , 44, 1157 46, 2496 (1913); 

jr. prakt. Chem , I2] 88> i (1913). 
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What lends apparent strength to the hypothesis of ^dnikofft is this 
very multiplicity of products, as a concrete example of which might be 
cited the following case: Upon decomposing, by means of dilute sulfuric 
acid, the reaction product from magnesium, propyl iodide and diphenyl- 
methyl butyl ether, he obtained symmetrical tetraphenyl ethane, i,i-di- 
phenyl-butane, hydrogen, and diphenylmethyl propyl ether. 

A. I. Gorski,^ in his criticism of the work of Stadnikoif, has pointed 
out the possibility of interpreting his results on the basis of hydrolysis 
and reduction, or of direct reduction, of the ethers from analogy to the 
behavior of zinc alkyls: 

yCsH, yOCtUf, 

(C«H6)3C--0C2H6 -f Mg<^ = (CeH5)3CH + Mg<^ -f CsH, 

His argument is further strengthened by a consideration of the results of 
his work upon the behavior of organo-magnesium compounds towards 
other oxygenated substances. 

Theoretical. 


Upon the basis of the conception of Stadnikoff, regarding the constitution 
of the addition products resulting from the action of ethers upon organo- 
magnesium compotmds, it should be possible to arrive at any given ox- 
onium structure by employing two different combinations of ether and 
halogen derivative; that is to say, for example, it should be possible to 
generate the oxonium compound, 


rIL 


X 


Mg—x’ 


from the two combinations: (i) R*—O—R^.R^^X and (2) R^—O—R^^.- 
R^X. The eviderice as to whether or not identical addition products had been 
formed in the two cases could be furnished by a consideration of the nature 
of the decomposition products. Thus, upon treatment with dilute acids 
and carbon dioxide, respectively, the hydrocarbons, R^—H and R^*—H, 
and the acids R^—COOH and R^^—COOH should not only be generated 
in both cases, but their ratios should be equal. It is the object of the 
present work to test this deduction from Stadnikoff’s oxonium hypothesis 
by employing first, the combination, diethyl ether and phenyl bromide, 
and second, phenetole and ethyl bromide.* 

Upon decomposing, by means of dilute sulfuric acid, the product result¬ 
ing from the reaction of magnesium upon a mixture of diethyl ether and 
bromobenzene, a yield of benzene amounting to 61% of the theoretical 


^ J. Rusi. Phys Chem Soc , 44, 581 (1912); Chem. Centr., 2, 1527 (1912); J. Russ. 
Phys* Chem. Soc , 45,163 (1913); J* Chem. Soc., 104, i, 462 (1913). 

^ It is here assumed that the excess of ether used as a solvent does not change the 
nature of the decomposition products. It is our purpose to investigate the influence 
of this factor 
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was obtamed, as well as a considerable quantity of diphenyl and a small 
volume of gas. This gas, upon examination, proved to be a mixture of 
ether vapor, hydrogen, air, a hydrocarbon (or hydrocarbons) insoluble 
in fuming sulfuric acid, and possibly some ethylene. Upon treatment 
of an ethereal solution of phenyl magnesium bromide with carbon dioxide, 
tjie sole product was benzoic acid, whereas the hypothesis demands the 
simultaneous formation of propionic acid. 

In the case of the combination, phenetole, ethyl bromide and mag¬ 
nesium, the decomposition products with dilute sulfuric acid and carbon 
dioxide were ethane and propionic acid, respectively. Neither benzene 
nor benzoic acid could be detected. The yield of ethane, based upon the 
magnesium in solution, was 97% of the theoretical, whereas in the case of 
bromobenzene and diethyl ether the yield was less than 0.2%. 

Experimental. 

Diethyl Ethery Bromobenzene and Magnesium. 

Decomposition with Dilute Sidfitnc Acid. -The solution of phenyl mag¬ 
nesium bromide was prepared in the usual manner from 12.2 g. (0.5 mol) 
of magnesium ribbon, 79 g. (0.5 mol) of bromobenzene and ux)g. of an¬ 
hydrous ether. At the end of 2.5 hours 0.3 g. of magnesium remained 
undissolved; and the solution was made up to 250 c('. by the addition of a 
sufficient amount of anhydrous ether. 

Three cubic centimeters of the above solution were introduced into a 
buret filled with sulfuric acid at a temperature of 50°. The ether 

was readily absorbed, a layer of benzene separated on tjie surface of the 
acid, and approximately 1 cc. of gaseous product was obtained. 

In order to examine the latter, 100 cc. of the original solution were de¬ 
composed in the same way. ’ The resulting gas measured 27.55 cc., which, 
after treatment with fuming sulfuric acid, decreased to 21.45 cc. An 
alkaline pyrogallol solution reduced this volume to 21.10 cc. After the 
addition of 18.8 cc. of oxygen to 1T.2 cc. of the rCvSidual gas, and explosion 
of the mixture, the volume of gaseous product was 15.5 cc. After treat¬ 
ment with a solution of caustic potash the re.sulting gas measured 12.10 
CC., and the contraction, 3.4 cc., represents the volume of carbon dioxide. 
If we assume the hydrocarbon present to be ethane, the data indicate 
that only 1.7 cc. were formed from tlie decomposition of approximately 
one-tenth of a mol of the Grignard solution, while the amount of hydrogen 
was 6.8 cc. The benzene was found to be soluble in fuming sulfuric acid 
witliout leaving any residual gas. 

The benzene obtained from a vsecond 100 cc. portion of phenyl magnesium 
bromide solution was dried over calcium chloride, purified by shaking with 
concentrated sulfuric acid, and distj^led. Nine grams (b. p. 78-82°) were 
obtained. The residue in the distilling bulb yielded upon distillation i g. 
of pure diphenyl. The above weight of benzene, based upon the bromo- 
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bmmsut^ aad competed for the amotmt of dipheayl formed^ ocmrespoiiids 
to 6i% of the theoretical. 

Decomposition with Carbon Dioxide. —current of dry carbon dioxide 
was passed for 3 hours into 50 cc. (o.i mol) of the cool Grignard solution 
prepared above. At the end of this time the viscous mass was decomposed 
by means of dilute sulfuric acid, and then extracted with ether six times, 
the total volume of ether extract amounting to 350 cc. Since hydro- 
bromic acid could not be detected in this extract, it was possible to de¬ 
termine the total acidity, due to organic acids, by direct titration after 
evaporation of the ether. Ten cubic centimeters of the ether solution 
required 29.00 cc. Ba(0H)2 (0.0281 N). 

A second (50 cc.) portion of the ether extract was evaporated on the 
water bath, and the acid taken up with 100 cc. of hot water. The solution 
was allowed to cool to room temperature (22®), and the excess of benzoic 
acid filtered off. The filtrate, a saturated solution of benzoic acid, and 
suspected to contain some propionic acid, was subjected to distillation. 
An equal volume of a solution of benzoic acid, saturated under the same con¬ 
ditions was distilled at the same time. The results are tabulated below, 
column A containing the values for the acid solution resulting from the 
decomposition of the Grignard compound, and column B the values for 
the blank saturated solution of benzoic acid. 


ist 10 cc. distillate. 

( 0.0281 N). 

Cc. Ba(OH)f. 

A. 

. 1.60 

( 0.0281 m. 

Cc. B*(OH)t. 
B. 

1.72 

2nd 10 dc. distillate. 

. I 95 

2.05 

3rd 10 cc. distillate. 


2.05 

4th 10 cc. distillate . 

. 2.32 

2.25 

5th io*cc. distillate. 

.’ 2.55 

2.55 


Ten cubic centimeters of the saturated benzoic acid solution were found 
to be equivalent to 7.95 cc. Ba(0H)2 solution. A comparison of the above 
values for benzoic acid with the Duclaux constants for propionic acid indi¬ 
cates that the latter acid distils in a current of steam five times as rapidly 
as benzoic acid, and we should, therefore, expect a large pfcr cent, of the 
propionic add to be found in the first portions of the distillate. Calcula¬ 
tions show that the above method, allowing an error of o.i cc. in the 
values for the Ba(0H)2 titrations, is capable of detecting as little as 0.0015 g* 
of propionic acid in 100 cc. of solution. The close agreement obtained 
between the values for the two solutions indicates that propionic add was 
absent. The yield of benzoic acid obtained amounted approximately 
to 50% of -the theoretical. 

Phenetole, Ethyl Bromide and Magnesium, 

Decomposition with Dilute Sulfuric Atid. —^A mixture of 60 g. of phenetole, 
2.4 g, of magnesium in the form of ribbon, 12 g. of ethyl bromide and a 
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crystal of iodine was warmed until solution of the greater part of the 
magnesium had been effected. The reaction was considerably more slug¬ 
gish than in the former case. Butane was evolved, and a precipitate of 
magnesium iodide separated. 

Three cubic centimeters of the clear solution were introduced into a 
buret filled with 5% sulfuric acid, and the resulting gas was drawn off by 
means of a mercury attachment and examined as described below. After 
purification by treatment with fuming sulfuric acid, the volume of gas 
was 35,9 cc. (13® and 727.5 mm.j. The results of the explosion with an 
excess of oxygen indicate that tlie gas was pure ethane: 5.1 cc. gas pro¬ 
duced 10 cc. CO2, 4.9 cc. gas produced 10. i cc. CO2. In tlie dilute sulfuric 
acid which had been used for the decomposition of the phenetole solution 
the magnesium was determined as pyrophosphate. Wt. Mg2r207 == 
0.2004 g. The agreement between the volume of ethane, predicted upon 
the assumption that 22.4 liters of the gas are equivalent to 24.3 g. of 
magnesium, and the volume actually found, is shown in the following table: 


Cc. 

Volume ethane (o : 760 mm.) . . 32.8 

Volume ethane (o : 760 mm )* soluble in 3 cc. phenetole. 7.4 

Total volume ethane. 40.2 

Volume ethane equivalent to 0,2004 g, Mg2Pa07. . 40.3 


The yield of ethane is evidently about 99.7% of the theoretical. Assuming 
a maximum error of i cc. in the several determinations, the yield of ethane 
is still more than 97^0- 

Decomposition with Carbon Dioxide ,—A current of dry carbon dioxide 
was passed into 50 cc. of the cool phenetole solution, prepared in the pre¬ 
ceding experiment. After about two hours, ice water was added to the 
viscous mass, and then enough ammonium chloride to dissolve the mag¬ 
nesium hydroxide. After separation of the phenetole the aqueous layer 
was acidified witli dilute sulfuric acid, and one-half of the solution (no cc.) 
was distilled according to the method of Duclaux. The results were as 
follows: 

ist lo cc. distillate required 8.60 cc. KOH (0.115 N) 

2nd 10 cc. distillate required 8.65 cc. KOH (0.115 N) 

3rd 10 cc. distillate required 6.P5 cc. KOH (0.115 N) 

4th 10 cc. distillate required 5.98 cc. KOH (0.115 N) 

Not a trace of halogen acid could be detected in any portion of the distillate 
before the fifth. 

In order to test for benzoic acid the second half of the solution was made 
strongly alkaline with potassium hydroxide, evaporated on the water bath 
to small bulk, cooled, acidified with dilute sulfuric acid, and extracted 
repeatedly with ether. The ethfcr was distilled, and the residue taken up 
with 30 cc. of hot water. Upon cooling, no benzoic acid separated out. 
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For the purpose of detecting mmute traces of beiumc acid« an eufueous 
solution of copper propionate was employed. Preliminary tests had shown 
that this reagent was capable of giving a distinct precipitate in a neutral 
solution of benzoic acid at a dilution of i : 10,000. Since no precipitate 
was formed in the 30 cc. portion of neutral solution, benzoic acid, if pro¬ 
duced at all in the reaction, must have been present in an amount less 
than 0.006 g. 

Conclusions. 

I. The action of an alkyl (or aryl) halide upon magnesium in the pres¬ 
ence of an ether results in the formation of certain addition products 
which may be represented by the general formula 



2. The Grignard-Stadnikoff oxonium structure predicts that a given 
etherate may be prepared by either of two methods. Experimental data,, 
however, indicate that the compounds formed are not identical—in fact 
all the evidence obtained is contrary to the theory of Stadnikoff. 

3. It is unnecessary to assume any oxonium structure for the Grignard 
compounds in order to account for the decomposition products obtained 
with the common ethers (diethyl and phenyl-ethyl). If, however, the 
assumption of an oxonium structure is devSired, the Baeyer-Villiger formula 
is to be preferred. 

Urban A, Ihu 
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ACTION OF MONOPOTASSIUM ANILIDE AND POTASSIUM PHENOLATE 
UPON D 3 ROMOHYDROXYSTEARIC AND DIBROMOSTEARIC ACID. 

Bv B. R H 0 NOV 8 KI * 

Received March 5, 1914 

In my previous paper^ it was shown that ricinoleic acid was changed 
to diiodostearic by the action of hydriodic acid. This acid upon reduction 
with nascent hydrogen is changed quantitatively to stearic acid. This 
reaction makes it certain that the iodine atoms in diiodostearic acid are 
not added to two neighboring carbon atoms: 

CH3(CH2)6CHI—CH 2 -CHI—CH2(CH2)7C0()H, 
CH3(CH2)6CHI--CH2~ CH2~CHI(CH2)7C0C)H, 
otherwise, upon reduction with nascent hydrogen, an unsaturated acid 
would be obtained, similar to the dihajpgen oleic, elaidic, fumaric, and 
maleic acids, which, upon reduction of their respective dihalogen-deriva- 
’ Ber ., 42, 3339 (1909). 
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tives, give the original acids or their isomers. Consequently the formula: 

CH 3 (CH 2 ) 6 CH 0 H—CH = CH—(CHs) 7 COOH, 
which has been proposed by Kraft^ and based upon decomposition prod¬ 
ucts of ricinoleic acid, cannot be accepted. An acid having hydroxyl and 
a double bond situated at two neighboring carbon atoms, .should, upon 
action of HI, yield also a diiodo acid with neighboring iodine atoms and 
this would give an unsaturated acid upon reduction with nascent hydrogen. 

The property which ricinoleic acid has of passing into stearic and di- 
hydroxystearic acid with hydroxyl groups situated at two carbon atoms 
not adjacent, and into ricinstearolic acid, CH 8 (CH 2)5 — CHCH—CH 2 — 
C=C—(CH2)7C()0H, which formula was given by Goldsobel,* and, on 
the other hand, the products of decomposition of ricinoleic acid such 
as oenanthol and undecylic acid obtained by destructive distillation or 
by oxidation with nitric acid® point to the fact that the coUvStitution of 
ricinoleic acid may be expressed by the formula: 

CH3(CH2)5CH0H- CH 2 *-CH = CH- (CH2)7C00H 
Desiring to obtain some data which would throw more light on this sub¬ 
ject, and at the same time wishing to investigate the action of mono- 
substituted anilide and phenolate upon dihalogen hydroxy and dihalogen 
fatty acids, the following experiments were undertaken. 

It was desired to obtain in the first case dianilidoderivatives of ricinoleic 
and oleic acid: 

CH3(CH2)6CH0H CH 2 -CHlNHCeH^) ~CH(NHC6 Hb)— lCH2)7COOH 
and 

CH3(CH2)7 - CHCNHCeHg) -CHCNHCeHs)- -(CH2)7COOH, 
or, if such compounds are not capable of existence, certain definite products 
of their decomposition. 

Experimental. 

Dibromohydroxystearic acid .—This acid was prepared in the usual way 
by adding 55 g. of Br to 100 g. of ricinoleic acid. After all of the acetic 
acid and ether were gone, a small amount of benzene (25-30 cc.) was added 
to dibromohydroxystearic acid and mixed thoroughly with 50 g. of dry 
and finely pulverized potassium carbonate. The mixture was kept on 
the water bath for a few hours, with occasional stirring and addition of 
benzene to prevent the product from passing into a solid mass. 

For 150 g. of dibromohydroxystearic acid, t8o g. of monopotassium 
anilide were added (double the theoretical amount). This was prepared 
by gradually adding 52 g. of potassium to 200 g. of aniline, diluted with 
benzene to keep the product in liquid form. 

1 Ber., 21, 2730 (1888). 

^Ibid., 27, 3121 (1894). 

^ Ann., 120, 288 (1861); Ber., 23, [2I 444 (1890); 24, 979 (1891). 
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Use reaction between potassium and aniline takes place at the ordinaty* 
temperature, but after a while it is necessary to heat the mixture on the 
water bath and stir occasionally to distribute the melted potassium through¬ 
out the viscous liquid until all is dissolved. 

The casserol containing potassium anilide was placed in ice water and 
the potassium salt of dibromohydroxystearic acid was added in small 
portions and mixed thoroughly. After standing for 2-3 hours at ordinary 
temperature, the mixture was kept on the water bath for 12-15 hours 
With frequent stirring, and after all of the benzene was gone the product 
was placed in a porcelain dish, water was added and the mixture was 
brought to boiling. While still hot, the product was decomposed by adding 
hydrochloric acid and boiling for half an hour. The tarry oil, which solidi¬ 
fies on cooling, was removed from the surface and dissolved in ligroin. 
The solution was kept on the water bath and stirred with a glass rod to- 
help the separation of the tarry matter which solidifies on the bottom. 
The liquid was poured to another beaker, which was kept for a while on 
the water bath until the ligroin solution became clear. In this way most 
of tlie tarry matter was separated. Then the ligroin was distilled off and 
the product was dissolved in alcohol and boiled with some excess of dry 
sodium carbonate and filtered very slowly into a solution of barium chloride 
with constant stirring. After the precipitation was completed, the clear 
liquid was poured off, if the precipitate sticks to the walls of the dish, or 
filtered if the precipitate was flocculent, and thoroughly dried. The 
dry precipitate was placed in a flask and digested with ether for a few 
days at the ordinary temperature, occasionally shaking. The ether solu¬ 
tion was filtered off and digestion was repeated for 12 days. The ether 
was then filtered * off and the residue washed on the filter with ether 
and decomposed by boiling with dilute hydrochloric acid. The fatty 
product which solidifies on the surface was removed, dried and dissolved 
in ligroin. After a few crystallizations from ligroin containing a little 
ether the product was further purified by boiling its alcoholic solution with 
animal charcoal for 20 hours. For further purification, the alcoholic 
solution was saturated with dry sodium carbonate and precipitated with 
barium chloride. The barium salt was recrystallized from boiling water,, 
by adding salt in excess to water (3-4 liters), boiling for one-half hour and 
filtering hot. 

By this metliod all other fatty acids, such as palmitic, stearic and some 
derivatives of oleic acid, were separated as insoluble in water. For the above 
reason the purification of ricinoleic acid by means of the lead salt can be 
avoided. The bulk of the solid, acids can be separated by cooling ricin¬ 
oleic acid below room temperature and filtering off. 

The acid, which was obtained from the barium salt and recrystallized 
from ligroin and ether, crystallizes in shining leaves, which melt at 57-58®. 
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It is soluble in all commonly used solvents and sparingly in hot water, 
yield, about 35% theoretical. 

Analyses of this substance gave results corresponding to the formula; 
OHCHr-CH-CH—(CHj)rCOOH, 

N—C*H6 

which shows that one molecule of monopotassium anilide replaces both 
bromine atoms situated at the neighboring carbon atoms. The hydroxyl 
group of dibromostearic acid is shifted toward the carboxyl group and 
the molecule of hydroxy dibromostearic acid splits up, giving ii-hydroxy- 
9, lo-anilido undecylic acid, 

CH,(CH2)6CH0H—CHs—CHBr—BrCH-(CH2)7COOK -f 2C.H5NHK = 

OHCHj—CH-CH-~(CH2)7C00K -f CeHsNHa -f aKBr -f [CH»(CH2)tCHU 

tarry matter 

NCtHfi 

where both hydrogen atoms of the amino group are replaced, as follows 
from the reaction with nitrous acid, which has no effect on hydroxyanilido- 
undecylic acid: 

vSamples of this acid gave the following results on combustion with 
copper oxide and copper spiral: 

o 2165 and 0.2210 g subs, gave C = 69 83, 69 68; H = 8.85, 8.92; calc, for 
Ci7H2fJ^03, C = 70.10 and H = 8.59 

The amount of nitrogen was determined by the Kjeldahl method: 

0.3630/0.4350 g.; N, 4.54, 4.41; calc for Ci7H26NO.i, N = 4.81 
The barium and silver salt were prepared by saturating an alcoholic 
solution of the acid with dry sodium carbonate and precipitating the fil¬ 
trate with barium chloride and silver nitrate. 

Both salts are soluble in water and alcohol. 

0.3290 g. of the Ba salt gave 18 76^ Ba and 04130 g gave 19.09Ba; calc. 
19 -10% Ba. 

0.6810 g. Ag salt gave 2701^^ Ag, and 0.3085 Ag salt gave 2690?^ Ag; calc. 
27 13% Ag. 

Acetic Ester of Hydroxyamlido Undecylic acid--Tim presence of the 
hydroxyl group in the acid was proved by obtaining the acetic' ester of 
the acid by heating the acid with ten times the amount of acetic anhydride, 
required by theory in a sealed tube at no® during 8 hours. 

It is a colorless viscous liquid which saponifies with caustic alkali to 
the hydroxy acid. The saponification was done in alcoholic solution, using 
3-4 times the quantity of metallic vSodium necessary to neutralize the prod¬ 
ucts of saponification. The blank sample was run at the same time, using 
alcohol from the same bottle. 

1.1395 of the ester required 0.1568 Na ~ 13-76% Na. 

I 2535 of the ester required 0.1714 Na == 13-67% Na. 

Calculated for (CaHsOaNa -f Ci7H24N08Na) 13-81% Na. 
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LactoHe of Hydroxyanilidoundecylic Add. —^HydroxyAtiilid<miidecylic acid, 
on standing for a few weeks, gradually becomes liquid and by loss of one 
mol of water is converted to the lactone.^ The same change takes place 
upon warming the acid with dilute (1-2) H2SO4 for a few hours on the 
water bath. The lactone is easily saponified to the hydroxy acid, 

0.2315 and 0.2420 g. lactone gave 74.38 and 74.46% C;.and 8.03 and 8.70% H. 
Calc, for C17H28NO2, C, 74.)2; H, 8.42. 

Dibromohydroxyanilidoundecylic Acid .—^This was prepared in the usual 
way, using dry ether and glacial acetic acid as a solvent. The amount 
of bromine was added in the proportion of about three atoms of bromine 
to one mol of the acid. During bromination and on standing for twelve 
houils, as well as during evaporation of the solvents on the water bath, 
no evolution of hydrobromic acid was noticed. The dibromohydroxy- 
anilido acid is a viscous yellow liquid which, after a few months of keeping 
in the desiccator, decomposes slightly. Upon reduction with zinc dust in 
glacial acetic acid, the compound was changed to the original acid. This 
reaction and the ability to combine with bromine without evolution of 
hydrobromic acid brings us to the conclusion that the reaction with Br 
is a simple additive one. 

0.2965 g. of the bromide gave 35.28 and 0.3120 g. of the bromide gave 35.32% Br 
Calc, for Ci7Hj4Br2N08, 35*47% Br. 

g-io-Anilidodecylic Acid, CH2-CH—(CH2)7COOH was obtained in 

NCftH, 

exactly the same manner as hydroxyanilidoundecylic acid. Dibromo- 
stearic acid, which was prepared by adding bromine to oleic acid, 
was changed to the potassium salt as described above and mixed with 
double amount of monopotassium anilide. 

CH8(CH2)7CHBr—BrCH—(CH 2 ) 7 C 00 K -f 2C«H6NHK » 

CHa-CH—(CH2)7C00K -f 2KBr + CeH^NH* -f [CH,—(CH2)7)»i 

\/ tarry matter 

NCnH, 

The 'separation of the acid from the tarry matter is carried out in the 
same order as described above, but tlie purification of the acid by crystal¬ 
lizing its barium salt from hot water was omitted. 9, lo-^Anilidodecylic 
acid is a white amorphous powder, which melts at 54-55®, is soluble in* all 
commonly used solvents, but not in water, and does not combine with 
bromine. 

^ The analysis also corresponds to the formula of the lactide 
O.CH 2 —CH-CH — (CH2)7C0 

^ 1 

NCeH, I 

CO(CH,)CH-CH—CHj—O 

V 

NC,H, 
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Analyses of this acid gave the following data: 

0.2030 and 0.1880 g. acid gave C = 73-3o and 73 41; H, 9.07, 8.95. Calc, for 
CwH2aN02, C 73 56 and H «= 8.81; 0.4020 and 0.4240 g. subs, gave (Kjeldahl method) 
N » 5.15 and 5.18; calc. N « 5.36. 

The barium and silver salts were prepared by precipitating the sodium 
salt of the acid with BaCU and AgNOs solution. Both salts are in¬ 
soluble in water. 


0.1995 8- of silver salt gave 29.32% Ag; 0.2570 of barium salt gave 20.59%, Ba; 
calc, for Ci7H22NOj|Ag, 29.34% Ag; (Ci7H22N02)2 Ba, 20.85% Ba. 

The difference in chemical properties between hydroxyanilidoundecylic 
acid and anilidodecylic acid is the readiness of the first acid to form a di- 
bromoderivative. The second acid does not combine with bromine. 

On applying a 1 or 2% solution of potassium permanganate in order to 
change tlie hydroxyanilido acid to the trihydroxy acid, it was found that 
some decomposition took place, but most of the acid was recovered un¬ 
changed. This reaction gives a certain proof, that hydroxyanilidounde¬ 
cylic acid does not possess a double bond in the open chain, and coUvSe- 
quently the two bromine atoms are situated in the benzene ring. 

Phenoxy Derivatives of Oleic Acid were obtained by the action of 
phenol on dibromostearic acid in the presence of potassium carbonate. 
Dibromostearic acid was mixed with 180 g. of pulverized potassium carbon¬ 
ate and 150 g. of phenol. The mixture was heated for twelve hours at 
U)5 108° and frequently stirred. Then water was added and the product 
was salted out as a viscous mass and wanned for some time willi a solution 
of barium chloride. The water was poured off and the precipitate of 
barium salt, a viscous mass, was left on the same dish to dry and then 
transferred to the flask and boiled for a while with alcohol in order to take 
up the moisture and some phenol remaining. After cooling the alcohol 
was poured off and ether was added to extract the oily decomposition 
products of dibromostearic acid. In this ethereal solution was found 
also a considerable quantity of unchanged dibromostearic acid. 

The barium salt remaining undissolved in ether was decomposed by 
boiling with dilute hydrochloric acid and the product was removed after 
cooling and dissolved in ligroin on the water bath. A small part of this 
product was left undissolved in ligroin and was filtered off. The first 
part of this product, which was readily soluble in ligroin, was ciy stallized 
out of ligroin and alcohol. It is a white crystalline powder with character¬ 
istic odor which melts at 58- 59° and according to analysis corresponds 


to the formula: 


CH2- (()CaH5)-(CH2)7C()On 


0.1985 g. and 0.2050 g. subs, gave C = 71*63 and 71*56; H =911 and 9.21; calc. 


for C1RH22O3, C = 72.00; H = 8.80. 


The barium and silver salts were prepared by precipitation of sodium 


salt with BaCb and AgNOs. 
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0.4090 g. of the Ag salt gave 30.19% Ag; 0.4670 g. of the Ag salt gave 30.08% Ag; 
calc, for CisHnOsAg, Ag « 30.25; 0.3315 and 0.3845 g. of the Ba salt gave 21.50 and 
21.42% Ba; calc, for (Ci5H«0s)sBa, Ba » 21.59. 

The bromide was prepared by adding two atoms of bromine to one mol 
of the add. It is a arystalline monobromosubstituted phenoxyadd. 

0.1440 and 0.1275 of the bromide gave 24.18 and 24.09% Br; calc, for Ci6H2iBrOi, 
Br ^ 24,31. 

Condensation Product .—^The second part of this product, obtained 
in very small quantity (about i g.), which is not soluble in ligroin but 
readily in alcohol, and very readily in acetic acid, is a white crystalline 
powder which melts at 96-97 

0.4615 g. of its silver salt gave 11.70% Ag and 0.1790 g of the bromide gave 0.0875 
AgBr « 20.79% Br. 

Judging from these data, this acid is probably a condensation product of 
the decomposition products of the phenoxyadds and corresponds to the for¬ 
mula C60H94O6.—3CH8(CH2)7CH2(C6H80) + CH,(C«H60)(CH2)7C00H— 
for which the calculated amount of silver is i|. 88 % and of bromine cal¬ 
culated for a tribromosubstituted derivative is 20.87%. 

The next experiment for the preparation of phenoxyadds was carried 
out in the same manner as described above, but the temperature was 
raised to 140® and kept there during twenty hours. This product crystal¬ 
lizes from alcohol in large aggregates consisting of long needles, m. p. 54-55 ®. 
The data obtained by analyzing this acid closely correspond to those of 
the first acid CH2—(C6H60)~(CH2)7C00H as follows: 

0.2005 and 0.2120 g. of the acid gave C = 72.06 and 72.13; H * 8.67 and 8.72; 
0-1035 g. of the barium salt gave 21.53% Ba; 0.3160 g. of silver salt gave 0.0955 Ag « 
30.22% Ag. 

The bromide is a white crystalline substance. 

0.1470 and 0.1210 g. of the bromide gave 24.02 and 24.06% Br. 

The identity in composition of these two adds established by analyses, 
and the difference in physical properties points out that the last add is 
either isomeric with the first add or its molecule consists of two molecules 
of the first acid. Consequently it was necessary to determine the mo¬ 
lecular weight of these two adds. 

The determination was done by using the Eijkmann cryoscopic ap¬ 
paratus, using as a solvent glacial acetic add. In spite of care to prevent 
the solvent from taking up moisture, a few determinations of different 
concentration of the solutions gave a depression of melting point cor¬ 
responding to a molecular weight of the first acid CH2—(CeHsO)—(CH2)7- 
COOH, 272-279 against 250; and 516-526 against 498 for 
CH.(CaHBO)—(CH 2 ) 7 C 00 H 


CH.CCbHbO)—(CH 2 ) 7 C 00 H 
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The increased concentration of the solution gives an increase in mo-* 
^lecular weight. 

The data obtained differ greatly from those obtained by analyses and 
the difference between the values of each one of the above acids is too 
considerable to admit assigning a value to any one of these determinations 
by themselves. In comparison with each other, however, they show 
that the molecular weight of the second acid is much greater (almost 
double the first acid). Taking into consideration that these two acids 
are formed under different conditions in temperature and were not found 
together in any proportions in the same experiment and the difference in 
crystalline form and molecular weight, it will be necessary to admit that 
the second of these acids is a condensation product of the first and its 
formula will be according to the formation: 

CH3(CH2)7CHBr—CHBr(CH2)7COOK + 2C6H5OK = 
CH 3 (CH 2 ) 7 CH(C 6 H 60 )—(C 6 H 50 )CH—(CH 2 ) 7 C 00 K + 2KBr 
2CH3(CH2)7CH(C6H50)—(C 6 H 50 )CH—(CH 2 ) 7 C() 0 K = 

(Cem)).CU- (CH 2 ) 7 C 00 K 

I 

(C6 Hs()).CH— (CH*) 7 CC) 0 K. 

Under the same conditions, but lower temperature, two other acids are 
formed: 

CH 8 (CH 2 ) 7 CH(C«H 50 )—(C 6 H 6 (>)CH -(CH2)7C00H = 

CH2(C6H60) (CH2) 7COOH 
and 

[3CH8(CH2)7CH(CeH80) + CH(C6H50)(CH2)7C00H] 

The investigation is being continued. 

Urbana, III. 


[Contribution from thb Department of Chemistry, University of Cincinnati.] 

INTERPRETATIONS OF SOME STEREOCHEMICAL PROBLEMS 
IN TERMS OF THE ELECTRONIC CONCEPTION OF 
POSITIVE AND NEGATIVE VALENCES. 

II. HALOGEN SUBSTITUTION IN THE BENZENE NUCLEUS AND IN THE 

SIDE CHAIN. 

By Harry Shiplry Fry. 

Received March 16. 1914. 

The present paper, the second of a series^ relating particularly to the 
interpretations of some stereochemical problems, is an extension of the 
principles which have been presented, applied, and discussed in previous 
papers.2 The subject matter of this paper, halogen substitution in the 

1 Fry, This Journal, 36, 248 (1914)- 

2 Some of the earlier papers dealt with problems relating to chemical constitution 
from the standpoint of electronic formulas and chemical properties. Fry, This 
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benzene nucleus and in the side diain, may be limited appropriately to a 
discussion and an interpretation of the action of the halogens, chlorine < 
and bromine, upon toluene. There are two very evident reasons for this: 

(1) Toluene is the simplest derivative of benzene which may be regarded 
as possessing a side chain, or, perhaps more correctly, a radical, the hy¬ 
drogen atoms of which arc comparable in their chemical behavior to the 
hydrogen atoms of side chains containing more than one carbon atom. 

(2) Practically all of the research relating to the problem of substitution 
in the benzene nucleus and in the side chain has been confined to the 
action, under various conditions, of chlorine and bromine upon toluene. 

A comprehensive idea of the nature and extent of the work upon this 
subject has been presented by Bancroft from the standpoint of “halogen- 
carriers** and the electrochemistry of light. ^ The general conclusions, 
briefly indicated, are as follows: Toluene undergoes substitution either 
in the nucleus or in the side chain according to the conditions. Schramm- 
found that chlorine or bromine substitute the hydrogen atoms of the 
side chain at o® and at higher temperatures m the sunlight. In diffused 
daylight and in the dark a mixture of ortho and para chloro- and bromo- 
toluene results, and a like effect is produced among the higher homo- 
logues. Cannizzaro® observed that side-chain substitution took place 
in the dark at the boiling point of toluene. On the other hand, nucleus 
substitution is induced by the usual carriers such as ferric chloride, molyb¬ 
denum and antimony pentachloride, iodine chloride, pyridine, and the 
aluminium-mercury couple. The most recent and noteworthy con¬ 
tribution is the work of Cohen, Dawson, Blockey, and Woodmansey,'* 
who found that, at the boiling point of toluene, moist chlorine in the dark 
produces nuclear substitution to the extent of nearly 90%, whereas in 

4 

JouRNAi., 30, 34 (1908); Z. physik Chem., 76, 385 (1911); This Journal, 34, 664 
(1912); Ibid., 36, 262 (1914). Other papers presented relationships between the 
chemical constitution (electronic and dynamic formulas) and the absorption spectra 
of benzene (Fry, Z. physik. Chem., 76, 398 (1911)), of naphthalene {Ibid., 76, 591 {1911), 
and of chloro-, bromo-, and iodobenzene {Ibid., 8a, 665 (1913)). A theory on fluores> 
cence, with special reference to anthracene and phenanthrene, has also been developed 
(Fry, Z. physik. Ghent., 80, 29 (1912))- 

The recent papers of W. A. Noyes (This Journal, 35, 767 (1913)); L. W. Jones 
{Amer. Ghent. J., 50, 414 (1913)); Nelson and Falk (This Journal, 36, 272 (1914)), 
and Stieglitz {Ibid., 36, 272 (1914)), present a variety of interesting applications of 
the electronic conception of positive and negative valences, and also embody references 
to their other papers upon this subject. 

^ J. Phys. Ghent., Z2, 417 (1908). Sec also Cohen and others, J. Ghent. Soc., 97, 
1623 (1910). 

* Ber., 18, 350, 606, 1272 (1885); Ibid, 19, 212 (1886); BuU. Acad. Sdent, Gracaw, 
1898, p. 61. 

* Gompt. rend., 41, 517 (1855). 

* hoc. cit. 
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the light dry chlorine increases side-chain substitution, yielding on the 
, average about 94% of benzyl chloride. Furthermore, they make this 
statement: ‘‘In so far as the resultant effects are concerned, the action 
of moisture is opposed to that of light, for this increases the rate of side- 
chain substitution, and the former accelerates the rate of nuclear sub¬ 
stitution. “ 

Various explanations have been proposed to account for these re¬ 
markable phenomena. Especially noteworthy are those of Bruner,^ 
Bancroft,* and Holleman.* The fundamental features of these explana¬ 
tions should be noted briefly since they are to be reconsidered from the 
electronic standpoint of valence. 

Bruner maintains that side-chain substitution i§ due to molecular 
halogen, while nucleus substitution is effected by halogen atoms or ions 
which result from the dissociation of the halogen molecules. The velocity 
measurements of Bruner and Dluska favor this hypothesis, since both 
side-chain and nucleus substitution processes apparently take place 
according to the requirements of the equation for a unimolecular change, 
if the concentration of the bromine is small. For higher concentrations 
of bromine the values obtained for the unimolecular constant decrease 
as the reaction proceeds. This is attributed to the removal of the active 
bromine from the solution by the formation of a perbromide, (HBrs). 

Bruner*s idea that nucleus substitution is due to ionic bromine is also 
maintained by Bancroft, who further assumes that nuclear substitution 
occurs when negative bromine ions are present in excess of the positive 
bromine ions. This condition is brought about presumably by the partial 
combination of positive bromine ions with molecular bromine to form 
complex positive ions, thus: 

Brj = Br+ + Br^; Bra + Br"^ —^ Brj.Br^' 

On the other hand, Bancroft maintains that side-chain substitution takes 
place under conditions which tend to yield a preponderance of positive 
bromine ions. 

Holleman assumes that side-chain substitution is d^e to molecular 
bromine, while nucleus substitution is brought about by a perbromide, 
HBr„. The formation of these polyhalogen compounds is actually favored 
by low temperature and increasing concentration of solution, and these 
are the conditions which also favor nucleus substitution. 

Notwithstanding the various explanations that have been proposed 
to account for the remarkable phenomena encountered in nucleus and in 

^ Z. physik Chem,, 41, 513 (1902); Bull. Acad Scient. Cracow, 1907, p. 691; Ibid,, 
igxOi pp. 516 and 560. 

* hoc. cit. 

• Rec, trav. chim., 27, 435 (1908). 
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side^diain substitution, Cohen frankly states^ '*ii must be confessed dilSiS 
fwdUng definite is known about the mechanism of the process.^* In this 
connection, it may be of interest to recall a statement made by Brown 
and Gibson® when they formulated a rule for determining whether a given 
benzene mono-derivative shall give chiefly a meta-di-derivative or a 
mucture of ortho and para di-derivatives. They stated that their rule 
is not a law, because “it has no visible relation to any fnechanism by 
which substitution is carried out in one way, rather than in another way;“ 
but, since they found it capable of most rigorous application, they con¬ 
cluded that “it must be related in some way to a law, and may be of use 
in guiding us to the cause of the formation of meta compounds in some 
cases, and of ortho and para in others.*' Now the application of the 
electronic conception of positive and negative valences to the constituent 
atoms of the benzene molecule and to the principles of the Brown and 
Gibson rule not only rendered possible an interpretation of the rule but 
also indicated a mechanism according to which substitution ntust take 
place in one way rather than in another way.* This was a consequence 
of the evidence, both theoretical and experimental, that in benzene the 
hydrogen atoms in positions i, 3, and 5 are negative, while the hydrogen 
atoms in positions 2, 4, and 6 (relatively speaking) are positive. Ac¬ 
cordingly, when substituents are of the same sign or polarity they occupy 
positions which are meta to each other, but if two substituents are of 
opposite sign or polarity they will occupy positions either ortho or para 
to each other. This general principle also rendered possible interpreta¬ 
tions of the anomalous behavior of various substituted derivatives of 
benzene.* Therefore, it is hoped that the extension of these principles 
and the electronic conception of valence to the phenomena and conditions 
of nucleus and* side-chain substitution may afford not only an explanation 
of the phenomena but also indicate a possible and a probable mechanism 
of the process. 

Nucleus Substitution in Toluene. 

Any interpretation of the action of the halogens upon toluene, under the 
various conditions just noted, must take into account the following facts: 
(i) The presence of water (moisture), (2) low temperatures, (3) the 
absence of sunlight (subdued daylight or darkness), and (4) the presence 
of halogen carriers all favor nucleus substitution, with the consequent 
formation of o- and p-chloro- or bromotoluenes. On the other hand, 
the elimination of water, higher temperatures, and sunlight are the condi¬ 
tions which favor side-chain substitution. 

Omitting, temporarily, the discussion of the action of halogen carriers, 

1 "Organic Chemistry for Advanced Students,” 2, 397 (1913). 

* /. Chem. Soc,, 61, 367 (1892). 

* Fry, Loc, cit., This Journai< and Z. physik. Chem, 

* Fry, hoc cit. 
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it is quite important to note that the conditions (i), (2), and (3) which 
favor substitution in the nucleus are the very conditions which promote 
the formation, and conserve the stability of, hypochlorous and hypo- 
bromous acids (HOX) in which the halogen (X) functions positively. 
On the other hand, the conditions which favor side*-chain substitution, 
namely heat, light and the absence of water, are those which render 
hypochlorous and hypobromous acids unstable and promote their action 
as oxidizing agents. These facts are now to be interpreted as warranting 
the assumption that substitution in the nucleus in the presence of water 
(even in minutest traces) is favored by the intermediate formation of 
hypochlorous of hypobromous acids vrhich on interaction with toluene 
effect nucleus substitution of positive halogen. 

It should be recalled, in this connection, that substituted halogen may 
function sometimes positively, sometimes negatively. For instance in 
o- and ^-chloro- or bromonitrobenzenes the halogen atoms are negative, 
since they are exchanged for negative hydroxyl in double decomposition 
reactions with aqueous potassium hydroxide, (K.'^OH"). On the other 
hand, the halogen atoms in the w-nitro compounds are regarded as positive 
for the following reasons: First, the halogen atom is not exchangeable 
for negative hydroxyl. Second, it is in the met a position to the positive 
nitro radical, and, according to the electronic formula of benzene, those 
substituents which are meta to each other are of the same sign or polarity. 
Third, the substitution of halogen in the nucleus is facilitated if the re¬ 
agents are not anhydrous. This indicates tlie possibility of the inter¬ 
mediate formation of the hydroxy halogen acid (HO.X) in which the 
halogen (X) is positive. Accordingly, the electronic equations for the 
formation of m-chloro- and m-bromonitrobenzenes are represented as 
follows: 


H-i 


H 

/\, 


H+ 


H+ 

H- 


+ HO.-NO,+ 


H+ 

H-J 


H- 

/\ 


NO1+ 


+ H+OH 


\/ 
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H+ 
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(Xs = X+X- + H+OH- 
H- 
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H +X- + HO.-X+) 
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H+/\nO!+ 


+ HO.-X+ 


H+ 


H- 
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+ H.+OH- 


\/ 

X+ 


H- 


The substitution of positive halogen in toluene proceeds in the same 
■way, but here the halogen assumes the ortho or the para position to the 
negati've methyl radical as follows: 



XO 40 


fiMOtinr 


cur 


cur 


cur 


H-J 



[H+ H+' 


rx+ 
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+ HO.-X+ —► 
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k J 

Ih- H-i 


IH- 

H-J 
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H+ 


H+ 


X+ 


Further evidence of the positive character of the nucleus substituted 
halogen of toluene is shown by an application of the electronic conception 
of valence to the Brown and Gibson rule^ from which standpoint toluene 
is a derivative of H.+CHs" and not HO. *“0111+. Hence substituents ortho* 
or para to the negative methyl radical must be positive. Moreover the 
substituted halogen atoms are not directly exchangeable for negative 
hydroxyl and hence are regarded as positive. 

The above conclusions are directly opposed to the assumption of Ban¬ 
croft that nucleus substitution is due to negative halogen. The work of 
Cohen, showing that moisture increases both the rate and extent of 
nucleus substitution, also contradicts Bancroft's assumption, if we admit 
the interaction of the intermediately produced hydroxy-halogen acid 
(HO.~X+) upon toluene according to the above electronic formulas and 
equations. 

Since water increases both the rate and extent of nucleus substitution, 
is it not reasonable to regard water as a halogen carrier? This point of 
view may throw some light upon the action of halogen carriers in general 
in eifecting nucleus substitution. For instance, pyridine and iodine 
chloride may be compared to water in that each contains an unsaturated 
atom which renders possible the formation of addition compounds as. 
follows: 

C«H*N -f X-^X —► C1H5N 

•f 

X 

X 
+ 


+ 

X 

Either of these halogen addition-compounds may dissociate in two ways. 
Consider the pyridine compqund: * 

(1) CfiHftNX+X- —► CftH^NX- + X+ 

(2) CjH^NX+X- —► C»H5NX+ + X- 
^ Loc, cit.; also Fry, Zl physiol. Chem., 761 385 (19x1). 
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The previously presented evidence favors dissociation according to equa< 
tion (i) since it would account for the nucleus substitution of positive 
halogen. Further evidence is afforded from the standpoint of a com¬ 
parison of the relative stability of the nitrogen halogen linkings in the 
halogen addition-compounds. The pyridine halogen compound shows 
the linkings (N - + X) and (N H X). The former linking is pre¬ 
sumably the least stable and therefore more likely to undergo dissocia¬ 
tion, yielding positive halogen. This assumption is warranted by the 
extreme instability of compounds embodying this linking. For example, 
W. A. Noyes' first showed that the halogen atoms in nitrogen trichloride 
were positive and bound to negative nitrogen valences. This compound 
is extremely unstable. The substituted nitrogen halides^ also embody 

tlie linking (N-h X) and are likewise very unstable, exchanging the 

positive halogen atom for positive hydrogen of the nucleus thereby de¬ 
veloping a more stable linking (N-f- H) thus 


- 4 

_ -f 


— -t- 

HN- X 

HN-H 


HN-H 

h+'^\h+ 

H+/\x+ 

or 

h+/\h+ 




H-x/H- 

H+ 

H+ 


X+ 


On the other hand the compounds nitrosyl chloride and bromide of the 

- + + 

formula O = N-X embody the linking (N H-X) and are ver\" 

— + 

stable in comparison with the previously noted compounds containing 
the N (-h X) linking.* 


X 



Considering the other typical halogen carrier, Cl- 1 , it appears 

4 

X 

* This Journai^, 23, 460 (1901). 

* Fry, Ibid., 34, 667 (1912). 

* These conceptions are not to be confused with the previously presented idea 
(Fry, Z, physik. Chem., 76, 387 (1911)) that the polarity of a linking may be reversed 
through the transposition of electrons, thus giving rise to the conception of electronic 
isomerism and the possibility of tautomerism of two (or more) electromers, 

4 — -H 

R-^X _R-^X, the existence of either electromer depending upon certain 

physical conditions. These conceptions were subsequently discussed by Bray and 
Branch (This Journal, 35, 1445 (1913)) from the standpoint of valence and tautom¬ 
erism. A recent paper by L. W. Jones develops this conception from the standpoint 
of intramolecular oxidation and reduction, which renders possible the interpretation 
of the reactions of numerous nitrogen compounds {Amer. Chem. J., 50, 414 (T 9 f 3 ))» 
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that the liiaking (I + — X) is more stable than (I — + X) IPliis is 
substantiated by the fact that iodine in iodine chloride and in iodine 
bromide is positive as evidenced by its interaction with potassium hy- 
droxide» yielding potassium h3rpoiodite in which the iodine is positive: 

+ — + —’ — + +— —+ +- 

I- X + aK-O-—► K-O- 1 -f K- 1 + H -O— -H 

Accordingly, the halogen addition compound would maintain the more 
stable linking, I H-X, and yield the positive halogen ion as follows: 



Cl-Cl-1 + X 


X 

From the above points of view the following mechanism, or cycle of 
changes, will illustrate the part played by the halogen carrier in effecting 
the nucleus substitution of positive halogen in toluene. ‘‘ R*' represents 
any halogen carrier such as water, pyridine, iodine chloride, phosphorus- 
antimony- and molybdenum-trihalides, or any other compound con¬ 
taining an atom whidi in uniting with chlorine or bromine X2 increases 
its valence from (n) to {n + 2) as follows: 

X 

+ - + 


JR -h X-^X —► R 



It should be observed that the halogen add eliminated during the 

+ — — 4 * 

course of the substitution is of the type H-X, and not H —— X. 

the la^tter ekctromer never having been identified. If neither oxidationi 
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nor reduction has occurred during nucleus substitution then the elimina- 

tion of H-X is conclusive evidence that the substituted halogen 

atom is positive, the reaction having proceeded as indicated above. 
Halogen carriers of other types may function similarly, i. e., substitute 

positive halogen and eliminate H-X. A further discussion of the 

mechanism of the action of halogen carriers is reserved for a subsequent 
paper. ^ 

Side-Chain Substitution. 

In what respects does side-chain substitution differ from nucleus sub¬ 
stitution? It has just been shown that nucleus substitution of toluene 
3delds ortho and para halogen toluenes in which the halogen is positive, 
but when side-chain substitution takes place experimental evidence 
shows that the substituted halogen atoms are negative. This evidence 
is as follows: 

Benzyl chloride, benzal chloride, and benzotrichloride (or bromides) 
are readily hydrolyzed by water or by potassium hydroxide, yielding, 
respectively, benzyl alcohol, benzaldehyde, and benzoic acids. In each 
of these hydrolyses, chlorine (or bromine) is replaced by negative hydroxyl, 
which signifies that the substituted halogen atoms of the side chain are 
negative. The reaction for the hydrolysis of benzyl chloride, or bromide, 
is typical and may be represented by the following electronic equation * 

H H 

-f — -f -!+--+ -f- 

C6H5.C--f H-O-H —> CtHs.C-O-H + H-X 



H H 


+ 

This reaction may be reversed by the action of hydrogen halide (H-X) 

which converts benzyl alcohol into benzyl halide. This also establishes 
the fact that halogen atoms substituted in the side chain are negative. 
An interpretation of these facts must correlate the electronic conception 
of positive and negative valences with the conditions under which side- 
chain substitution takes place. 

The most significant feature to be noted is that in nucleus substitution 
the positive hydrogen atoms of toluene are replaced by positive halogen 
atoms, which change involves neither oxidation nor reduction. But in 
side-chain substitution, positive hydrogen atoms are replaced by negative 
halogen atoms. In other words, side-chain substitution involves oxida- 
* Any halide functioning as a halogen carrier may conform to the above scheme, 
since its halogen atoms may be unsaturated and hence combine with other halogen 
atoms just as the iodine atom in iodine chloride lends itself to the formation of iodine 
trichloride. 
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tioa aod reductioa: the carbon-hydn^ea linkitig (C-1- H) is *^^ffl;M*** 

to a carbon-halogen linking (C H-X). The negative valeactt^oi 

carbon is oxidized to a positive valence and this change could not Vt^cur 
unless the substituting agent is reduced. Now the substituting Igent 
(molecular halogen, Xt) must undergo dissociation into positive and 

tive halogen atoms, and the negative halogen naturally combines jwith 

■ 4 " 

the positive hydrogen of the side chain to form hydrogen halide, H —^ X, 
This necessitates the conclusion that tke remaining positive halogen ktom 
(nascent halogen)^ acts as the oxidizing agent which converts the negative 
valence of carbon to a positive valence. The positive halogen atom is there* 
by reduced to a negative halogen atom which is then bound by the positive 
valence of carbon. The changes thus involved in side-chain substitution 

'-may be represented as follows: 

. 4 - — 4 - — 

X, « X--X —► X + X. 

H.. + H - + - 

CeHg.C-H + X —► C«Hs.C- + H-^X 

H H 

H - + - H+ - 

CiH,.C- 4 -(X»X 4 - 2 ©)* —► C6Hs.C-^X 

H H 

The remaining hydrogen atoms of the side chain undergo substitution in 
precisely the same manner. 

Having indicated a mechanism which accounts for the substitution 
of negative halogen in the side chain and thereby involves an oxidation 
of negative valences of carbon to positive valences, it is now desirable 
to account for the fact that nucleus substitution does not involve oxida¬ 
tion while side-chuin substitution does. 

It has been observed that the conditions which promote nucleus sub¬ 
stitution (omitting halogen carriers which have been considered) are low 
temperatures and the absence of sunlight. These are the conditions 
which promote the formation and conserve the stability of hypochlofous 
and hypobromous acids, that is, prevent their decomposition as oxidizing 
agents. On the other hand the chief conditions promoting side-chain 
substitution (heat and sunlight) are the very factors which render these 
hydroxy-halogen acids unstable and effect their decomposition as oxidiz¬ 
ing agents. Let us now inquire into the most significant feature of these 
changes. If hypochlorous or hypobromous adds are heated or exposed 
^ An interpretation, from the electronic standpoint, of the nascent state and its 
relation to oxidation and reduction phenomena has been given in a bi'evious paper 
(Fry, This Journai,, 36, 262 (1914)). 

* Positive halogen atoms act as oxidizing agents since they tend to become negative 
by acquisition of electrons. In terms of the atomistic conception of electricity, the 
acquisition of negative electrons is equivalent to the liberation of the so-called positive 
electrons'’ which convert negative valences into positive valences. 
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td the action of sunlight, oxygen is evolved and hydrogen chloride or 
bromide is formed (2HOX —► 2HX + O2). The halogen in HOX is 
positive; in HX it is negative. Hence it follows that heat, and especially 
the photochemical action of lights effect the conversion of positive halogen to 
negative halogen, thus, X"^ —► X"" + 2©. This is the oxidation process 
upon which the elimination of oxygen from HOX depends.^ Now the 
substitution of halogen in the side chain, as described above, is also an 
oxidation process, since it likewise involves the essential change, 
X"^ —> X“ + 2©, induced either by heat or by photochemical action. 
Thus the conditions which favor and promote side-chain substitution 
are correlated with the fact that positive hydrogen atoms of the side 
chain are substituted by negative halogen atoms, which involves the 
reduction of positive halogen to negative halogen, and the consequent 
oxidation of negative valences of carbon to positive valences which bind 
the negative halogen atoms.* 

In this paper some fundamental distinctions between nucleus and side- 
chain substitution have been developed and interpretated in terms of 
positive and negative valences. A common occurrence, however, should 
not be overlooked, namely, that in most substitution reactions it is prac¬ 
tically impossible to so limit and regulate tlie conditions that the sole 
reaction taking place will be either nucleus substitution or side-chain 

^ Electronic equations for this change may be indicated in two ways: The first 
has been described in detail (Fry, This Journal, 36, 267 (1914)). The second is 
from the standpoint of intramolecular oxidation and reduction (L. W. Jones, Loc. cit.) 
and may be represented as follows: 

+ —--f- — -f — — -4- -f — 

2 H-O-—► 2 H-O-—► 2HX -h (2O = O -^O - O2) 

— 4 - 

Either way of interpreting the change involves the reduction of positive halogen 
(an active or nascent form of halogen) to negative halogen and the consequent oxida¬ 
tion of negative valences of oxygen to positive valences. 

* In this connection it may be of interest to note and to correlate another of many 
reactions in which light changes negative valences of carbon to ix)sitive valences. 
Euler and Ryd (Biochem. Z., 97, 106) have shown that lactic acid under the influence 
at ultraviolet rays evolves carbon dioxide. The electronic interpretation depends 
upon the fact that lactic acid readily yields aldehyde and formic acid as follows: 


HO O 



Now in order that formic acid, in which three of the carbon viilences are positive and 
one is negative, may srield carbon dioxide, in which the four valences of carbon arc 
positive, the one negative valence of carbon in formic acid must be oxidized to a positive 
valence. This change takes place when formic acid is catalytically or photochemically 
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wbstjtutian. In other wcurds, the formtion of ortho £ni 4 para haJogpih 
toluenes, in whidi the halogen atoms are positive, and the introduction 
of negative halogen into the side chain, may proceed as simultaneous 
independent chemical changes. As previously noted the former process 
does not involve oxidation and reduction while the latter does. These 
facts are readily correlated with another general property characteristic 
of benzene on the one hand, and characteristic of aliphatic hydrocarbons 
(comparable to side chains) on the other hand. Benzene resists oxidation 
while the aliphatic hydrocarbons and the side chains are generally more 
susceptible to oxidation. 

Finally, it is not impossible to conceive that, under certain conditions, 
which are not as yet determined and interpreted, a positive hydrogen 
atom of the benzene nucleus may be replaced by a negative halogen atom 
(or vice versa) which is characteristic of side-chain substitution, involving 
oxidation and reduction. Such a condition, however, does not invalidate 
the interpretations presented in this paper which are correlated with the 
experimental facts, the conditions of substitution, and the chemical 
properties of ortho and para halogen toluenes, and the side-chain sub¬ 
stitution products. 

In concluding, the relations between the interpretations given in this 
paper and the substitution hypotheses of Bruner, Bancroft, and Holle- 
man should be reconsidered briefly. 

Bruner’s idea that nucleus substitution is due to halogen atoms, while 
side-chain substitution is due to molecules, thus, 

CeHsCHg + 2Br —> BrC«H4CH3 + HBr, 

CeHsCHs + Bra —► CeHgCHaBr + HBr, 
fails to take into account the fact that nucleus substitution (former equa¬ 
tion) does not involve oxidation and reduction while side-chain substitu¬ 
tion (latter equation) does. 

Bancroft’s assumption that nucleus substitution is due to negative 
halogen atoms is not in agreement with the evidence, both theoretical 
and experimental, that the ortho and para substituted halogen atoms of 
toluene are positive. His other assumption that the halogen substituted 
in the side chain is positive is also contradicted by the fact that the halogen 

decomposed, yielding carbon dioxide and hydrogen according to the following elec* 
ironic equation: 

O O 

+ + +1I-4- - + + - - + 

H- C - O - U —► H- C - O -H —► O— C- O + H-H 

->.+ 4.-4 _44_ 

A further discussion of photochemical changes from this standpoint is reserved 
lor a subsequent paper. 
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atoms in benzyl chloride, benzol chloride, and benzotrichloride (or 
bromides) are negative, since they are readily exchanged (without oxida¬ 
tion or reduction) for negative hydroxyl. It is true, however, that positive 
halogen atoms are the active substituting agents in side-chain substitu¬ 
tion, but only by virtue of their oxidizing action and consequent reduction 
to negative halogen (photochemical action) as previously described. 

Finally, Holleman has stated^ “II cst d^montr^, que Thypoth^se, 
suivant laquelle le noyau est attaqu^ par des molecules HBr„, tandis que 
la chdine lat^ale Test par les molecules de brome, a quelque vraisem- 
blance; cepcndant un nombre de difiicultes devoint encore 6tre levies, 
avant qu’elle puisse servir k expliquer les phenom^nas observes.’* The 
very plausible interpretation of the nucleus bromination of toluene through' 
the action of the intermediately formed HBr„ may be readily correlated 
with the interpretation of nucleus substitution and the action of halogen 
carriers as presented in this paper, provided HBr„ be regarded as 
Br 


H 



But Holleman’s idea of side-chain substitution is subject 


1+ 

Br 

to the criticism that it also fails to recognize the side-chain substitution 
process as an oxidation and reduction phenomenon depending upon the 
reaction, —► X“ + 2©, previously considered. 

Cincinnati, Ohio. 


[Contribution from the Harriman Research Laboratory, Roosevelt Hospital, 

New York.] 

STUDIES ON ENZYME ACTION. X. THE LIPOLYTIC PROP¬ 
ERTIES OF HUMAN DUODENAL CONTENTS. 

By K Groroe Palk 
R eceived February 27, 1914 

The enzymes of the digestive tract play an essential part in the changes 
which foodstuffs must undergo before they can be utilized in the animal 
body. Within recent years it has become possible to remove the contents 
of the upper part of the intestinal tract of human beings directly and to 
Study their properties. Much valuable information with regard to the 
enzymes present has already been obtained in this way. The results 
to be described in this paper deal with the lipolytic properties of duodenal 
contents obtained under varying conditions and tested in different ways. 
It is believed that a detailed study of the behavior of one enzyme may at 
the present time be more useful than the routine examination for the or¬ 
dinary digestive enzymes. 

^ Loc, ciL 
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The technique developed by Einhorn^ and by Gross*' and recently 
improved by Palef^,* which consists essentially in the swallowing of a 
soft rubber tube provided at its lower end with a perforated metallic 
capsule, allowing this to reach the duodenum, and subsequent aspiration 
of the duodenal contents by means of a suitable pump, has been used in a 
number of investigations. The enzymes of the duodenal contents have 
been studied by Einhorn and Rosenbloom,* Hess,® Crohn* and Chase and 
Myers. 

The results which were obtained in this investigation may be divided 
into several groups. Although they were not obtained in this order in 
the actual experimental work, for convenience of presentation they will 
be given in the simplest form. The general grouping comprizes: first, 
the results which, so far as present evidence extends, may be looked upon 
as the normal action on fats; second, under somewhat altered conditions, 
lipolytic activity differing markedly from that given in the first group; 
tl^d, some evidently abnormal, or preferably, unexpected lipolytic 
behaviors of duodenal contents; fourth, the action of duodenal lipases in 
the presence of dilute solutions of the chloride, bromide, iodide, and 
fluoride of sodium; and fifth, the effect of a number of neutral inorganic 
and organic substances upon the duodenal lipases. 

The method of obtaining the duodenal contents has frequently been 
described and will not be given here in detail. The Einhorn tube was used 
in every case except with Patient P and was allowed to remain over night. 
Whether or not food was taken before removing the contents will be stated 
in the appropriate places. With Patient P, the Palefski tube was used 
in the manner described by him. Toluol was added to the contents as 
soon as possible after these were obtained, generally within fifteen minutes, 
and the solutions for the tests made up at once. On a few occasions the 
tests were repeated after an interval of several days, during which the 
specimens remained in the ice-chest; but the results showed only incon¬ 
siderable differences from those obtained in the immediate tests on the 
same samples. 

In the course of a study of the lipolytic properties of the castor bean, 
two lipases, which showed distinct differences in their action, were found 
to be present.* .Under comparable conditions of testing, one of these set 

* Med. Rec., 77, 98 {1910). 

* New York Med. 91, 77 (1910). 

* Ibid., Oct. 18, 1913. 

^ Arch. Intern. Med., 6, 666 {1910)) Intern, Beitr. z. Path, u, Ther.d.Erndhrungsstdro. 
2| No. 2 (1910). 

* Am. J. Dis. Child., 3, 304; 4, 205 (1912); 5, 268 (1913); Arch. Intern. Med., xo» 
37 (1912). 

* Am. J. Med. Set., 145, 393 (1913)- 

’ Arch. Intern. Med., xa, 628 (i9i3)« 

» This Journai., 35,1904 (1913)* 
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free more acid from ethyl butyrate than from triacetin (glyceryl triacetate) 
while the other set free more acid from triacetin than from ethyl butyrate. 
Moreover, since Loevenhart^ had found a difference in the action of ex¬ 
tracts of various animal organs on these same esters, it was decided to test 
the lipolytic activity of every sample of duodenal contents with the two 
esters. 

The experimental methods were essentially the same as those used in 
the castor bean work. 0.5 cc. of the duodenal contents were diluted to 
25 cc. with water or the solution to be tested in a 100 150 cc. ivrlenmeyer 
flask. Six of these solutions were made up for each set of tests, i.o cc. 
neutral ethyl butyrate was added to each of two, 0.5 cc. neutral triacetin 
to each of two, 0.5 i .0 cc. toluol to all, and all shaken thoroughly and placed 
in an incubator kept at 38 -40° for 24 hours. At the end of this time they 
were titrated with standard sodium hydroxide solution, very nearly o.i 
normal, with five to ten drops of a 1% phenolphthalein solution in 95% 
ethyl alcohol as indicator. Ethyl butyrate and triacetin in similar amounts 
were allowed to act for the same length of time with 25 cc. water, or solu¬ 
tion, and the acid produced without the presence of duodenal contents 
determined in the same way. The difference between the mean of the 
titrated values of the duodenal contents -solution-ester mixtures and the 
sum of the means of the titrated values of the duodenal contents-solu- 
tion mixtures and of the ester-solution mixtures, expressed as cc. ol 0,1 N 
solution, is a measure of the amount of acid set free by the action of the 
duodenal contents upon the esters. The figures in the following tables 
are all strictly comparable, except for a few in Tables IV and V as indicated 
in the footnotes. 

In Table I are given the results obtained with duodenal contents diluted 
with water. The first ten specimens were withdrawn between one and 
three horn's after the patient had been given a glass of milk. The eleventh 
specimen (A) was obtained an hour after three lumps of sugar and a glass 
of water had been taken, and the last three, a few minutes after taking a 
glass of 0.2% hydrochloric acid. In the table. Column i signifies the 
patient and the treatment prior to the aspiration of the duodenal contents; 
Column 2, the amount of duodenal contents obtained; Column 3, their 
color; Columns 4 and 5, the actions obtained in terms of o.i AT acid 
(corrected for the blanks) produced from i.o cc. ethyl butyrate and 0.5 
cc. triacetin, respectively, in 24 hours at 38-40°, by 0.5 cc. contents in 
25 cc. water; and the last column, the ratios obtained by dividing the 
number of cc. of o.i N acid set free from triacetin by the number of cc. 
set free from ethyl butyrate. The contents were themselves either 
neutral or slightly acid toward phenolphthalein. As a rule, after milk 
1 J. Biol. Chem., a, 429 (1907). 
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had tKen takes, they caatained a ctsisiderable amount of tvMte coagfidated 
material. In the o^er cases tiiey were only sligfhlly turbid. 

Table I.—The Lipolytic Actions op Duodenal Contents Obtained aptbe Takino 

Food. 

Cc. 0.1 JV udd «et free from Ratio. 

Amount. '■ . — . . - . . Add from Triac. 


Case. Cc. Color. Ethyl butyrate. Triacetin. Acid from Et. Bu.* 

A (milk). 25.0 Yellow 7.46 12.21 1.64 

A (milk). 19.2 Yellow 5.09 8.32 1.63 

C (milk). 9.5 Colorless 2.33 7.07 3.03 

(Green tinge) 

J (milk). 15.0 Yellow 4.56 11.20 2 46 

K (milk). 13.0 Ccdorless 2.35 7.71 3.28 

P (milk). 34.0 Yellow 0.73 1.59 *2.17 

I (milk). 35.0 Colorless 2.39 8.03 • 3.36 

D (milk). 24.0 • Yellow-brown 0.45 1.05 2.33 

M (milk). 10.5 Yellow 080 1.26 1.58 

O (milk). 17,0 Yellow-green 2 45 6.36 2.60 

A (sugar). ii.o Cdorless 1.40 3.82 2.73 

(Green tinge) 

B (HCl). 3.0 Yellow x.26 2.05 1.63 

F (HCl). 3.0 Colorless 1.41 3.65 2.59 

H (HCl). 30.0 Colorless 1.59 5.61 3.53 


The volume erf juice and the lipol5rtic activity per unit volume varied 
greatly, nor was there any regularity in the relation between the two* 
It is, however, evident that duodenal contents obtained under these con¬ 
ditions contained an enzyme or enzymes which set free much more acid 
(58-256%) from triacetin than from ethyl butyrate. 

In marked contrast to these results are the figures presented in Table 
II. The specimens, the actions of which are here recorded, were ob¬ 
tained after at least twelve hours abstinence from food. Some of the 
patients drank a little water a few minutes before the duodenal contents 
were aspirated. 

Tabi^e II.— The Lipoi.ytic Actions or Duodenal Contents Obtained without 

Taking Food. 

Cc. OA N acid set free from Ratio. 

Amount. -- - — ^ - - Add from Triac. 


Case. Cc. Color. Ethyl butyrate. Triacetin. Acid from Et. Bu. 

C . 10,5 Yellow 3.59 1.88 0.52 

P. 4.0 Yellow 1.32 1.06 0.80 

L. 30 Yellow 0.36 0.37 1.03 

B. 10.5 Yellow 0.28 0.27 0.96 

A. 8.2 Yellow 0.25 0.15 0.60 


The significant fact which appears from these results is that the actions 
toward ethyl butyrate are distinctly greater than those toward triacetin 
sriien compared with the results of Table I. In every case, at l^st 'as 
much add was liberated from ethyl butyrate as from triacetin, and in one 
case almost twice as much. As regards volume and action per unit 
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volume, the same irregularities appear as in the first group. As compared 
with each other, apparently more duodenal juice may be aspirated than 
in inanition. However, the results are too few in number to permit definite 
conclusions with regard to these questions to be drawn. 

In Table III are presented some apparently exceptional results. 

Table III.— ^Some Unusual or Abnormal Lipolytic Actions of Duodenal Con¬ 


tents. 

Cc. OA N acid set free from Ratio. 


Case. 

Amount. 

Cc 

Color. 

Ethyl butyrate. 

Triacetin. 

Acid from Triac. 
Acid from £t. Bu. 

C(milk). ... 

. II .0 

Yellow 

2.19 

1.68 

0.77 

G{tnilk).... 

20 0 

Yellow 

*•73 

1.38 

0 80 

HCHCl)..,.. 

. 8.2 

Yellow-green 

*•75 

1.41 

0.80 

I (water). 

3.7 

Light brown 

1.50 

6.22 

4 15 


The first three cases of Table III might be included in Table I, but the 
results obtained are typical of the duodenal contents from fasting indi¬ 
viduals, although these patients had taken milk or hydrochloric acid. 
Again, the fourth specimen, although obtained after water had been taken, 
behaved very much like the specimens obtained after taking food. 

A few words, with regard to the pathological conditions under which 
some of the specimens were obtained, may be of interest. Patients E, 
F and H, Table I, were convalescing from typhoid fever. The duodenal 
contents of Patient G, also a typhoid convalescent, displayed a different 
type of lipolytic behavior, shown in Table III, from those of E, F, and H, 
under similar conditions with hydrochloric acid. The duodenal contents 
of G were therefore tested again a week later after drinking milk, but the 
same unusual results were obtained as before (Table III). Patients J 
and K, Table I, suffered from duodenal ulcer at the time the specimens 
were obtained, but no unusual results were found for the lipolytic actions. 
The diagnosis for Patient C was nervous dyspepsia. When he was ad¬ 
mitted to the hospital the results given in Tables II and III were obtained. 
With milk, or after fasting, the type of action was the same and different 
from the action generally obtained after taking food. One week later, 
his condition had improved, and the lipolytic action of his duodenal con¬ 
tents, aspirated after drinking milk, showed tlie usual relations (given in 
Table I). The duodenal contents of Patient I, obtained either after 
taking milk or water, showed no difference in behavior (Tables I and III). 
An operation for nephrolithotomy was performed later. As for the re¬ 
maining patients and others who furnished duodenal contents, there was 
tio evidence of digestive disturbance to call for further remark or description. 

It is evident, therefore, that abnormal results may be obtained from 
time to time even if all the conditions for obtaining the desired secretions 
are apparently satisfactory. For diagnostic purposes, the possibility of 
these exceptional behaviors must be kept in mind. 






tbs^ 

Tht fimAts so far presented show two tjrpes of tipolytic activity^ in the 
duodenal intents, or in other words, two lipases. One of these, moi% 
active toward triacetm, is most in evidence when food is taken, the other, 
which acts chiefly upon ethyl butyrate, appears to predominate in the 
absence of food. There is no reason to suppose that each lipase acts only 
on one ester. On the contrary, it is more probable that each lipase acts 
on both esters, but that one exerts greater action on one ester and the other 
greater action on the other ester. It is extremely suggestive that the 
lipase most active upon triacetin, which like the fats is a triglyceride, is 
the one found after the ingestion of food. It seems probable that this 
lipase predominates in the pancreatic secretion. Support is given to this 
view by the work of Loevenhart,^ already referred to, in which extracts 
of the pancreas of animals were found to be more active toward triacetin 
than toward ethyl butyrate. 

It may be of interest to compare these results with those obtained by 
others. So far as the writer is aware, no comparative study of the action 
of human duodenal contents, obtained with the duodenal pump, on two 
or more esters has been made. Most of the published investigations 
have taken up the enzymic activities more from the point of view of 
practical diagnosis. The investigation of Einhom and Rosenbloom^ 
treated of the different methods for causing the flow of pancreatic juice 
by various foods and drugs and presented much valuable information. 
The study by Bradley* of human pancreatic juice obtained from a 
fistula is of interest in this connection. Very much more action was 
observed with olive oil than with ethyl butyrate. As the result of a num¬ 
ber of experiments with added substance, it was concluded that only one 
lipase was present and acted on the two esters. 

The results presented in this paper with duodenal contents obtained 
after food had been taken (Table I) showed strong action toward tri- 
acefin and much less toward ethyl butyrate. Here, evidently, pancreatic 
juice (and bile) exerted an action similar to that observed in ordinary 
fat digestion. Triacetin was used in place of a fat or oil since it is readily 
soluble in water and comparable conditions could be obtained in different 
experiments. The use of fat or oil would have involved the preparation 
of an emulsion for every set of experiments with the possibility of varying 
conditions at different times. Furthermore, it was realized that it would 
be extremely difficult to approach in vitro the conditions of lipolysis in vivo^ 
such as constant stirring and mixing of the reacting mass, continual addi¬ 
tion of fresh enzyme, continual removal of the products of the reaction, 
etc. It was therefore decided to use comparable conditions, as simple 
as possible, for testing the activities. 

^ Loc, cU. 

* J, Biol. Chem.t 6 , 141 ( 1909 ). 
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The lipolytic activities observed when no food had been taken, and any 
considerable quantity of pancreatic juice and bile, therefore, probably 
absent, indicated the presence of a different lipase in these specimens. 
It may be suggested that this lipase is present in intestinal juice, which as 
is known is secreted in some quantity when the intestinal walls are me¬ 
chanically irritated.^ This may well be caused by the capsule* and tubing 
of the duodenal pump. That intestinal juice contains lipase has been 
shown among others by Boldyreff^ and by Jansen"* in experiments with 
dogs in which fistulas had been established. Unfortunately no experiments 
with different esters are presented which might tlirow light on the possi¬ 
bility of the lipase of intestinal juice acting as indicated here. 

In considering the results obtained witli the two esters, ethyl butyrate 
and triacetin, it must be remembered that the experimental conditions 
used were chosen rather arbitrarily. It is prdbable that a more complete 
study of these, and also of other esters, would give more satisfactory con¬ 
ditions for comparing and studying the activity of the two lipases in duo¬ 
denal contents. 

In many cases it has been found that neutral substances, organic as 
well as inorganic, modify profoundly the actions of various enzymes. 
Since the present paper is concerned only with lipases and their actions, 
it may suffice to mention a few of the investigations which have concerned 
themselves with the actions of neutral substances on the activities of 
lipases before presenting tlie results obtained with human duodenal con¬ 
tents. Uoevenhart and Pierce^ observed a very marked inhibiting action 
of sodium fluoride and hydrofluoric acid on the lipolytic activities of 
extracts of various animal organs on different esters and oils for all except 
the most dilute solutions of fluoride. These had an accelerating action. 
Terroine® showed, with pancreatic juice obtained from dogs with fistulas, 
that this inhibition was not limited to the fluoride of sodium but was also 
shown by the chloride, bromide, and iodide, but to a much less extent 
both on simple esters and on olive oil. In a previous paper of this series,® 
the action of a number of neutral salts on the lipolytic activity of a castor 
bean preparation toward ethyl butyrate was described. The results paral¬ 
leled very closely those obtained by Terroine with an animal lipase on the 
same ester. In particular, the inhibiting action of equivalent solutions 
of the sodium salts, chloride, bromide, iodide, fluoride, increased in the 
order named, and for any one salt with increasing concentration. The 
other results reported there will not be given in detail and other work 

1 E. H. Starling, Principles of Hwman Physiology, p. 788 (1912). 

• Z. physiol. Chem., 50, 394 (1907). 

• Ibid,, 68, 4CX5 (1910). 

" * J. Biol. Chem,, 2, 397 (1907). 

‘ Biochem. Z., 23, 429 (1910). 

• This Journal, 35, 6oi (1913). 
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will not be described further. It may be nteutiomd^ however, that the 
apparently contradictory results obtained in many investigations of the 
action of neutral substances particularly, on lipases and probably on 
enzymes in general, will be found, in most cases to be due to the different 
experimental^ conditions which were used. For instance, the ester used 
niay have been different and may account for the different results ob¬ 
tained; the amount of water plays a part; the formation of insoluble sub¬ 
stances such as insoluble soaps if a salt of a metal, such as calcium, and an 
oil are used; the neutralization of the lipase solution initially, involving 
the addition of an indicator generally dissolved in alcohol and alkali, in 
this way forming a salt, etc.; each action small, perhaps, but unques¬ 
tionably affecting the lipolytic behavior observed. 

The figures presented in Table IV were obtained in the same way as 
those in the previous tables. The results are given for water and for the 
four halides of sodium for o.i molar concentration. As before, the actions 
are expressed as the number of cc. of o.i N acid liberated in 24 hours 
at 38-40® by 0.5 cc. duodenal contents in 25 cc. water or solution from 
i.o cc. ethyl but3rrate or 0.5 cc. triacetin. 

Table IV. —The Lieolytic Actions of Duodenal Contents in o.i Molar Sodium 

Halide Solutions. 

Results with ethyl but5rrate. 


Pkitient. 

HiO. 

0.1 M KaCl. 

0.1 M NaBr. 0.1 M Nal. 

0 l M NaK. 

j. 

.456 

3.60 

3.36 0.40 

0.72 

K. 

- 2.35 

2.13 

0.26 

0.37 

P. 

.... 1.58 

1.24 


0.54 

I*. 

.... 3.66 

2.88 

1.66 0.45 

0.70 

P. 

- 0.73 

0 57 

0.59 0.61 

0.19 

G. 

I 75 

1.31 

0.86 0.46 

0.46 



Results with 

triacetin. 


j. 

.... 11.20 

10,85 

10.33 1.42 

0.68 

K. 

- 7.71 

00 

1.15 

0.21 

P. 

- 3 07 

3-77 

2.94 

0.67 

D. 

.... 12.02 

12.10 

9.08 0 77 

0.71 

P. 

- 1.59 

I 62 

1.48 0.89 

0.33 

G. 

1.41 

1.27 

1.03 0,38 

0.77 


A different behavior was found for the actions of these salt solutions 
with the two esters, and therefore, presumably, the two lipases were 
affected differently. With ethyl but3rrate, the sodium chloride retarded 
the actions distinctly, the bromide somewhat more markedly as a rule, 
while the iodide and fluoride showed the greatest retardations. The 
iodide exerted greater inhibiting action than the fluoride in the greater 
number of cases. Terroine found the retardation to increase in the order, 
chloride, bromide, iodide, fluoride, with an animal lipase; while the same 
order was found with the castor bean lipase. 

^ 0.2 cc. duodenal contents, 48 hours action. 
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With triacetin, sodium chloride (of the concentration indicated) had 
practically no effect or a distinct accelerating action, while the bromide, 
iodide, and fluoride exerted greater inhibition in the order named (one 
result for fluoride showed less inhibition than for iodide, but against this 
must be placed the five showing the opposite). These actions correspond 
very closely to the results of Terroine with animal pancreatic juice on 
triacetin and also with unpublished work with castor bean and soy bean 
lipases. In all these cases, o.i molar sodium chloride solution either had 
no action or increased the hydrolytic action on triacetin ; while with the 
other halides, di.stinct inhibition, which increased in the order bromide, 
iodide, fluoride, was observed. 

Tablk V.— The Lipolytic Actions of Duodenal Contents in Some Neutral Salt 

AND Alcohol Solutions. 

Results with ethyl butyrate. 


Patient. 

H» 0 . 

1 M KCl 

1 M KBr 

1 M KI 1 M KK. 0.1 M NaF. 1 M NaCI. 

A. 

.... 746 




0.88 4.66 

A. 

- 5 09 

2.69 

0.05 M 
MgS 04 . 

2 45 

0 005 M 
MnS 04 . 

0.08 0 41 


. 

.... 3.66 

1.90 

1.60 

1 

M CHjOH. 


D*. 

- 0.90 

0.73 

0.1 M 
CH»OII 

0.1 M 
CiHiOH. 

0.59 

0 23 0.75 

M . 

_ 0.80 

I 93 

2.09 

1 M CsHiOH. 

0.25 

0 . 

.... 2.45 

2.62 

2 .II 

I 70 I 52 


P. 

- 0.73 

0 60 

0.50 


I MNal. 

G. 

. ... 1.75 

Results with triacetin. 

0.04 0.64 


HsO. 

1 M KCl 

1 M KBr. 

1 M KI. 1 M KF. 0 

1 M NaP. 1 M NsCI. 

A. 

_ 12.21 




1.57 8.15 

A. 

- 8.32 

5.42 

0.05 M 
MgS 04 . 

3-75 
0.005 M 
MnSO^. 

0.06 0.48 


I*. 

- 12.02 

7.03 

7.40 

1 M CH,OH. 


D*. 

.... 1.56 

1.29 

0.1 M 
CHjOH. 

0.1 M 
CiH»OH 

1.21 

0.20 2.32 

M . 

- 1.26 

3.15 

2.56 

1 M C»H«OH. 

0.30 

0. 

. ... 6.36 

0.76 

0.65 

0.86 0.99 


P. 

. ... 1.59 

1.37 

I 13 


M Nal. 

G. 

. ... 1.41 




0.08 0.41 


^ 0.2 cc. duodenal contents; 48 hours action. 
^ 48 hours action. 
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T$blt V summarizes the results of a number of miscellaneous experi* 
ments with different salt and alcohol solutions of the indicated concen- 
tn^ons under the same conditions as before. 

The results of Table V will be discussed together for the two esters 
since essentially the same relations appear. The molar solutions of the 
potassium and sodium halides all showed very marked inhibiting actions* 
the inhibition increasing in the order chloride, bromide, fluoride, iodide 
for both esters. The order fluoride, iodide is interesting again in com¬ 
parison with the results discussed in connection with Table IV where the 
more dilute solutions of the same salts were considered. 

Several experiments were made using magnesium and manganous 
sulfates. The concentrations chosen were those which had given the 
most marked and most readily measured accelerations with the lipolytic 
activity of the castor bean preparation. The duodenal contents, however, 
did not show any acceleration either in the action on ethyl butyrate or 
on triacetin, but on the other hand showed very marked retardations in 
both cases. 

A number of results are presented with o.i molar and i.o molar solutions 
of methyl alcohol and ethyl alcohol. In one case, Patient M, very strong 
accelerations toward both esters were observed with the o.i molar solu¬ 
tions of the two alcohols; in the other cases the retardations were very 
marked, except for the o.i molar methyl alcohol solution with ethyl 
butyrate for Patient O where a small acceleration was observed. The 
results with Patient M appear to be exceptional and due to unknown 
causes. The general action of the alcohols may, for the present, be looked 
upon as retarding the lipolysis, in agreement with the results with castor 
bean lipase.^ 

The results summarized in Tables IV and V are of interest from the 
purely scientific point of view in connection with the study of the chemical 
properties and reactions of lipases. At the same time, these accelerations 
and retardations of the enzymic activity due to the neutral salts suggest 
some questions and problems of more direct practical importance. The 
bromides and iodides of sodium and potassium have extensive therapeutic 
use, and it may be asked whether the continued administration of these, 
even in small quantities, will not exert a deleterious influence on digestive 
processes, in connection with fat digestion. Especially would this be 
true for the iodides, which in vitro inhibit so markedly the lipolytic ac¬ 
tivity of duodenal contents. The action of alcohol may possibly be harm¬ 
ful in a similar way. The study of the enzymic activities of the duodenal 
contents of a large number of suitable cases might throw some light on 
these questions. 

The writer wishes to take this opportunity to thank Dr. William G. 

^ This Jqurnai., 55, 616 (1913)- 
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I^yle, Director of this laboratory, Dr. Mortimer Warren, Pathologist of 
Roosevelt Hospital, and the different members of the House Staff of the 
hospital, for obtaining the specimens used in this investigation. Thanks 
are due Dr. I. Greenwald of this laboratory for helping to prepare the 
results of this investigation for publication. 

Summary. 

The lipolytic activity of human duodenal contents was tested in a num¬ 
ber of cases under varying conditions. 

Two lipases were present in the duodenal contents. C)ne of these, 
found as a rule after ingestion of food, was, under certain definite ex¬ 
perimental conditions, more active toward triacetin than toward ethyl 
butyrate; the other, present when no food had been taken, was more 
active toward ethyl butyrate than toward triacetin. The importance of 
these two lipases in diagnostic work was pointed out. 

Lipases, showing similar differences in their actions on the two esters; 
have been shown to be pre.sent in castor beans, and also by Loevenhart 
in extracts of the pancreas and liver of various animals. 

The effect of a number of neutral salts and alcohols in different con¬ 
centrations on the activity of the duodenal contents on the two esters 
was studied. 


CORRECTION. 

In referring to Mr. A. F. McLeod’s paper as abstracted in the Chemical 
Abstracts in my paper on *‘Some Organic Preparations” (This Journai^, 36, 
532), I find that I have not interpreted correctly the statement ^calcium 
or sodium hydroxide solution of o.i %.” This percentage, I find, refers 
to an aqueous solution; whereas my percentages were referred to the alder 
hyde used. It follows, therefore, that the experimental conditions in each 
case were different. 1 take this opportunity of correcting my statement 
in my paper alluded to above, and expressing my regrets to Mr. McLeod. 

L. P. Kyriakides. 


NEW BOOKS. 

The Scientific Work of Morris Loeb, edited by Thbodore W Richards, Professor 
of Chemistry and Director of the Wolcott Gibbs Memorial Laboratory at Harvard 
University, pp. 360, Cambridge, Mass. Harvard University Press. Price, $2.00. 

This volume contains, first, as frontispiece, a pleasing and character¬ 
istic portrait of Morris Loeb; second, a brief but excellent account of his 
life and character, by the editor; third, a collection of lectures and ad¬ 
dresses by Loeb on scientific subjects, some of which have not been published 
before; and finally, a complete collection of Loeb’s experimental re¬ 
searches. The book is very well done. The material has evidently been 





eoUeeted and printed with scntipulous care; even the tcniginal paginarioti 
of previoasly printed articles has been corded* The printing, paper 
ahd .binding are uncommonly good. 

' After reading this volume I have been impressed anew with Loeb’s 
intellectual enthusiasm; with his love for the truth, and with his active 
altruism. These qualities are evident in the Introductory Lecture on 
Physical Chemistry, which, as a young man fresh from his studies in 
Germany, he delivered at Clark University in 1889. They are still to 
be ielt, undiminished after a quarter of a century, in his address at the 
Chemists’ Club, and in the benefactions to humanity and science pro¬ 
vided for in his will. 

The publishers and the editor are to be thanked for having made more 
accessible, “the thoughtful and suggestive writings of one of America’s 
pioneers in the new physical chemistry.” Arthur B. Lamb. 

Rays of Positive Electricity and Their Application to Chemical Analysis. By Sir 
J. J. Thomson, O.M., F.R.S., Pp.vii 132 -f 5 plates. Longmans Green and 
Company. London and New York. Price 5 S., net. 

A book written by Sir J. J. Thomson describing his researches is always 
in demand, and chemists and physicists generally will welcome this account 
of his latest triumph. The book deals with “the experiments on positive 
rays which have been made at the Cavendish Laboratory during the last 
seven years,” and includes, in addition, short accounts of Gehrcke and 
Reichenheim’s experiments on anode rays, also the researches of Stark 
and others on the Doppler effect in positive rays, amplifying and inter¬ 
preting these by means of his own work on positive rays. Short chapters 
are included on spectra produced by bombardment with, and the dis¬ 
integration of metals under the action of, positive rays. It concludes 
with an extended chapter on the use of positive rays for chemical analysis, 
giving, as illustrations of the method, accounts of his own researches 
on the “element of atomic weight 22,” on the nature of X3 the substance 
giving the “3” line, and on the evolution of helium and neon. 

It should be noted that the choice of words is characteristic of the 
author. The name “positive rays” is used in preference to “canal rays” 
as originally applied by Goldstein. The heavy carriers are designated 
as “particles” instead of “ions,” and the word “corpuscle” is retained 
for what is generally termed an electron. 

The opening chapter includes a brief statement of the theory that 
obtains for the magnetic and electrostatic deflections of a carrier. This 
is followed by a detailed description of the author’s experiments made in 
1906. A number of improvements, in both design and manipulation 
soon suggested themselves, and in 1910 the autlior began the use of the 
photographic plate placed inside of the exhausted vessel for obtaining 
a permanent record of the deflection of the rays. Under the simultaneous 
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actioni at right angles to each other, of the electrostatic and magnetic 
fields, the trace on the photographic plate becomes a parabola. By in¬ 
creasing the strength of the fields the parabolas may be given any position 
on the plate desired; if, however, the fields are kept constant the positions 
of the parabolas depend directly on the masses of the carriers, and, since 
the mass bears a simple relation to the atomic weight, the nature of the 
particles can be identified. 

Numerous photographs are reproduced. These are accompanied by 
detailed discussions. During the course of the investigation it was 
found that these carriers may, in the case of many substances, hold more 
than one charge. This introduces difficulties of measurement and of 
interpretation, that, but for the wonderful experimental skill and scientific 
imagination of the author, coupled with mathematical insight, might lead 
to wrong conclusions. As an example, in explaining why certain lines 
were of exceptional brightness on the photographic plate, the author 
says, ‘‘the view which seems to accord best with the observations is 
that the negatively electrified atoms are atoms which were positively 
electrified when in the discharge tube, that they got neutralized after 
passing through the cathode by combining with a corpuscle, and in this 
neutral condition exerted so strong an attraction upon a corpuscle that 
they were able to capture it though moving past it with an exceedingly 
high velocity.” 

Though the photographic plate furnishes an excellent means of de¬ 
tecting the existence of positively charged particles of different kinds 
it is not suitable for comparing the number of these particles present in a 
bundle of positive rays. The effect upon the photographic plate is de¬ 
termined largely by the depth to which the particles penetrate into tlie film. 
The light hydrogen atoms having a velocity of about fourteen times that 
of the heavy mercury atoms penetrate the film farther and therefore 
produce a greater photographic effect. Hence the intensity of the para¬ 
bolic line is by no means proportional to the amount of the element present 
producing it. As an example the hydrogen line is always very intense, 
yet there may be relatively very little hydrogen present. To show this 
to be the case the author used an ingenious device which enabled the total 
charge carried by the particles forming the parabola to be collected on an 
electrometer, and thus the number of charged particles was estimated. 

Next follows a chapter on the information afforded by the positive rays 
as to the constitution of a gas, the nature and properties of the molecules, 
and the process of ionization in a discharge tube. vShort chapters are 
given to a consideration of retrograde and anode rays, followed by Stark’s 
observations on the Doppler effect and amplified by the author’s own 
researches. 

The chapter on the use of positive rays for chemical analysis is very 
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suggestive. The method is a new dep^ute in diemical aiiafysis and ii 
very powerful, (a) Only a small quantity of gas is required—^less thatr 
0,01 cc. at atmospheric pressure will give wdl defined parabolas. (6) 
A new gas in the tube' is indicated by a corresponding new parabola, and 
from its position on the plate its atomic weight may be determined. The 
method is more sensitive than that of spectrum analysis. The author's 
claim that **the technique is not diflScult if appliances, for producing high 
vacua are available** may be challenged by some attempting this method 
of chemical analysis. To produce and maintain for hours at a time a 
vacuum of o.ooi mm. mercury in a discharge vessel the construction 
of which of necessity requires the use of numerous waxed joints, in itself 
requires superior skill. To this add the manipulative skill attending 
the various details of operation such as proportioning the strength of the 
deflecting fields, giving the proper time of exposure, and finally determining 
the constants of the apparatus, gives a fair idea of the technique required 
for the successful use of the method. The success of the method at the 
Cavendish laboratory is a compliment to the wonderful experimentaf 
skill of the author and those assisting him. The method marks a great 
advance in modem chemical analysis. 

As an application of the method he gives Mr. Aston's interesting in¬ 
vestigation of neon. A number of photographs taken with the lighter 
constituents show lines corresponding to helium, to neon, to argon, and 
an additional line corresponding to an element with an atomic weight 22. 
The atomic weight of neon is 20.2. The evidence brought out by this: 
method seems to point to a new element of atomic weight 22. 

The book concludes with a consideration of the continuous evolution 
of helium and neon when various substances are bombarded by cathode 
rays. The gases were examined by the positive ray method. The 
author does not draw any very definite conclusions from his experiments. 
He says, “The view that helium can be got from other chemical elements, 
raises questions of such fundamental character that few will be prepared 
to accept it until every other explanation has been found to be untenable, 
and adds that further “experiments are being made with this object but 
there are very considerable difficulties to be overcome.** 

Chas. T. Knipp. ' 

Physikalische Chemie der homogenen und heterogenen Gasreaktionan imter 
besonder Beriicksichtiguiig der Strahlungs- und Quanten-lehre sowie dea 
Nemstschen Theorems. Dr. Karl Jrllinuk, Privatdozent an der Kgl. Tech- 
nischen Hochschule, Danzig. S. Hirzel, Leipsig, 1913. 814 pp. 221 figures and 

104 tables. Price, 32 marks. 

For the reader, inclined perhaps to expect in this volume merely a 
more extended treatment of the themes usually comprised under the 
statics and kinetics of gas reactions, there awaits a complete surprise,. 
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Ab the author states in his introduction, he would date the beginning 
of a new period in the development of physical chemistry from the an¬ 
nouncement of Planck's quantum theory (1900) and of Nernst's heat 
theorem (1906). These two principles in conjunction with the laws of 
electronics and of energy radiation, he believes are destined to direct 
the future advancement of some of the most important branches of physical 
chemistry. It is for this reason that he has sought to incorporate these 
principles into the science as fundamental in the correct interpretation 
of t^e phenomena of gas reactions. 

The task which the author has set himself, to review an old and much 
investigated field from entirely new theoretical standpoints, and to at¬ 
tempt, at this initial period, to weld the theories and the experimental 
results into a consequential whole, constitutes an ambitious program. 
One can but admire the skill the author has shown in attacking his problem 
and the success that he has met, for the most part, in its solution. If 
portions of the subject here and there appear incomplete or not entirely 
definite, the charge should be laid against the present undeveloped status 
of some of the subjects touched on, rather than the author's treatment. 
That his plan as outlined has been faithfully adhered to, is evidenced 
in the fact that little more than one-third of the text is given up to chemical 
statics and dynamics in the ordinarj’ sense, the rest being devoted, either 
to the development of the necessary physical theories, or to their applica¬ 
tion to the phenomena of gas reactions. If the author has succeeded in 
one thing more than another, it should be in impressing on the reader 
the ever increasing necessity of the physical chemist following closel}" 
the physicist into many of his newest realms of investigation, or some¬ 
times taking the lead, as has been illustrated by Nernst’s development 
of his heat theorem. 

The statics of gas reactions is subdivided in the first 700 pp. into 
theoretical'and experimental parts, under the former of which are treated: 
the two laws of thermodynamics; the application of reversible cycles to 
homogeneous and heterogeneous equilibria; the statics of gas reactions 
treated by the aid of the conception of entropy, and the related concepts 
of free energy and thermodynamic potential, in which connection, the 
relation of Nemst's theorem to entropy, and entropy from the static- 
kinetic standpoint are developed at length. Further as belonging to 
statics, the laws of heat radiation are dealt with under sections on. (a) 
Fundamentals of the theory of heat radiation; (i) phenomena at the 
interior of a radiating medium, (2) phenomena dependent on the surface 
properties of the radiator; (b) KirchofiF's law; (c) radiation pressure; (d) 
Stefan-Boltzmann law of radiation; (e) Wien's law of displacement; (/) 
entropy and temperature of a uniform bundle of rays of definite frequency; 
(h) Planck's radiation formula, including the development of the quantum 
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theoiy. The final section of the theoretical discus^on of gas kinetics is 
particularly instructive and worthy of commendation for its exposition 
of the relation between the theory of heat radiation and specific heat, 
heat of reaction, temperature and Nemst’s heat theorem. 

To the experimental part of gas statics about 200 pp. are devoted, the 
same general order of subject matter being followed as in the foregoing 
sections on theory. The subjects treated are: I. Experiments in heat 
radiation; II. Determination of molecular vibration frequencies with 
the aid of radiation methods; III. Measurement of temperature;IV. 
Measurement of specific heat and heat of reaction, dealing especially 
with the recent work of Nernst and his school; V. Determination of gas 
equilibria experimentally. 

The kinetics of gas reactions receive a somewhat meagre treatment, 
comprised in about 35 pp. which may be perhaps understood, in view 
of the author’s standpoint and the fact that this field has not hitherto 
lent itself so readily to interpretation in the light of the new theories as 
has that of gas statics. But in a text devoting itself to the physical 
chemistry of gas reactions, this brevity must appear, from the standpoint 
of Guldberg and Waage’s law, difficult to justify; on the other hand, one 
should welcome the fact that the space thus saved has been utilized in 
the consideration of other less well appreciated themes. 

In the two final sections of about 50 pp. each, the author deals with the 
electrochemistry and the photochemistry of gas reactions. Under the 
former are described some interesting experiments in the production of 
chemical action by various forms of radiant energy capable of producing 
ionization in the gases acted on, and some very suggestive viewpoints 
are presented* as to the electrical nature of these gas reactions. The re¬ 
viewer has already had occasion to call attention in this connection to the 
neglect of the radioactive agencies (Z. physik, Chem,, 84, 759). 

Finally one finds much pleasure in the full references to the literature 
and the splendid indexes. A feature well worthy of mention is, that 
besides a complete subject index, the subjects are also repeated together 
with the page reference in the authors' index, which proves a very time 
saving device for the reader, and one highly to be recommended. 

S. C. UlND. 

Molecules, A tomes et Notations Chimiques. Memoirs of Gay-Lussac, Avogadro, 
Ampere, Dumas, Gaudin and Gerhardt. Vol. IV of Les Classiques de la Science. 
One plate, pp. 116. Librairie Armand Colin, Paris, 1913. Price, i fr. 20. 

This volume contains the memoirs of Gay-Lussac on the combination 
of gases; of Avogadro on the relative masses of the molecules; of Ampere 
on combining proportions; of Dumas on the atomic theory and on chemical 
notation; of Gaudin on the structure of inorganic substances; and of 
Gerhardt on chemical formulas. 
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The memoirs are arranged to show the gradual development of our 
ideas of the atom and the molecule. To this end H. Le Chatelier, the 
editor of this volume, has added the modem equivalents wherever an 
obsolete or mistaken nomenclature has been used by the author, and has 
also inserted a number of explanatory notes showing the historical or 
logical sequence of the separate contributions. 

The contents of this volume show in striking fashion the predominant 
position of France in the scientific world of the first half of the nineteenth 
century, and at least make us charitable toward the famous pronounce¬ 
ment of Wurtz in 1868 that ‘‘Chemistry is a French science.” Never¬ 
theless, it is unfortunate that to-day, in a collection such as tliis, there 
could not have been a fuller recognition of the contributions toward the 
solution of these fundamental problenls which have been made outside of 
France. Arthur B. Lamb. 

L’Air, L’Acide Carbonique et L*£au. Memoirs of Dumas, Stas and Boussmgault 
Vol. I, of Lcs Classiques de la Science. 4 plates and an engraving, pp. 104. 
Librairie Armand Colin, Paris, 1913* Price, i fr. 30. 

This volume contains the classic memoirs of Dumas and Boussingault 
on the composition of atmospheric air; those of Dumas and Stas, and of 
Stas, on the atomic weight of carbon; and that of Dumas on the composi¬ 
tion of water. There are also biographical notes by H. Le Chatelier on 
Dumas, and by H. Gautier on Boussingault and Stas. 

This volume and the others of the series appear to be carefully pre¬ 
pared. They will be welcomed, not only by the specialist in the history 
of chemistry, but by a wider circle of readers who find enjoyment and 
inspiration in observing the skill, acumen and preseverance with which 
these early investigators attacked their fundamental problems. The 
biographical notes of Gautier and of Le Chatelier are, of course, good. 
They are especially useful in giving the French, in contradistinction 
to the more familiar, German point of view. Arthur B. Lamb. 

Die Atome. Von Jban Perrin, Professor an der Sorboiine, Paris. Mit» Autoriza- 
tion des Verfassers deulsch lierausgcgeben, von Dr. A. I/^ttermoser, A. O. Pro¬ 
fessor an der Kdniglich Technischen Hochschule, Dresden. Mit dreizehn Abbil- 
dungen im Text. pp. XV. -j-196. Theodor Steinkopff. Dresden and Leipzig. 
1914. Price, M. 5, paper; M. 6, doth. 

The extent and nature of the field covered in this monograph is shown 
by the following list of chapter headings. 

I. Atom theory and chemistry: molecules; atoms; the hypothesis of 
Avogadro; structure of molecules; solutions; the upper limit of molecular 
magnitudes. 

II. Molecular motion: molecular velocity; molecular rotation and 
vibration; mean free path. 
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III. The Brownian movement: emulsions; histoty and general dm- 
acteristics; statistical equilibrium in emulsions. 

IV. The laws of the Brownian movement: Einstein's theory; the re¬ 
sults of experiment. 

V. Fluctuations: Smoluchowski's theory. 

VI. Radiant energy and quanta: the black body; extension of the 
quantum theory. 

VII. The atom of electricity: ionization of gases; the atomistic struc¬ 
ture of electricity. 

VIII. The genesis and destruction of atoms: transmutation; counting 
the atoms. 

The subject is treated in the exceedingly lucid and attractive style which 
characterizes all of the author’s writings and which has been well pre¬ 
served by the translator. On most of the topics discussed the author is 
an acknowledged authority, but in a few instances (as in the section in 
solutions, Chapter I) he is evidently not entirely at home and the subject 
is presented in a conventional manner and from a rather antiquated point 
of view, which contrasts strongly with the rest of the book. The in¬ 
genious speculations indulged in, in many instances, are nearly always 
interesting and highly suggestive, although in some cases (as in section 
96) many readers will find it diflScult to agree with the author’s point of 
view. On the whole the book, is for the average reader, the most com¬ 
plete and best written treatment of modem atomistics which has yet been 
produced and is one which every teacher of any branch of chemistry ought 
to read. E. W. Washburn. 

Progressive Chemistry; Practical Experiments for Secondary Schools. By the Teach¬ 
ers of Chemistry in the High Schools of Minneapolis. Miss Kate MacDermh), 
2703 Bloomington Avenue, Minneapolis, Minn. Price, 35 cents. 

This collection contains about 60 well selected and well arranged labora¬ 
tory experiments, each one upon a perforated page. The authors have 
evidently had two objects in view: to select experiments which require 
only the simpler forms of apparatus; and to draw from common experience 
in such a way as to arouse interest in the chemistry of daily life. It is 
to be regretted that the "spoonful” is used as a measure of quantity and 
that there is not a more systematic treatment of the tests for the metals. 
As a whole, however, the collection is admirably suited to its purpose. 

B. S. Hopkins. 

% 

Notions fondamentales de Chimie organiqua. Par Chari^Es Moureau, Membre de 
rinstitut et de TAcad^mie de M^dedne, Professeur i Tl^ole sup^rieure de Phar- 
macie de TUniversit^ de Paris. Quartri^me edition. Paris: Gauthier-Villars, 
1913. 9 Fr. 383 pp. 

Previous editions of this book have been reviewed in This Journai..^ 
* 3a, 1362. 
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The ilresent edition, which is the fourth, contains the more important 
of thi recently discovered facts which should be considered in a book of 
small^ize. The order of arrangement of the several classes of compounds 
is tlM^same as that used in earlier editions; it is severely logical according 
to the symbols of the elements present. This method often leads to un¬ 
fortunate results if the student using the book is to be considered. For 
example, in the chapter on hydrocarbons, the first class of compounds 
descrft>ed, the structure of naphthalene is deduced from the transforma¬ 
tion of phenylisocrotonic acid into a-naphthol. Under alcohols, borneol ^ 
and menthol are described, and their graphic formulas given without any 
statements as to the reasons for their structure or their relation to other 
compoimds. The alphabetical arrangement leads to other curious re¬ 
sults. In the chapter on amines, those containing one, two, and more 
nitrogen atoms are described. This leads to the consecutive treatment 
of ptitrescine, cadaverine, and rosaniline. The appearance of the fourth 
edition is evidence, however, that the book has found a place. It could 
be used profitably by a student, familiar with organic chemistry, in pre¬ 
paring for an examination, when it is desired to have many facts given 
in as brief space as possible. James F. Norris. 

The Al^plication of Physico-Chemical Theory to Technical Processes and Manufactur¬ 
ing Methods. R. Krbmann. Translated from the German by H. E. Potts and 
edited by Ai,bErt Mono D. Van Nostrand Co., New York 1913. 212 pp. 

Price, $3.00. 

The author’s preface says: 

‘'Physical chemistry used to be considered a somewhat tlieoretical 
branch of study, but it has recently developed in such a way as to explain 
many of the empirical observations of technology and to prove extremely 
suggestive of many new methods. Such a tendency may be considered 
one of the highest aims of scientific research. 

“The young chemist frequently feels this in his first few terms, and 
I have found that of all the problems of physical chemistr}’^ the beginner 
shows most interest in those which have a bearing on technical questions. 
On this account, for some years now I have devoted a special section of 
my main course on physical chemistry to ‘the application of physico- 
cheniical theories to technical problems.’ ’’ 

The opening chapter discusses the laws of thermo-dynamics and derives 
the general equation for the free energ>^ of reactions between gases, and 
discusses its application to several cases: gas engines, the production of 
producer gas and water gas and the •Deacon proce.ss. The second and 
third chapters deal with reaction velocity, catalysis and chemical equilib¬ 
rium and discuss numerous illustrations among which may be mentioned; 
the drying of linseed oil, devitrification, the chamber process and the 
contact process for sulfuric acid and the preparation by caustic soda from 
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sodium carbonate. Tbe last four chapters discuss about a scora^rf in¬ 
dustrial processes of a very varied nature from the standpoint of the 
phase rule, e. g., the reactions in the irmi blast furnaces, the alloys of iron 
and carbon, the ammonia-soda process, the setting of Portland cement, 
the manufacture of soap and many others. 

Although colloidal solutions receive their share of attention the prop* 
erties of true solutions are ignored. In the reviewer’s opinion the book 
would be strengthened by a discussion of fractional distillation, of the 
multiple effect vacuum evaporator, and of the great technical significance 
of the latent heat of vaporization of water. Electrochemical processes 
and photochemical processes are omitted entirely. 

Students who have had courses in both physical chemistry and in¬ 
dustrial chemistry will be aided in making the connection between these 
branches of chemistry by a study of the book. The book deserves a place 
on the reference shelves of our college libraries. GrinniSll Jones. 

Die Methoden der Massanalyse. Von Dr. H. Bbckurts. Unter Mitwirkung von 
Dr. O I/t)NiNG. pp. 843-1132. 1913. Braunschweig: F. Vieweg & Son. Price, 
8 Marks. 

This is the third part, comprising the precipitation methods, of the 8th 
edition of F. Mohr’s Lehrbuch, The first edition of this classic of German 
chemistry was issued in 1855-56; the fourth edition in 1874 covered 774 
pages. In the present edition we not only have an account of the methods 
added since the last edition appeared but also a dissertation on the theory 
of precipitation analysis, a brief history of precipitation analysis and, in an 
appendix, a history of volumetric analysis. From this last it appears 
that the earliest volumetric analysis is described by Dr. F. Home in a book 
printed in Edinburgh in 1756 which was translated into French in 1762. 
The German translation which was published at Leipzig in 1762 was 
entitled “Versuche im Bleichen.” The method consisted in adding 
dilute nitric acid to a weighed amount of pearlash until effervescence 
ceased. The volume consumed gave a measure of the goodness of the ash. 

Edward Hart. 

Practical Methods of Organic Chemistry. By Ludwig Gaxtbrmakn. Third Bnidish 
edition translated from the eleventh German edition by William B. SchobER and 
Vahan S. Babasinun. Macmillan & Co. New York. 1914. XVII—40X pp. 
Price, $1.75 

More chemists have received their early organic laboratory training 
from Gattermann’s laboratory manual than from any other similar book. 
This, together with the fact that the manual has lived through eleven 
German editions is ample evidence that there is something very vital 
about it. The well chosen, carefully tested directions for laboratory 
procedure, and the good theoretical discussions won the book a place 
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in its early editions, and this place it has held up to the present. There 
is nothing which attests to the vital nature of the parent German book 
more than the use in many American schools of the imperfect English 
translation. The English book now enters upon its third edition from the 
eleventh German edition. Any teacher in intimate daily contact with 
students in the laboratory is familiar with the ambiguities of the text 
of the second edition. In spite of this, those of us who have called the 
attention of class after class to its uncertainties and errors have continued 
to use the book with the hope that a new edition would soon relieve us 
of the burden of explanation. The new edition has now come and it is 
more than a disappointment, it is a real shock to find that it is practically 
a reprint of the second edition with the new parts of the recent German 
editions added. Those of us who have grown up with Gattermann, 
have suffered with the imperfections of the English rendition, have issued 
typewritten sheets to supplement it, and yet with all this have continued 
to use it, had hoped for better treatment. Here was an opportunity for 
a translator and for a publisher to reward their old friends, and win new 
adherents by issuing a carefully prepared, completely revised and 
modernized English edition. As it is there is certainly good reason to 
doubt the power of the new edition to much longer hold the admirers 
of the old Gattermann. It would be a decided loss to organic chemistry 
in America to have this book fall behind and become valuable for historical 
reasons only, yet there is evidence that such will be the case unless there 
is a change in policy on the part of those in control of the book. 

Not all the fault lies with the English edition. The recent German 
editions are marked by a conservatism not in harmony with the develop¬ 
ment of the last fifteen years. For example, what effective worker would 
prepare melting point tubes and take melting points as Gattermann 
directs? What modern laboratory would allow elementary students to 
distil ether over a water bath heated by a gas flame protected by a wire 
gauze, or would compel them to heat water, turn out their flames and then 
use the hot water? Electricity and steam as safe sources of heat are too 
common not to find mention in a modern book. In the matter of prep¬ 
arations ultra-conservatism is shown in retaining the old and omitting 
the new. Opinions may differ widely as to what preparations should be 
omitted, but there can be no question that some new ones should be added. 
For example, hydrogenization under the influence of metallic nickel, 
colloidal platinum or palladium has been so simplified that examples of 
it have been included in recently published manuals (Noyes, Henle, 
Dupont, Freundler and Marquis) but the reaction is not found in Gatter- 
mami. The same is true of the use of finely divided metallic copper as a 
catalyst in a host of reactions suitable for elementary students. There 
is not a single preparation in Gattermann involving the use of the electric 



I068 f ‘ KSW BOOKS. 

cmrent even in so well known a reactitm as tibe reduction of nitro^OOdt' 
pounds (cf. * Ullmann, No}res, Henle, Sudborough and James).^ The 
preparation of triphenylchloromethane and its conversion into triphenyl- 
Uietiiyl and its peroxide are so simple that they have found a place ip the 
newer laboratory manuals (Noyes and Henle), but not in Gatterpiann. 
The introduction into the new English edition of a few changes pf the 
type just mentioned would have made the book much more satisfactory. 
Failing in this, it might at least have been freed from those ambiguities 
which so disfigured the old edition. For example, "a solution of lo g. 
of aniline in 50 g. of water is previously prepared according to the 
directions already given, and exactly the theoretical amount of hydro¬ 
chloric acid, after it has been well cooled witli ice water, is added to the 
diazo solution, with stirring” page, 262. “On account of the splendid 
phenomena, steam should be passed into the oxidation liquid ” page 
224. “The melted mass is then poured on a strong copper plate the edges 
of which have been turned up and of sufficient size so " page 294. 
Many more such examples could be quoted. 

In spite of all this many of us will continue to use Gattermann in our 
classes, especially the German edition in so far as our students are able 
to read it. We will increase the number of supplementary directions 
given, and will continue to hope that the next English edition will be 
more clearly written and will include a more progressive list of prepara¬ 
tions. 

This third English edition is an attempt to reproduce the eleventh 
German edition. The German edition has been in print for two years 
^d is familiar to most teachers of organic chemistry. It is esseutially 
the same book as the tenth edition which differed from the ninth edition 
only by the addition of a description of Dennstedt’s rapid method of 
pombustion. Two examples of the Barbier-Grignard reaction which have 
been in the German since the sixth edition, issued in 1903, and a 
theoretical discussion of steam distillation, extraction, etc., which have 
l^een in the German since 1905 appear now for the first time in the English 
translation. L. H. Co| 7 B. 
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The dilution law of Ostwald: 

7V(i = /v; or (0 

(7 = fraction ionized, v = dilution, r, = ionic concentration, = con¬ 
centration of un-ionized part, K = dissociation constant), is apparently 
securely based upon the principle of mass action, and yet has definite 
limits in its exact applicability to aqueous solutions of electrol)rtes. The 
law is found, on examination,^ to break down in two directions. 

In the first place, it is followed exactly only if the ionic concentration 
is small. When a certain limiting ionic concentration (approximately 
o.oi N) is exceeded, K begins to increase, and increases steadily with c,-. 
Divergences from the dilution law in this direction are, therefore, met 
with in all strong electrolytes, and also in many of the transition elec- 
trolytes^ at the higher concentrations. (Anomaly of strong electrolytes.) 

In the second place, the law is followed exactly only if the total con¬ 
centration of the electrolyte is small. The limit of exact applicability is* 
^ Wegseheider, Z. physik. Chem , 69, 603 (1909). 

* Kendall, J. Chem. Soc,, xox, 1275 (1912). 
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fixed by Wegscheider^ as lying between v = 32 and v = 16, for typical 
weak electrol3rtes. In more concentrated solutions K shows a decreasing 
value, and the decrease becon^es more and more rapid with increase <rf 
concentration. (Anomaly of concentrated solutions.) It is usual to 
connect this decrease with the increased viscosity of these concentrated 
solutions. 

In concentrated solutions of strong and transition electrolytes, both 
disturbing influences are present and will partially coun^terbalance one 
another. Such cases have been investigated in a previotis communij^- 
tion,* where it is shown that tlie ionic concentration influence is more 
important in relatively dilute solutions, and the total concentration in¬ 
fluence in more concentrated solutions. A maximum value for K is thus 
observed at a certain concentration, the exact point being dependent 
upon the strength of the electrolyte. 

It will be evident that the limits stated above for the exact applica¬ 
bility of the dilution law are only approximate. More exact experimental 
determinations will establish divergences in solutions still more dilute.® 

The partial failure of the dilution law has led to the proposal of many 
alternative formulae for the expression of the dissociation equilibrium. 
Empirical equations for strong electrolytes have been put forward, among 
many others, by Rudolphi,^ van't Hoff,® and Storch.® None of these is 
exactly applicable in all cases, and none has been shown to possess a definite 
theoretical basis. Similarly, no satisfactory formula has been foAnd 
to apply to all concentrated solutions. 

Recently, ,a number of formulae of a more general type have been pro¬ 
posed, expressing in one equation tlie dissociation equilibrium of all elec¬ 
trolytes. Such are the equations of Kraus and Bray,^ and of MacDougaU,® 
which are intermediate between the dilution law and Storch’s equation, 
and may be written in the form: 

Ci^/Cu — K + Dxi* (2J 

{Kf D and n are constants varying with the electrolyte.) Simultaneous, 
the present author® put forward a similar equation: 

7 V(l —' y)v = K-\- C.(i — 7)/7 (3)" 

{K and c are constants varying with the electrolyte.) This equation's 
intermediate between the dilution law and vant Hoff's formula, and is 

^ Loc. cit 

* Kendall, Meddel. frdn K. Vet. Akads, Nobelinstitut, Band a, No. 38 (1913). 

® Kendall, J. Chem. Soc.^ xoi, 1288 (1912). 

♦ Rudolphi, Z. physik. Chem., 17, 383 (1895). 

• Vaat Hoff, Ibid., x8, 300 {1895). 

* Storch, Ibid., xp, 13 (1896). 

^ Kraus and Bray, This Journal, 35, X315 (1913). 

® MacDougall, Ibid., 34, 855 (1912). 

® Kendall, J. Chem. Soc., xox, 1275 (19x2). 
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kss general than equation (2) only because of the absence of a third 
variable constant. The equation represents satisfactorily the dissocia¬ 
tion equilibrium of acids of all strengths in aqueous solutions of lower 
concentration than v = 16. 

In a second communication,^ more concentrated solutions of acids of 
widely divergent strengths have been examined. Here equation (3) 
fails to apply, and gives—just as does the dilution law for weak electro¬ 
lytes—values greater than the experimental value for 7^/(1 — y)v. The 
present paper continues the investigation of these concentrated solutions. 
For simplicity, typical weak electrolytes are first considered. Here it is 
possible to deal with the “anomaly of concentrated solutions“ alone, 
since r, is always exceedingly small. Subsequently, the transition elec¬ 
trolytes are briefly examined; the case of strong electrolytes is reserved 
for a future communication. 

The Ostwald dilution law, as it stands, fails to represent accurately 
the dissociation equilibrium of concentrated solutions of a weak electro¬ 
lyte. This failure, however, is eas}'' to comprehend, since from thermo¬ 
dynamical considerations it is evident that the law can apply exactly only 
to dilute solutions, and must, of necessity, break down when the concentra¬ 
tion of the solute is increased beyond certain limits. In the following 
pages a modified form of the dilution law is deduced, which is found to be 
exactly applicable even at high concentrations, and a possible theoretical 
basis for this modified law is indicated. It is then shown that, with 
the assumption of this theoretical basis, a thermodynamic investigation 
leads to the result that the modified law, unlike the original dilution law, 
would indeed hold exactly at all concentrations. Its agreement with the 
experimental data at high concentrations is demonstrated for several typi¬ 
cal weak electrolytes, and its applicability to equation (3) for transition 
electrolytes is exemplified. Finally, tlie arguments in favor of the theo¬ 
retical conclusions drawn are summarized. 

The Anomaly of Concentrated Solutions .—A good illustration of the de¬ 
crease in the dissociation constant of a weak electrolyte at high concentra¬ 
tions is given by the figures for acetic acid in Tables I and II, below. 

TAsrE I.— Acetic Acid, 25® (Kbndaee). 


V 

A 

100 K 


100X1. 

d. 

100 Ki. 

0.989 

I 443 

O.OQI40 

I . II 2 

0.00174 

i 0084 

0 00184 

X -977 

2.211 

0.00165 

I .056 

0.00183 

1.0043 

0.00188 

3.954 

3.221 

0.00x76 

I .028 

0.00186 

I.0022 

0.00188 

7.908 

4.613 

O.OOI81 

I .014 

00187 

1.0011 

0.00188 

15.816 

6.561 

0.00184 

1.007 

0 00187 

I 0006 

0.00187 

31.63 

9.260 

0.00185 

1. 0(^3 

0 cx)i86 

I 0003 

o.cx)i86 

63.26 

13 03 

0.00185 

1 002 

0.00186 

1 0002 

0.00186 

00 

.^87.0 







Kendall, Meddel frdn K, Vet. Akads, Nobdinstitut, Baud 2, No. 38 (1913). 
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Table II.— Acetic Acid, 25® (Rivett and Sidowicf). 


l/v. ^ 

A/t, 

100 iC. 

n. 

100 JKi. 

d. 

100 K». 

2 . 977 * 

I 854 

0.00077 

1*347 

0.00139 

X 0235 

0.00165 

2.0060 

1.789 

0.00106 

1.230 

0.00161 

1.0x62 

0.00180 

1.4886 

1.671 

0.00125 

I 169 

0.00172 

1.0122 

0.00186 

1*3374 

1.620 

0.60131 

1.150 

0.00173 

1.0109 

0.00x86 

1.0029 

*•474 

0.00144 

I 112 

0 00179 

I .0084 

0.00189 

0.8917 

1*415 

0.00150 

1.098 

0.00181 

I 0074 

0 00190 

0.6687 

1.264 

0 00160 

1*073 

0.00184 

I 0036 

0.00191 

0.3722 

0.9722 

0.00170 

1.041 

0.00184 

I .0032 

0.00188 

0.1861 

0.7079 

0.00181 

1.021 

0.00188 

1.0017 

0.00190 

0.0930 

0.4986 

0.00180 

1 .OIO 

0 00184 

I .0009 

(0.00185) 

0.0402 

0.3372 

0.00192 

1.004 

0 0019s 

1 0004 

(0 00195) 


The experimental data in Table II are selected from a series of determina¬ 
tions by Rivett and Sidgwick;' the density and viscosity results in both 
tables are also obtained from the same paper, by interpolation from the 
figures there given. (A = equivalent conductivity, ri = relative vis¬ 
cosity (water unity), d = relative density.) 

It will be seen, from the third column of these tables, that the dissocia¬ 
tion constant 100 AT is a true constant for solutions less concentrated 
than V — 16f but that for higher concentrations the value obtained de¬ 
creases, first slowly and afterwards more rapidly. (In Table II the con¬ 
stancy of the values at high dilutions is rather obscured by the relativdy 
greater experimental error.) 

There is, however, a viscosity correction to be applied to these results. 
The exact relation between conductivity and viscosity has been investi¬ 
gated and established by the researches of Green,® Johnston,’ Washburn,* 
and Noyes and Falk,® The general conclusion drawn is that the simple 
equation, 

Arf/AoVo = constant, (4) 

(Ao = equivalent conductivity and rjo = viscosity at zero concentration 
of solute) is not exactly followed; but rather the equation, 

A/Ao = constant (170/1?)", (5) 

(w is a constant varying with the electrolyte.) Nevertheless, n is in moi>^ 
cases so nearly equal to unity, and its exact determination is a matter 
of such difficulty, that we may assume, with Noyes, that the safest correc¬ 
tion we can make is by the use of equation (4) above. In any case, the 
residual error will be small, unless very high concentrations (above nor¬ 
mal) are considered. 

Hence we obtain the corrected values for the dissociation constant by 

^ Rivett and Sidgwick, J. Chem. Soc., 97, 734 (1910). 

* Green, /. Chem. Soc., 93, 2049 (1908). 

^ Johnston, This Journal, 31, 1010 (1909). 

* Washburn, Ibid., 33, 1461 (1911). 

* Noyes and Falk, Ibid., 34, 454 (1912). 
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employing the expression \ri instead of the experimental value A for the 
equivalent conductivity in the above tables. These corrected values 
are given under the heading 100 Ki. The application of the viscosity cor¬ 
rection has not destroyed the divergences at the highest concentrations, 
where a steady decrease in the dissociation constant is still evident. 
Further examination into the cause of these divergences is therefore neces¬ 
sary. 

In the following section, the dilution law itself is critically examined 
and its exact theoretical basis tested. A modified form of the dilution 
law is tentatively proposed, which is subsequently applied to the above 
experimental data and found to account for the divergences up to very 
high concentrations. 

A Modification of the Dilution Imw. —The exact significance of the Ost- 
wald dilution law will first be studied from the simple kinetic standpoint. 

We have, for a uni-univalent electrolyte of the type RX, the dissocia¬ 
tion equation, 

RX r+ + x-, (6) 

from which, by the application of the law of mass action, the dilution law 
is immediately obtained in the form 

= /v. ‘ (7) 

The right-hand side of equation (6) presents no difficulty from the 
kinetic standpoint.^ The concentration of each ion is and by the im¬ 
pact of two ions of opposite charge the undissociated salt is formed, with 
the mutual neutralization of the charges. The mechanism of the equi- 
fibrium reaction on the other side of the equation, however, is by no 
means so clear. A definite conception of the nature of the reaction on the 
left-hand side of the equation has not yet been obtained, and, in spite of the im¬ 
portance of the question, it does not seem to have attracted any great attention, 
or to have been answered in any but the vaguest manner. 

The above statement may be further emphasized by an extract from a 
recent communication by Walden:^ “The greater the dielectric constant 
of the interposed solvent, the less is the electrostatic attractive force [be- 

' That is, so long as the ionic concentration is small. If exceed a certain limit, 
then the electrostatic forces existing between the charged ions become of importance 
in the equilibrium, and we have the “anomaly of strong electrolytes “ 

* Walden, This Journal, 35, 1649 (1913). This communication first reached the 
author’s notice after the present investigation was practically completed. Walden 
has attacked the subject from precisely the opposite direction to that here followed, 
ttamely, by a consideration of the “anomaly of strong electrolytes” from tlie increase 
in the dielectric constant of the solvent due to the dissolved salt. The view is expressed 
that “the process of disaggregation of the polymerized salt molecules also causes and 
induces the process of ionic cleavage.” The conclusions drawn in the present paper 
are not necessarily in opposition to those advanced by Walden, but may rather be 
considered as confirming and supplementing them, as will be shown later. 
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tween ions of unlike charge], and with the greater difficulty does the re^ 
combination to electrically neutral molecules take place* Nevertheless, 
the neutral molecules will be formed in the solution. Why then do they 
again break up into ions? For what reason does the neutral salt molecule 
break up into ions at all, as soon as it enters into solution? This funda^ 
mental question has, up to the present, not been answered. Strangely 
enough, we do not even make a serious attempt at its solution.'* 

In the dilution law, as it stands, it is tacitly assumed that the undisso* 
dated molecules RX break up quite spontaneously into the separate ions 
and X~. The whole equilibrium is taken to be exactly analogous to that 
existing in gavseous dissociation, and the analogy is indeed sufficiently 
striking. Nevertheless, there are fundamental differences between the 
two phenomena of gaseous and ionic dissociation, and one is the influence 
of the solvent medium upon the equilibrium in the latter case. The 
nature of the solvent plays an important part in determining the degree of 
dissociation of the dissolved electrolyte. 

The role of the solvent in the dissociation equilibrium (except from the 
point of view of the dielectric constant) has been strangely neglected by 
the followers of the dissodation theory of Arrhenius.^ The tendency has 
been to treat the solvent simply as so much “dead space.** The upholders 
of the solvate theory, on the other hand, have referred all dissociation 
phenomena to interaction between solvent and solute. ^ 

A general, but indefinite, feeling of dissatisfaction with the present 
position (as is indicated above by Walden) has certainly existed amon^f 
the followers of the dissociation theory, and this feeling has occasionally 
found its way into print in well-known text-books, where definitions o| 
electrol)rtic dissociation may be foimd, which undoubtedly do not agree 
with the hypothesis of spontaneous dissociation of the undissociated 
molecule tadtly assumed above. For example, Stieglitz* states: “When 
an ionogen is dissolved in water, its molecules are immediately, more or 
less completely, dissociated by the water into smaller fragments or mole¬ 
cules of unlike composition.** Similarly, Alexander Smith* writes: “The 
conducting power of the solution is indissolubly connected with the fact 
that the original molecules of the solute have been broken up by the spl- 
vent into smaller molecules containing one or more atoms.’’ Nernst* 

^ Compare Lowry, Science Progress (1908). 

•Stieglitr, '‘Qualitative Chemical Analysis,*' Part I, page 41. The italics are 
iti the original. See also pages 6z-*66, where the ionizing power of solvents (as related 
to their dielectric behavior, the unsaturated condition of their simple molecules, and 
their x>ower of association) is critically examined, and the above idea is repeatedly 
expressed. 

* Alexander Smith, "Introduction to Inorganic Chemistry," page 317. 

^ Nemst, TheoreHsche Chemie, Sechste Auflage (1909), page 534. See also repeated 
statements on pages 378-80. 
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states: *‘Der Umstand, dass gerade das Wasser die ganz besondere Fahig- 
keit besitzt, gelozte Stofife electrolytisch zu spalten, legt die Vermutung 
nahei dass bei der lonenspaltung chemische Verbindungen mit dem 
Wasser eine Rolle spielen.*' Here there is not only the statement that 
the solvent splits up the undissociated molecules into the separate ions, 
but tlie possibility also is noted that, in so doing, the solvent actually 
combines with the solute to form hydrates and hydrated ions.^ Ostwald® 
himself goes so far as to say: “Das Wasser nimmt, in Bezug auf seine 
Fahigkeit elektrolytische Dosungen zu bilden, oder Stoffe in lonen zu 
spalten, eine ausgezeichnete Stellung ein.“ Arrhenius® also speaks of 
“die Fahigkeit der Ivosimgsmittel, Elektrolyte in lonen zu zerlegen.“ 

Now, if the molecules of the undissociated salt in the solution are in¬ 
deed broken up by the molecules of the solvent into the separate ions, then 
the concentration of the solvent in the solution should appear in the 
equation of equilibrium, and the simple dilution law is not valid. The 
equation is modified into the form: 

(7) 

== concentration of solvent in tlie solution.) At moderately high 
dilutions becomes practically constant, and the equation reduces to 
the simple dilution law. At higher concentrations of solute, c, begins to 
diminish, since molecules of solvent arc being replaced in the solution by 
molecules of solute. 

We may write equation (7) in the form: 

= Kcs, 

from which it is at once evident that the equation is qualitatively in ac¬ 
cordance with the fact, shown by the results of experiment, that cjcu 
is not constant at high concentration of solute, but exhibits a decreasing 
value. The validity of the equation at high concentrations may be tested 
quantitatively with the help of the density data. 

This is done for acetic acid in the last columns of Tables I and II above. 
The values under too are corrected by means of the ratio: 
weight of solvent in one liter of pure solvent! weight of solvent in oneliter of solution 
and the results are given under 100 which therefore represents 100 K 
in equation (7) above. 

' The subject of the hydration of ions has recently attracted much attention; for 
a summary of the bearing of the subject on the present discussion see Wegseheider, 
Z. physik. Chem,, 69, 605-6 (1909). Ciamician, reviewing the results obtained, makes 
the significant statement: "Alles scheint darauf hinzuweisen dass die Annahme, nach 
welcher die Dissociation in Ldsungen durch das Lfisungsmittel vermittelt und bedingt 
wird, heute an Berechtigung gewonnen hat und den bekannten Tatsachen am besten 
entspricht,"' Z. physik. Chem., 69, 100 (1909). 

* Ostwald, Lekrbuch der Allgemeinen Chemie, Band 2, Teil i (1893), page 705. 

* Arrhenius, Lekrbuch der EUktrochemie (1901), page 55. Also ‘‘Theories of Chem¬ 
istry” (1907), page 83. 
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It will be seen that the values for the dissociation constant are now 
really constant^ up to concentrations of solute well above normal. (In 
very highly concentrated solutions there is still a slight decrease; this is 
considered in a later section.) Equation (7) is therefore valid for the 
expression of the dissociation constant of acetic acid in concentrated solu¬ 
tions. In subsequent tables it is shown that it is similarly applicable 
to other weak electrolytes. Meanwhile, some theoretical consequences 
of the hypothesis put forward above will be considered and its legitimacy 
tested. 

In one respect it will, at first sight, appear that the dilution law of 
Ostwald claims preference over the modified law advanced above, namely 
in its simplicity. In equation (7) a variable factor, has been brought 
into the equation for the dissociation equilibrium, and this factor varies 
with the concentration in the desired direction for improving the con¬ 
stancy of K at high concentrations. Hence it may seem that the intro¬ 
duction of the variable factor Cs into the equation is simply a mathematical 
trick, which improves the agreement with the experimental results only 
by destroying the original simplicity of the dilution law. If this were 
indeed so, then the generally accepted theoretical basis lying behind the 
dilution law of Ostwald (the assumption of spontaneous dissociation of 
the undissociated molecule) could not legitimately be called into question 
here. 

In the following section, however, it will be demonstrated that the 
above objection is not valid. The equilibrium of ionic dissociation has, 
so far, been considered only from the simple kinetic standpoint. When 
an exact thermodynamic examination is made, it is found that the original 
simplicity of the dilution law is not sacrificed by the modified view taken 
of the nature of the dissociation equilibrium; but that the dilution law has, 
on the other hand, actually become less complicated, inasmuch as certain 
simplifying asstunptions, necessary for the development of the equation 
in its original form, may now be dispensed with. 

Thermodynamic Investigation of the Dissociation Equilibrium. —The dilu¬ 
tion law is first developed below in its original form and examined from 
the thermodynamic view-point. The modified form of the law, as deduced 
from the theoretical considerations advanced above, is then similarly de¬ 
rived, and the results compared. 

For the Ostwald dilution law, the line of argument followed is substan¬ 
tially that given by Partington* in an investigation on the ionic equi¬ 
librium in solutions of electrolytes. 

'‘The thermodynamic investigations lead to the equilibrium isotherm:* 

* Partington, J. Chem. Soc., 97, 1159 (1910). 

^ It has been pointed out to the author by D. A. MacInnes that this is not a purely 
thermodynamic equation. From the laws of thermodynamics alone we arrive at the 
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n' log c' + log + n'" log c'" +. = log A', 

where K is a function of the temperature and total pressure for given com¬ 
ponents, but is constant at constant temperature and pressure, K is inde¬ 
pendent of the molecular concentration (c) and numbers of molecular 
weights (n) of the components. Thus: 

.= A (A) 

For the ionization of a binary electrolyte: 

Rx r+ -f x- 

{c^,) (cj (c,) 

cu/c\ == K (B) 

If n«, n„ n< are the corresponding numbers of molecular weights of the 
components, 

Cu = ««/ («« + + «,); 

^1 = + 2n, -f nO; 

where refers to the solvent. 

Substituting in (B), we obtain: 

+ ns)fn\ == constant (C) 

This reduces, when and n^ are small compared with n^, to the form: 

n^.n^jn^ == constant 

Let V be the volume of solution containing one molecular weight of 
total salt, then {again only if n^ and w, are small cofnpared with n^), we have, 

ns ~ kv{nu + n,), 

where k is a constant of proportionality. 

Thus finally, 

Wm(Wu + = constant. (D) 

This equation is as far as thermodynamic theory will proceed; to bring 
the result into a region accessible to experimental test, a further assump¬ 
tion is necessary. The determination of n„ the ionic concentration, is 
made possible if we accept Arrhenius' fundamental theorem that the 
ratio of the number of “active" (or ionized) molecules of the electrolyte 
to the total number, active and inactive, present in a given portion of 
solution is equal to the ratio of the molecular electrical conductivity of 
the solution to the limiting value of this when the dilution is very great: 

+ w,) = A/Ao = 7 (E) 

Substituting in (D) the value of + n,) from (E), we obtain: 

AVAo(Ao —A)y = constant = K (F) 

This is Ostwald's Dilution Law. 

equation: n'v'dir^ -|- riVdit*" -f n'"v"'d 7 r"' 4- . . .. = o. (Compare Washburn, 
This Journal, 32, 484 (1910).) The equation given above is obtained by the integra¬ 
tion of this and with the use of the further assumption that the relation c ^ kv holds, 
(r osmotic pressure, c « molecular concentration, k = constant.) 
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The thermodynamic derivation shows that the formula can^ in any casCf, 
represent the course of ionization only in solutions of such dilution that the 
regions of solvent influenced hy each molecule of solute are independent 

From the above argument it will be evident that the apparent simplicity 
of the Ostwald dilution law is obtained only at the sacrifice of its appli¬ 
cability to concentrated solutions. The changes necessary in tlie above 
thermodynamic derivation of the equation for the dissociation equilibrium^ 
under the modified theoretical basis advanced above, may now be inves¬ 
tigated. 

The equation representing tlie process of ionization becomes: 

RX + (H 2 O) + X-, 

corresponding with the view, expressed above, that the dissociation of 
the undissociated molecule RX into its component ions R”^ and X“ is 
brought about by impact with molecules of the solvent. 

It may appear at tliis point that the above equation is incorrectly 
stated, inasmuch as it does not balance. As a matter of fact, the corre¬ 
sponding equation for the original dilution law also does not balance, 
since the ionic charges appear only on one side. It will be shown, in a 
subsequent section, that the solvent is not to be considered as acting 
chemically in the ionization equation written above. The process of 
dissociation is regarded as entirely physical in its nature, the action of 
the solvent molecules being ascribed to their unsaturated character, i. e., 
to the free valences or “neutrons” attached to them. Thus the above 
equation is more correctly to be written: 

RX + 0 O R+ + X“, 

where (?) (3) represents a neutron. This equation balances exactly. Since, 
however, the ionic charges are supplied directly by the molecules of the 
solvent, the concentration of the latter is the factor that must appear in 
the equation. The matter is discussed more fully later, in connection 
with the results of Walden. 

From the above equation we obtain: 

Cu^cjc\ = K (B') 

For Cs we have the relation: 

C, - nj(nu + 2 «, + «,), 

c„ and Ci being transformed as before. We*now obtain, in the next step, 
the equation: 

“ constant, (C') 

which is valid exactly at all concentrations. 

Let us now define v' as the number of unit weights of solvent employed 
to dissolve one equivalent weight of total salt. The change is thus made 
from volume concentration of the solute (equivalent wei^ts per fixed 
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volume of solution) to weight or» molecular concentration (equivalent 
weights per fixed weight of solvent). Then we have: 

w, = k'v\nu + M*), 

where k' is a constant of proportionality.^ This equation is also exactly 
true for all concentrations. 

We now obtain: 

+ ni)v* Ifii = constant, (D') 

and finally, employing equation (E) as before, we have the modified dilu¬ 
tion law, 

AVAo(Ao — A).z>' = constant = /v, (F'j 

both of which equations arc valid not only for small concentrations of 
solute, but for all concentrations. 

Equation (FO - -which is, of course, identical with the previous equation 
(7) above— therefore has, when compared with the dilution law in its 
original form, the two advantages of simplicity and of agreement unth 
ihe experimental data at high concentrations. vSeveral points in the above 
thermodynamic investigation, however, require more extended consid¬ 
eration ; these are taken up in order below. 

We have, first of all, the fact that it appears, on a first inspection of 
equation (F') above, that there are two units of concentration simul¬ 
taneously employed, namely in the expression of A (the equivalent con¬ 
ductivity, i, e., the specific conductivity divided by the volume concentra¬ 
tion of the solute) and of v^ (tlie reciprocal of the weight or molecular con¬ 
centration of the solute). However, the equation can be expressed, in 
terms of weight concentration only, without change of form, since A has 
the same value for either unit of concentration. 

This becomes evident from an examination of the experimental method 
followed in the determination of equivalent conductivity. The quantity 
directly measured in experimental work is the specific electrical resist¬ 
ance of the solution. The specific conductivity, k, is tlie reciprocal of 
this, and is proportional to the number of dissociated molecules in unit 
volume of the solution.^ The equivalent conductivity A is equal to tcVy 
where v represents the dilution in volume units. 

If now, we change from volume concentration units to weight concen¬ 
tration units, thereby altering the dilution v to v\ we must also modify 
our definition of specific conductivity, and this will now be proportional 
to the number of dissociated molecules in unit weight of the solvent. Con¬ 
sequently, if the specific conductivity under weight concentration units 
is k', we have the relation: 

^ k* represents the number of equivalent weights of the solvent contained in the 
fixed weight of solvent chosen as unit. The equation consequently represents both 
molecular and weight ratios between solute and solvent. 

* Kohlrausch and Holborn.'Xeitvermdgen der Elektrolyte*' (1898), pages 102-3. 
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ic' a® K.^V/V'). 

Hence the equivalent conductivity under weight units, is equal to 
icv. The equivalent conductivity A therefore has the same value, ex¬ 
pressed in either unit of concentration. 

A second point for examination is how far we are justified in considering 
the fundamental assumption of Arrhenius: 

A/Ao = 7, the degree of dissociation, 
as being applicable to concentrated solutions. 

It is a much-debated question^ whether this assumption is exactly true 
even at very high dilutions. In any case, it can be directly valid only 
if the ionic mobilities are not functions of the concentration. Now at 
high concentrations the ionic mobilities certainly are variable, since they 
are affected by the increased viscosity of the medium, and any correc¬ 
tion (as for acetic acid in Tables I and II) can be only approximate. At 
high dilutions, however, the viscosity factor (that is, the change in the 
nature of the medium) may be neglected. Variation in ionic mobility 
at high dilutions, therefore, can occur only if mobility is a function of 
ionic concentration. That this is indeed the case was a view first advanced 
by Jahn,® in order to account for the “anomaly of strong electrolytes.’' 
Arrhenius,* however, showed that neither Jahn’s theoretical work nor his 
experimental data were sufficiently reliable to warrant the conclusions 
drawn- The case of the hydrogen ion has been most frequently investi¬ 
gated, and here the majority of results'* certainly point to the fact that 
the mobility is constant in dilute solutions. 

The hypothesis of Jahn has recently been brought into prominence 
again by the work of Lewis.® The opposite view—that the ionic mo¬ 
bility is constant, and that the abnormality of strong electrolytes must 
be attributed to the change in the dissociating power of the solvent, due 
to the addition of solute—first advanced by Arrhenius,® has also been 
supported by the extended researches of Walden.^ 

Here a choice must be made between the two views, and since the as¬ 
sumption of varying ionic mobility in dilute solution must be regarded 
as not yet confirmed,® the simple hypothesis of Arrhenius and Walden 

* For a review of the subject and a list of references sec Wegseheider (Z. pkysik, 
Chem., 69, 603 (1909)) and Partington (/. Chem. Soc., 97, 1162 (1910)). 

* Jahn, Z. physik. Chem., 33, 545 (1900); 35, 8 (1900). 

* Arrhenius, Ibid., 36, 28 (1901). 

* For references see Kendall, J. Chem. Soc., 101, 1275 (1912). 

* Lewis, This Journal, 34, 1631 (1912). 

•Arrhenius, Z. physik. Chem., 31, 197 (1899). See also Franklin and Kraus, 
This Journal, 37, 216 (1905); Lewis and Wheeler, Z. physik. Chem., 56, 179 (1906). 

^ Walden, This Journal, 35i 1649 (1913). 

* Wegseheider, Z. physik. Chem., 69^ 605 (1909). 
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will be followed in the present paper. It will be assumed that ionic 
mobility is not a function of ionic concentration. 

When we consider higher concentrations, the mobilities of the ions un¬ 
doubtedly vary. Also the different ions of an electrolyte are not equally 
affected by the change in the nature of the medium, since the transport 
numbers may vary appreciably with the concentration.' This variation 
is clearly connected with the phenomena of ionic hydration, and is im¬ 
portant only in the case of electrolytes containing highly hydrated ions, 
where the variation in the degree of ionic hydration with the concentra¬ 
tion will be greatest. For more normal electrolytes the change in the 
transport numbers of the ions, for solutions of less than normal concentra¬ 
tion, may be regarded as of secondaiy’^ importance.^ 

From the point of view taken above- -that the ionic mobility is, in nor¬ 
mal cases,® not a function of the ionic concentration- -it follows that the 
degree of accuracy obtained in the determination of 7, as calculated from 
the experimental value for A, will be dependent primarily only upon the 
accuracy of the viscosity correction applied. This correction has already 
been discussed in an earlier section. 

The fundamental assumption of Arrhenius, even if it does not lead us 
directly to conclusive results, yet enables us to attack problems which we 
should otherwise have to leave untouched. It has consequently been in 
general use in the investigation of concentrated solutions as our only 
means, until considerable advances have been made, of interpreting and 
using experimental results.^ 

The Change front Volume to Weight Units of Concentration .—From a 
purely thermodynamic and theoretical view point, there is no question 
as to the desirability of the change from volume to weight concentration 
units,® here as in other branches of physical chemistry. From the experi¬ 
mental side the use of the volume unit undoubtedly offers many advan¬ 
tages in simplicity and convenience of procedure, and these suffice to ac¬ 
count for its general adoption for the expression of experimental data. 
However, since A has the .same value expressed in either unit, the change 

’ Kohlrausch and Holborn, “Leitvermogen der Elektrolytc" (1898), page 201 
In the case of two only of the simple uni-univalent electrolytes given is the variation 
in the transport number of the anion, between zero and half-normal concentration, 
greater than o.oi. These two electrolytes are the chlorides of lithium and sodium, 
the component ions of which are known to be highly hydrated. 

* The accurate determination of transport numbers is extremely difficult, and in 
most cases a large variation in the transport number reprcvsents a relatively small change 
in the calculated value of y. 

where the variation in the degree of ionic hydration with concentration 
exercises no disturbing influence. 

* Compare Lewis, Z. physik. Chem., 70 , 217-8 (1910). 

* Planck, Wied. Ann., 33, 489 (1887); Washburn, This Journal, 32, 668 (1910). 
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of units here involves no experimental difficulties to counterbalance its 
advantage for the expression and derivation of theoretical relations. 

In several branches of physical chemistry, closely related to equivalent 
conductivity, the change to weight units has already furnished important 
results. A prominent example is afforded by the work of Morse and 
Frazer^ on the osmotic pressures of solutions of sucrose. Results of ex¬ 
periments on the lowering of the freezing point, the raising of the boiling 
point, and the lowering of the vapor pressure of the solvent by dissolved 
salts have always been expressed in weight units of concentration.^ In 
the application of the solubility-product principle, the concentrations of 
the dissolved electrolyes must be reduced to weight units to obtain com¬ 
parable results.® Similarly, the viscosity of binary mixtures* (including 
solutions) has been shown to be a function of the molecular and not of 
the volume concentration of the two components. This is important in 
view of the close relation existing between viscosity and equivalent con¬ 
ductivity. 

Experimental Data .—In the preceding section the modified form of the 
dilution law has been shown to be ftmdamentally more simple than the 
original dilution law, and to cover a more extended range, since it is ex¬ 
actly applicable to concentrated solutions. Hence it is, at this point, 
legitimate to emphasize the theoretical basis assumed above, namely, 
that the dissociation of the undissociated molecule in the solution is brought 
about, not spontaneously, but by the action of the solvent. 

It is not asserted here that the above theoretical basis is definitely 
established by the results obtained. Several factors have been left out 
of consideration, which become of importance in concentrated solutions, 
as is discussed later; also the amotmt of exact experimental data that cau 
be brought forward is, at present, extremely meagre.® 

‘ Morse and Frazer, Am. Chem. 34, i (1905); see also Bancroft, J. Phys. Chem., 
10, 319 (1906), and Morse, Frazer and Dunbar, Am. Chem. 38, 212-26 (1907). 

* For example, in the freezing point data, collected by Noyes, This Journai,, 32, 
1026 (1910). In comparing the results obtained with those derived from conductivity 
experiments, however, Noyes has transferred these figures to volume concentrations 
without correction (This Journal, 34, 485 (1912)). Washburn and Macinnes, in a 
similar comparison of the freezing point and conductivity data for solutions of caesium 
nitrate, have, on the other hand, expressed all quantities in molecular concentrations, 
This Journal, 33, 1711 (1911). 

* Kendall, Proc. Roy. Soc.^ (A) 85, 200 (1911). 

* Kendall, Meddel. frdn K. Vet. Akads. NohelinstUiUt Band a, No. 23 (1912). 

^ Only very weak acids and bases are of use for examination here, since even in 
acids a little stronger than acetic acid we shall have, in concentrated scdutions, the 
''anomaly of strong electrolytes” beginning to appear. The substances examined 
must also be very soluble in water to give sufficiently concentrated solutions. These 
conditions cut put the majority of the ordinary organic acids, and only in a few of 
those remainial ^u'e all the necessary data available. 
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An extensive list of weak electrolytes has been tabulated by Wegscheider,^ 
Mid the concentration fixed in each case at which divergence from the dilu¬ 
tion law begin to become appreciable. For all these electrolytes, it may 
be asserted that the modified dilution law will give qualitatively better 
agreement with the experimental data at high concentrations, but the 
absence of reliable density and viscosity results precludes, at present, 
the possibility of establishing quantitatively exact agreement. 

Experiments are already in progress to supplement the few instances 
given below. 

For the series of normal fatty acids, the following results are available. 
The conductivity data are selected from the determination of White and 
Jones the results for viscosity and density are taken from the work of 
Reyher.® The various columns have the same significance as in Table I. 

Table III— Fatty Acids, 25° (White and Jones). 


Acid 

t 

A. 

1?. 

d 

100 X. 

100 Kt. 

Acetic. 

... 2 

2 089 

1 060 

I.0042 

0.00169 

0.00194 


8 

4 342 

1-017 

1.0013 

0 00183 

O.OOI9I 


32 

8.699 

1 .004 

I 0003 

0 00186 

0.00188 

Propionic. . . 

2 

1 700 

I 099 

I.0035 

0 (X)ii6 

0 00145 


8 

3 704 

I 026 

1 OOII 

0 00138 

0.00147 


32 

7 436 

1 cx)7 

I 0003 

0 00I4I 

0.00143 

w-lUityric. . 

2 

1730 

1.132 

I 0022 

0 00120 

0 00I6I 


8 

3 891 

1.031 

I.0006 

0 00153 

0.00164 


32 

7.902 

I 008 

I 0(X^2 

0 00159 

0 00162 

i.sa-Butyric. 

. . 2 

1633 

I 129 

I 0016 

0 00108 

0 (X5I52 


8 

3-821 

1.032 

I.0004 

0 00147 

0 00158 


32 

7 621 

I 008 

I 0001 

0.00148 

0.00150 


Considering the accuracy of the data employed, the degree of con¬ 
cordance in the values shown under 100 in the above table is satisfac¬ 
tory throughout. Hence the modified dilution law may be held to apply, 
for the above acids, up to solutions of at least half-normal concentration. 

In Table IV the figmes for a typical weak base -ammonia— are given. 


Table IV.— Ammonia, 25° (Ostwald). 


V. 

A. 

n - 

d 

100 X 

100 X*. 

2 

1.56 

1 012 

0.995 

0 00193 

0 00203 

4 

2.24 

1.006 

0.997 

0 CK)l99 

0 00204 

8 

3.21 

I .(K)3 

0.998 

0 00205 

0 (K)2o8 

16 

4.55 

1.001 

0 999 

0 00207 

0 00208 

00 

(252) 






^ Wegscheider, Z. pkysik. Chem., 69, 611-13 (1909). 

2 White and Jones, Am. Chem. J., 44, 159 (1910). 

* Reyher, Z, physik. Chem.. 2, 749 (1888). The viscosity, results are liable to 
(relatively) considerable error, as will be evident by inspection of the original. 
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The conductivity results are those of Ostwald/ the viscosity and density 
data are interpolated from the figures given in Ivandolt-Bdrjpstein. ^ 
The agreement of the values given under loo is again satisfactory", 
in view of the nature of the experimental data. For example, an error of 
0,01 in the value of A, at the first concentration given, corresponds to a 
difference of 3 units in 100 

The above tables may be amplified by extending the modified form of 
the dilution law to the author’s equation for transition electrolytes, 
shown in equation (3), (which also fails in concentrated solutions) and 
testing its applicability there also. Equation (3) is modified to the form: 

7V(j yy ^ K + c (1 —y)/y. (9) 

The results for a typical transition electrolyte—dichloroacetic acid— are 
given in Table V. The viscosity and density figures are taken from the 
determinations of Kanitz.^ 



Table V —Dichloroacetic 

Acid, 25° 

(Kendall) 






looj/c+rd 

— ^) Tr| 

IO<)j K + < 

,(1 — y) 7; 

V 

A 

n- 

d 

Kxpt 

Cuk 

Kxpt 

Cak 

2 

114 9 

I 1318 

I 0263 

6 33 

7 68 

8 92 

8 93 

4 

151 7 

I 0640 

I 0139 

6 38 

6 70 

7 57 

7 52 

8 

190 2 

I 0287 

1 0067 

6 00 

6 08 

6 60 

6 62 

t6 

231 6 

I 0143 

I 0033 

5 64 

5 65 

5 96 

6 00 

32 

273 1 

1 0071 

I 0016 

5 38 

5 34 

5 57 

5 55 

64 

309 7 

I 0035 

I 0008 

5 

5 14 

5 23 

5 26 

128 

338 7 

1 0018 

I 0004 

4 96 

5 02 

5 04 

5 09 

256 

359 2 

I 0009 

1 0002 

4 94 

4 94 

5 02 

4 99 

00 

385 6 




4 85 


4 85 


K =» 00485, c = o 0120, £2 = o 0173 

The agreement of equation (3) in its original form with the experimental 
results is shown by the figures under ioo{/v + c.(i — 7)/7} in Table V, 
the agreement of the equation in its modified form (9) is given by the 
figures under ioo\K + ^2(1 — 7)/7}- It will be seen that the equation 
holds exactly, in its original form, only for dilute solutions; while the 
modified form gives agreement throughout the entire series. 

Additional experimental results will be given in a future communica¬ 
tion, where the application of the above changes to solutions of strong 
electrolytes will also be considered. In conclusion here, the limits of the 
applicability of the modified dilution law proposed are briefly examined, 
and the results obtained in this paper cbmpared with those of Walden. 

Limits of Applicability of the Modified Dilution Law ,—It has been 
shown that the dilution law, in its modified form, is exactly applicable up 

^ As transposed to the modern units in Kohlrausch and Holbom, “beitvermdgen 
der Elektrolyte*' (1898), page 167. 

* Kanitz, Z, physik, Chem.t 22, 336 (1897). 
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tk> concentrations of at least half-normal for typical weak electrolytes. In 
The case of acetic acid, the values obtained for K with the aid of the modi¬ 
fied law are constant up to concentrations well above normal, then follows 
a decrease when still higher concentrations are considered. 

It will be evident, on examination, that the modified law must break 
down at these very high concentrations of solute, since many complica¬ 
ting factors arise which have not been taken into account. The chief of 
these are enumerated below. 

In the first place, the viscosity correction to A becomes larger, and the 
probable error of its application greater, with increase of concentration. 
Also the likelihood that the fundamental assumption of Arrhenius, dis¬ 
cussed previously, will be true even if an exact viscosity correction could 
be applied, decreases as the concentration of solute is increased. 

At high concentrations, further, the hydration of the solute—both in 
its undissociated and in its dissociated state—complicates the equilibrium 
in the solution. The undissociated solute, if hydrated, will withdraw a 
considerable quantity of solvent from the equilibrium, and the concentra¬ 
tion of “free” solvent in the solution will be greatly reduced. If the ions 
are hydrated, their mobilities may vary considerably in concentrated 
solutions, owing to the variations in the degree of hydratiou with the con¬ 
centration of the solvent. 

More important still, the change in the nature of the solvent at high 
concentrations of solute will be considerable. A highly associated sol¬ 
vent, such as water, will tend to dissociate more and more into simpler 
molecules as its concentration in the solution decreases.^ Also the change 
in the dielectric constant of the medium, for high concentrations of solute, 
is of importance. 

Finally the variation in the heat of dilution with the concentration 
(which affects the constancy of K) has not been taken into consideration. 

The modified form of the dilution law, as expressed in the simple equa¬ 
tions (7) and (F'), cannot be expected to hold in general, therefore, for 
highly concentrated solutions. Only up to (approximately) normal con¬ 
centration of solute is it exactly valid. Even so, this represents a con- 

^ The ionizing power of a solvent is intimately connected with its power of associa¬ 
tion into large molecules. The best ionizing solvents are iinsaturated. e. g., water 
contains an unsaturated oxygen atom with two free valencies, and the simple molecule 
may be written H2O+. Hence, by the loss of two free valences (the positive charge 
on one oxygen atom being neutralized by the negative charge on another) two simple 
molecules can combine to form a complex molecule, -I-OH2 H2O—. Such association 
can evidently continue further, each step being accompanied by the loss of two free 
valences. “One can readily see that such molecules would be electrically polarized, 
and their charges might easily have the power to cause electrolytic dissociation or 
ionization.** Stieglitz, “Qualitative Chemical Analysis’’ (1912), Part 1, page 65. 
Compare also Arrhenius, “Theories of Chemistry** (1907)1 page 83. 
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siderable ad^sance. .upon the previous limit ci v ga (approximately)^ 
for the dilution law in its original form. 

Comparison with the Results of Walden. —It is of interest at this point tM 
compare the conclusions of the present investigation with those drawn hy. 
Walden from the study of the dielectric constants of dissolved salts, and 
to examine how far the results may be combined. 

The hypothesis advanced here as an explanation of the immediate 
cause of the dissociation of the undissociated molecule in the solution 
of an electrolyte is that the simple undissociated molecules are broken 
up into their component ions by impact with the molecules of the solvent. 

Walden,^ on the other hand, concludes that “the process of disaggre¬ 
gation of the polymerized salt molecules also causes, and induces, the process 
of ionic cleavage.” The following processes are assumed.* 

(MeX)je (MeX)*Li + MeX + (±) 0 . (I) Depolymerization. 

MeX + (?) (~) —► Me 0 + X 0 . (II) Ionization. 

(MeX)^^ is the polymerized salt, x the extent of association, MeX the 
simple salt molecule. (?) and (0) represent a positive and a negative 
electron, respectively, (?) ( 0 ) a neutral electron (neutron),* Me (?) 
a cation, X ( 0 ) an anion. 

Now the depolymerization of the solid salt (McX)„ which takes place 
in its solution, must be regarded as due to the bombardment of the com¬ 
plex and unstable molecules of the salt by the molecules of the solvent. 
The reaction is specific in each case, and the natures of both solute and 
solvent are factors in the degree of depolymerization. That this is so is 
shown by the two facts that different substances are depolymerized to 
different degrees in the same solvent, and that the same substance is 
depolymerized to different degrees in different solvents. 

In this depolymerization of the solute, neutrons are formed in the solu¬ 
tion, as is indicated by the first equation of Walden above. These neu¬ 
trons will attach themselves to molecules of the solvent,* and the dielec¬ 
tric constant of the medium will be changed. 

The process can be studied from another point of view with similar re- 

' Walden, Tins Journal, 35, 1661 (1913) 

* The depolymerization process (Equation I) consists, of course, of successive 
stages from (MeX)a: to MeX, of which one only is given above. 

• Walden*s conception of ''neutral electrons" is retained in the discussion merdy 
for convenience in the comparison of results. It will become evident bdow that 
the argument could be more logically expressed in terms of free valences, without the 
use of the indefinite expression "neutron." 

^ This statement is, of course, an assumption, since the neutrons might attach 
themselves directly to the simple undissociated molecule MeX. (Compare A. A. 
Noyes, Carnegie InsUttUe Publication, No. 631 351 (1907}.} The change in the degree 
of association of the solvent with the concentration of solute necessitates, however, 
at least some transfer of neutrons to the solvent. 
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ilHKk 'After the addition of the salt, the concentration of the solvent in 
tillji^iolution will have been diminished, hence its degree of association 
wAI ako have diminished. That is, some complex molecules of the sol- 
ym will have broken down into simpler molecules, and this process is 
esiHitially the taking-up of neutrons.^ For example, in water, 

(H^O);;- (H20 )+_, + (HjO)±. (10) 

may therefore rewrite the first equation of Walden in the form: 

(MeX),_, + mcx + (H 40 )J_, + iUiO)+. 

It is evident from this equation that the process of depolymerization is 
common to both solvent and solute,'^ and is accompanied by an increase in 
the number of neutrons in the solution and by a change in the dielectric 
constant. The change in the dielectric constant will be greater, the more 
neutrons the solvent has taken up, that is, the greater the degree of de- 
polymerization.^ This is in accordance with the results of Walden, and is 
of importance in the consideration of the “anomaly of strong electrolytes.” 

It is now evident that the second equation of Walden, for the expression 
of the ionization equilibrium, can be at once made identical with the equa¬ 
tion given on page 1078 of the present paper by transformation as below: 

MeX + [HjO]"'' Me (+) + XO , 

the solvent acting simply as the carrier of the ''neutrony Hence also the 
•equation 

Cu-c,/c\ = K (7) 

for the dissociation process can hold only so long as the concentration of 
neutrons in the solution is proportional to the concentration of the ^1- 
vent. At high concentrations this can no longer be assumed to be the 
case, and the modified dilution law consequently cannot apply exactly, 
^ has already been pointed out in the previous section. 

We have now a simple means of expressing the mechanism of electro¬ 
lytic dissociation. By impact of an undissociated molecule of the solute, 
MeX, with a molecule of the solvent, a neutron is transferred from the 
latter to the former, and the undissociated salt breaks up into its separate 
Sons Me (?) and X (3) . Similarly, by impact between ions of unlike 

* See note on page 1085, A neutron is equivalent to two free valences, and is used 
in this sense throughout the present discussion. 

* Hence, also, non-associated solvents do not depolymerize dissolved salts. Con- 
•sequently salts are highly ionized only by associated liquids; for example, hydrochloric 
acid, which is almost entirely dissociated in water, gives practically a non-conducting 
solution in benzene (Kablukoff, Z. physik. Chern,, 4 , 430 (1889)). 

«It is possible that the dielectric constant is directly a function of the concentration 
•of neutrons on the solution. This will account for the low dielectric constants of non- 
associated liquids, and for the great increase in the dielectric constant of a feebly ionizing 
solvent on the addition of an electrolyte. 
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charge, Me 0 and X ( 0 ), a molecule of the undissodated salt MeXis 
formed, with the liberation of a neutron, which attaches itself to a mole^ 
cuie of the solvent. The solvent molecules thus lose and gain neutiMa 
alternately, as expressed by equation (lo). The above view is evidently 
consistent with the fact that ionizing solvents possess the two characteiis* 
tic properties of unsaturation (presence of neutrons) and association. 

By comparison of the results of Walden with those of the present paper 
and by combination of the conclusions drawn we are able to obtain, there* 
fore, a simple view of the whole mechanism of the dissociation equilibrium 
in the solution of an electrolyte. 

Summary. 

A modified form of the dilution law has been proposed, which is found 
to be in accordance with the data of experiment throughout a region in 
which the dilution law, in its original form, fails to apply, namely in con* 
centrated solutions of weak electrolytes. 

The theoretical basis underlying this modification of the dilution law 
is that the dissociation of the undissociated molecule RX in the solution 
of a binary electrolyte, into its component ions and X"”, takes place 
not spontaneously but by impact with the molecules of the solvent. 

With the use of this hypothesis the dilution law, as derived thermo¬ 
dynamically, is found to be fundamentally simpler in form than previously, 
since it is applicable exactly not only to dilute but also to concentrated 
solutions without any simplifying assumptions. 

The advantage of a change from volume units of concentration to weight 
orIttloleculaT units, for the expression of equivalent conductivities and the 
calculation of dissociation constants, has been pointed out. 

The conclusions of the present investigation have been compared and 
combined with those of Walden, with the result that a simple view of the 
mechanism of the ionization equilibrium is obtained. It is shown that 
the dissociating power of the solvent molecules is to be ascribed to their 
unsaturated character, i, e., to the presence of free valences. 

Additional experimental results will be given, and the case of strong 
electrolytes examined, in a future communication. 

The above investigation was commenced at the Nobel Institute of 
Physical Chemistry, Experimentalfaltet, Sweden. It is a pleasant duty 
to me to express here my gratitude to Professor Svante Arrhenius for his 
hospitality, and for his helpful criticism of the initial stages of the re¬ 
search. 


Nichols l^HoxAtORiss or Inorganic Chhmxstry. 
CoLuiiRfA Univhrsxtv. Nhw York Cxyv. 
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-OTWRESISTANCE OF PLATINUM VESSELS TO HOT NITRIC 
4 ACID. 

Bv Grroory PAtrL Baxter and Fkrd Lrsliu Grover 
^ Received March 31, 1914 

In ^irecent research upon the atomic weight of selenium, Jannek and 
Meyer^ have investigated the corrosion of platinum by hot nitric acid, 
and hlKK^ made the astonishing statement that lo cc. of halogen-free 
nitric apid distilled through a platinum condenser, upon evaporation in 
a platinum crucible yielded o.ck)228 g. of non-volatile material. Since 
these iiltestigators call attention to the fact that in a research by one of us" 
nitric afid was purified by distillation through a platinum condenser, 
and insply that the acid thus prepared w^as not pure, and since nitric acid 
has thus purified in the Harvard Chemical Laboratories for many 

yeatSi have decided to renew the study of this subject, although the 

matter has several times before been considered, and this method of 
purification has been found to be adequate. 

Evidence has already been published on the subject by Richards, 
who spates that nitric acid distilled through properly cleaned platinum 
teaveii no weighable residue upoti evaporation. Moreover, Richards and 
Willard^ in an investigation upon the atomic weights of silver, lithium 
and uphlorine, have found that a platinum dish when digested for some 
tiiii%with concentrated nitric acid did not lose appreciably in w’^eight. 

0 |ir experiments upon this subject are described below: About 800 cc. 
ol flpmmercial c. p. acid were placed in a one-liter Jena glass flask with a 
4 jou^tricted neck fitted to a quartz condenser. The condenser generally 
uaad for such purposes in this laboratory^ consists of a i cm. tube, either 
0#^uartz or platinum, witli a right angle bend about 5 cm. from one end. 
Tim short arm is inserted into the constricted neck of a Jena glass flask, 
Wljking a joint which eventually becomes sealed with condensed liquid, 
UHfd allowing a refluxing of the boiling liquid. Furthermore, liquid which 
'Condenses on the glass flows back into the flask instead of into the con- 
4pnser. The long arm of the tube, about 30 cm., is water-jacketed to 
$erve as a condenser. Two-thirds of the nitric acid was distilled off and 
rejected, since, as has been repeatedly shown in this laboratory, such 
treatment is necessary to remove the last traces of hydrochloric acid, even 
1 Z. anorg. Chem., 83, 51 (1913). 

® Baxter and Moore. This Journal, 34,1644 (1912) ; Z. anorg. Chem., 80,185 (1913)- 
3 Proc. Am. Acad., a6, 248 (1891). 

* PubL Carnegie Inst., No. 135 , 17; This Journal, 32, 18 (1910); Z. anorg Chem., 
46 , 247. 

^ * Richards, Proc. Amer. Acad., 30,380 (1894); Richards and Willard, Publ. Carnegie 

Inst., No. 135, 15 (1910); This Journal, 321 16; Z. anorg. Chem., 66, 245, 
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when the original add is comparatively ptire*^ Next, the condejamr was 
steamed out with nitric acid vapor for five minutes, and then 20 oc* of the 
distillate were collected in a weighed quartz crudble. After slow awpoira* 
tion over an electric stove, no visible or weighable residue remained. 
During the evaporation the crucible touched nothing but a clean platinum 
triangle, and was carefully covered. A second experiment gave the same 
result. These observations are in perfect accord with similar experiments 
of Jannek and Meyer. 

The purest nitric acid was now distilled in the same manner as^ before, 
but through a platinum condenser, well seasoned by more than twelve 
years^ continual use, and was caught in a large, acid-seasoned quartz 
flask. After 300 cc. of this acid had been evaporated in a weighed quartz 
crudble, with all the precautions described above, only 0.00003 g. of 
whitish material remained. This experiment, in contradiction to the 
evidence of Jannek and Meyer, shows conclusively that practicallymothing 
is extracted from pure, well-cleaned platinum by hot concentrated nitric 
add. 

Further experiments were carried out with an old platinum still of the 
goose-neck type, fitted with a second platinum condenser. The distillate 
was collected this time, however, in a well-seasoned platinum dish of 100 cc.. 
capadty and about 40 g. weight, which had previously been twice cleaned 
by fusion with potassium pyrosulfate and subsequent boiling with nitric acid. 
After 200 cc. of distillate had been evaporated to dryness in this dish, a 
very slight brownish residue remained, and the dish weighed 0.00003 g- 
more than at first. It is evident that no important amount of material 
was extracted from the condenser. Gentle ignition for a moment caused 
the dish and contents to lose in weight by 0.00007 g., i, e., the weight was 
now 0.00004 g. less than the original. The residue was now removed by^ 
warming with hydrochloric acid, and the dish was washed, dried and 
gently ignited. This treatment caused a further loss in weight of 0.00007 g.,. 
so that the total loss in weight of the dish was 0.000 ii g. Undoubtedly 
a portion of this loss was caused by solution of the platinum in hydro¬ 
chloric acid in the presence of air. These changes in weight are, however,, 
scarcely greater than the probable error of weighing a dish of so large a 
weight and surface as this one. One can hardly believe that the nitric 
acid had an appreciable effect on either still or dish. 

The slight, dark-colored residue obtained in the above experiment led 
us to suspect that the dish itself might have been attacked by the nitric 
add. Therefore, 100 cc. of nitric acid, which had been distilled through 
a quartz condenser, was evaporated in it. Such acid has been shown 
above to be free from dissolved impurities. A residue identical in ap- 

^ Jdmxek and Meyer do not state how hydrochloric acid was removed from thehr 
nitric acid 
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pearance with the previous one was obtained, and the dish gained in 
weight by 0.00003 g. When this residue was rubbed off with a clean 
finger, and the dish carefully washed and ignited, the weight of the dish 
was found to be 0.00006 g. more than at first. As suggested before, fluctua¬ 
tions in weight of the magnitude of these are not significant. The fact 
that a similarly appearing residue was obtained by evaporation of both 
specimens of nitric acid, indicates, however, that the real source of tlie very 
slight residues was the dish and not the condenser. 

The dish used in these experiments had been used for some time for 
various purposes, so that the more soluble surface impurities had un¬ 
doubtedly been removed even before the cleaning with potassium pyro- 
sulfate, to which we subjected it preliminary to our experiments. How¬ 
ever, with platinum vessels which have not been subjected to drastic 
cleaning processes, there is no question that the danger of solution of sur¬ 
face impurities is not only real but serious. For instance, in one ex¬ 
periment 30 cc. of nitric acid which had been distilled through a platinum 
condenser was evaporated in a new platinum crucible, which had been 
merely washed and ignited. In this experiment the crucible gaintd 
0.00030 g. And even after the crucible had been twice cleaned wieh 
potassium pyrosulfate, and boiled with nitric acid, in three repetitions of 
the experiment in which a quartz condenser was used, gains of 0.00018, 
0.00002, and 0.00002 g. were observed. 

In two cases the residues obtained in platinum were tested for iron with 
thiocyanate. Although traces of iron were found, the amounts were far 
too small to explain even the slight residues observed. 

It is worth calling attention to the fact that the danger from surface 
impurities in the platinum has always been recognized in the Harvard 
Laboratories, and that new platinum vessels are always thoroughly cleaned 
before use, either by fusion with pyrosulfate or by sublimation of am¬ 
monium chloride from the vessel, according to Stas’s suggestion, or by both 
methods. 

The first fact established by these experiments is that, in harmony 
with the observations of Jannek and Meyer, concentrated nitric acid dis¬ 
tilled through quartz contains no perceptible quantity of dissolved im¬ 
purities; and the second that nitric acid distilled through well-seasotied 
platinum is of equal purity. The very small residues observed in the 
foregoing experiments came, no doubt, from the platinum vessels in which 
the evaporations took place, owing to the superficial oxidation of the baser 
metals. The surprisingly large residues reported by Jannek and Meyer 
are probably to be attributed either to the use of vessels of impure plat¬ 
inum, to inefficient cleaning of the platinum vessels, or to the presence 
of traces of hydrochloric acid in the nitric acid employed. 

C4iip«it>o«, Mass. 
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DETECTION OF CYANIDES IN THE PRESENCE OF 

AND FERRICYANIDES AND THIOCYANATES. ^ 

By O. I, Baknsbsy. ,, 

Recdved llareh 2S, 1914 

The reaction upon which this detection is based is the soli||aj(3iity M 
copper sulfide in solutions of alkali cyanides. When hydrogep 
is passed into a dilute ammoniacal cupric solution a precipitate p| 4 ;»ipric 
sulfide is formed, or a deep blue to brownish black coloration is ^ptaited 
to the solution, depending upon the amount of hydrogen sulfide <|iisolved, 
the temperatme, and the dilution of the solution. The addition of an 
alkaline cyanide clears this suspension or colored solution. T|a oopper 
solution can be made so dilute that the test becomes quite deliqate, much 
more delicate tlian the bleaching of the blue solution of coppert^immoma 
compotmds, and has the additional merit of not being interi^pred with 
seriously by fcrro- or ferricyanides, or thiocyanates. , 

An ammoniacal copper solution was prepared by dissolving 1.25 g. 
CUSO4.5H2O in water, making ammoniacal and diluting to a liter. Each 
cubic centimeter of this solution is equivalent to about o 000^73 g. of 
hydrocyanic acid on the basis of the following reaction, which, however, 
is empirical: 

2[CuS04.4NH8] + 7K:CN + 7H2O = 

2K2Cu(CN)8 + KCNO + K2SO4 + (NH4)2S04 + 6NH4OH 

The test is performed as follows: A bubble or two of hydrogen sulfide 
gas is passed into, or a few drops of hydrogen sulfide water are added to 
a small quantity of the standard copper solution, the amount of this de¬ 
pending upon the delicacy desired. This suspension is then added to the 
unknown ammoniacal solution (or vice versa) with constant shaking. 
If the color is bleached, the presence of a cyanide is indicated. The ad¬ 
dition of the ammoniacal copper solution is continued until no fordicr 
bleaching is noticed. From the volume of copper solution used an ap¬ 
proximate quantitative estimation can be made. With care, one can mM 
a few cubic centimeters of dilute hydrogen sulfide water in the cyanhk^ 
titration of copper at the instant of bleaching and obtain a coloralinn 
which is then bleached with more cyanide, making a moderately acetmte 
end point. In the presence of ferrocyanides, however, the reaction 
quantitative, inasmuch as the ferrocyanide is oxidized to ferricyanide 
more or less completely during titration. 

The color caused by o. i cc. of the copper solution in a volume of 5 «se. 
is bleached by o.2 cc. of a o.oi iV solution of KCN when the test is nuade 
as abovhjndicated, which means a delicacy of about parts HCN per 
hundred thousand. 

In the presence of 50 cc. of a solution of KCNS (equivalent to 
0.5 mg. <rf HCN can be detected; 50 cc. of a 4% solution of 
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g.) allows a detection of i mg. of HCN; while 50 cc. of a 4% solution 
of K4Fe(CN)6, (i. e,, 2 g.) will likewise permit a detection of 0.5 mg. of 
HCN. In the presence of small quantities of the above cyanogen com- 
^unds the test is reliable to o. i mg. of HCN. 

In the presence of smaller amounts of ferro- or ferricyanides the test 
becomes correspondingly more delicate. When the test is applied to 
solutions containing much ferricyanide, one should add as much copper 
solution to a blank, containing approximately the same amount of ferri¬ 
cyanide, as to the solution being tested for cyanide and the difference in 
shade should be noted, or the quantities of copper solution necessary 
to give a certain depth of color should be compared. 

For the average requirements of qualitative analysis, tenth-normal 
copper sulfate solution will suffice. 

Inasmuch as the test gives a decided reaction for relatively small amounts 
of cyanides, and also furnishes an indication of the relative amount pres¬ 
ent in the solution examined, as well as being applicable in presence of 
other cyanides, this test is proposed for general qualitative purposes. 

Drpartmbnt of Anajuyticai. Chrmxstuy, 

Univbrsitv of Wisconsin, Madison. 


[Contribution from this Analytical Laboratory, Collegb of the City of New 

York.] 

A NEW PROCEDURE FOR THE SEPARATION OF THE COPPER 

AND TIN GROUPS. 

By Louis J. Curtman and Josrph K. Marcus 
Received February 20, 1914 

Despite the many shortcomings of the ammonium polysulfide method 
for the separation of the copper and tin groups, no procedure has ever 
b^n devised wffiereby a sharp separation of these groups from each other 
might be obtained. The objections to the ammonium polysulfide method, 
as shown by the work of A. A. Noyes,^ are as follows: 

, I. Ammonium polysulfide dissolves some copper sulfide^ and mercuric 
sulfide,® thus making the separation of tliese metals incomplete, and at 
the same time causing confusion by their precipitating with the metals of 
the tin group. 

^ 2. Under certain conditions a large quantity of tin^ remains undissolved 
by the ammonium polysulfide. 

' This Journal, 29, 170. 

* 5 to 10 mg. of copper may dissolve in the ammonium polysulfide when a large 
amount of copper is present. 

* 0.5 to I mg. of mercury may dissolve in ammonium polysulfide when a large 
amount of mercury is present. 

* When large quantities of elements of the copper group and only 3 to 5 mg. of 
tin are present, the whole of the tin may remain undissolved and when much cadmium 
ia present, together with tin in the stannous state, as much as 15 nig. of the latter may 
bl left in the residue. 
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3. When the ammonium polysulfide filtrate is acidified with hydfo^ 
chloric acid, a heavy precipitate of sulfur usually comes down, thus ohh 
scuring the presence of sulfides of the tin group. 

There are three other reagents which are in use, or have been suggested 
for use to effect the separation of the divisions of the hydrogen milfiirte 
group. They are sodium carbonate, sodium hydroxide, and potassium 
hydroxide. 

The Sodium Carbonate Method,—This method, we are informed# was 
devised by H. T. Beans and is in use at the present time at Columbia 
University. A brief outline of this method is also given by Hinds.^ The 
method as given in the unpublished notes of H. T. Beans may be briefly 
summarized as follows: 

The precipitated sulfides of tlie hydrogen sulfide group are treated 
with a mixture of 25 cc. of 3 N sodium carbonate and 20 cc. of 3% hydiugen 
peroxide solutions. I^he mixture is then diluted to 200 or 300 oc. and 
warmed gentl}'^ /not over 50®). A few bubbles of hydrogen sulfide are 
now passed into the solution, and, if a black precipitate appears, more 
hydrogen sulfide is passed in until precipitation is complete. The residue 
now contains the metals of the copper group, and the filtrate, those of 
the tin group. 

The notes from which the authors got the method showed that it had 
not been sufficiently worked out to determine its efficiency. It was 
therefore thought worth while to investigate the possibilities of this method 
as a substitute for the ammonium polysulfide separation. 

A great number of experiments and test analyses were carried out ac¬ 
cording to the procedure as given in the notes referred to above. Lack 
of space does not permit us to give the results of these experiments in full, 
but suffice it to say that the sodium carbonate and hydrogen peroxide 
method was found to be thoroughly inadequate in effecting the separatioo 
of the two groups from each other, because whenever antimony was pres¬ 
ent, it was found that, on adding the sodium carbonate and hydrogen 
peroxide to the precipitated antimony sulfide, about one-half of the 
antimony came down from the solution in the form of a heavy white 
flocculent precipitate.® The complication which such a state of affairs 
would cause in an analysis is quite evident. Not only would the test for 
antimony in the tin group be rendered considerably less delicate, but in 

^ ‘'Qualitative Analysis,” page 91 

® To determine the amount of antimony which remained undissolved by the sodium 
carbonate and hydrogen peroxide treatment, separate solutions containing 50 mg. and 
250 mg., respectively, of antimony as antimony trichloride were completely precipitated 
as sulfide, and treated with a mixture of sodium carbonate and hydrogen peroxide, in 
accordance with the directions given in the notes of Beans. The white residues, which 
remained unacted upon by this treatment, after having been washed to add reaefiem 
with hot water slightly add with hydrodiloric acid, were then dissolved in strbll^|f 
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addition, the antimony remaining undissolved would give rise to com¬ 
plications in the analysis of the copper group. There are, moreover, 
some minor objections to this method, but it was not thought worth while 
to go into them, inasmuch as the incomplete separation of the antimony 
was sufficient to condemn the method. 

The Separation by Means of the Caustic Alkalies,- -The action of the 
caustic alkalies in dissolving the sulfides of the tin group and leaving 
the sulfides of the copper group unacted upon is mentioned in nearly all 
the texts on qualitative analysis. However, a search of the literature 
revealed only one instance where any attempt w^as made to work up a 
scheme of separation by means of the hydroxides of sodium and potassium.* 
A brief outline of the method of J Walker^ is as follows: 

The precipitated sulfides of the hydrogen sulfide group are treated with 
caustic soda, a few drops of ammonium polysiilfide being added to oxidize 
any stannous tin that may be present. Sodium peroxide is also added 
to the boiling sodium hydroxide solution in order to reprecipitate any 
mercuric sulfide present.® By this method the sulfides of arsenic antimony 
and tin are taken into solution, while the sulfides of the remaining metals 
are left in the residue. 

The method is, however, open to objection for the reason that when 
antimony sulfide is treated with a mixture of sodium hydroxide* and so¬ 
dium peroxide, a large proportion of the antimony always remains un¬ 
dissolved as a white precipitate. 

It is thus apparent that none of the methods mentioned have aiiytliing 
to recommend them for use in the separation of the divisions of Group 2 
in place of the ammonium poly sulfide separation. 

After much experimentation, the authors have devised a procedure for 
the separation of the copper and tin groups, which is free from the ob¬ 
jections to the ammonium polysulfide separation, as mentioned above. 
Further, the method possesses the merit of adequately providing for the 
systematic detection of pentavalent arsenic. 

hydrochloric acid and analyzed for antimony by Weller's volumetiic method. The 
solution containing 50 mg. showed approximately 30 mg. of antimony in the residue 
from the sodium carbonate treatment. The solution containing 250 mg., showed 125 mg 
antimony in the residue. 

‘ In Clowe’s ’’Qualitative Analysis," the caustic alkalies aie suggested as a ledgeut 
for the separation of the divisions of the hydrogen sulfide group, but no provision is 
made for the complications which the use of this reagent involves. The use of the 
caustic alkalies is also suggested in F. M. Perkin’s ’’Qualitative Analysis." 

* J. Walker, /. Chem. Soc,, 83 (1903). 

» According to Walker the solution of HgS is due to K2S formed by the action of 
an excess of NaOH on a tin group sulfide. But no experimental evidence is offered 
(See Test Experiment 6.) 

* When potassium hydroxide is used in place of sodium hydroxide, the antimony 
snifide dissolves completely. 
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Procedure for the Analysis of the Filtrate from the Silver Group. 

J*. Precipitation of the Alkaline Earth metals and Part of the Lead,^ 
Neutralize the filtrate^ from Group i with NH4OH and reacidify with 
5 cc. HCl (1.19); add 8 cc. 20% H2SO4 and boil; cool and treat with an 
equal volume 95% alcohol. The precipitate is allowed to settle and the 
clear liquid decanted off through an ashless filter. Wash the precipitate 
once by decantation^ keeping as much of it as possible in the beaker. 
The residue may consist of the sulfates of Ba, Sr, Ca and Pb. It is ana^ 
lyzed for these metals in accordance with the method given by CurtmaU 
and Frankel.^ 

Notes.— i. The HsS04 precipitates all the Ba and Sr and most of the Ca and Pb— 
about 10 mg. Ca and 15 mg. Pb pass into the filtrate. The Pb is subsequently detected 
in the HjS precipitation, and the Ca by treating the filtrate from Group 3 with (NH4)t- 
C, 04 . 

2 . Precipitation of Group 2 .—^Boil down the filtrate from the H2SO4 
treatment with constant stirring to one-half its volume.* Add 3 to 4 cc. 
HCl (1.19) and 75 cc. saturated SO2 solution. Heat for 20 to 25 minutes. 
Boil down to one-half its volume, cool, render slightly alkaline with con¬ 
centrated NH4OH and just acidify with dilute HCl. Add exactly 2.5 cc. 
HCl (1.19) heat the solution to boiling and pass in H2S for a few minutes. 
Without filtering dilute the solution to 120 cc. with cold water and treat 
again with H2S till precipitation is complete. Filter. The filtrate is 
set aside for the analysis of Groups 3 and 5. The residue may contain 
the sulfides of Hg, Pb, Bi, Cu, Cd, As, Sb and Sn. 

Notes.. —i. 3 to 4 cc. concentrated HCl are added to the filtrate from the H2SO4 
and alcohol treatment in order to prevent the Sb from precipitating on dilution wil 3 i 
SOt solution next added. 

2. The fimction of the HsSOi is two-fold* (a) To reduce pentavalent As to the 

more easily precipitated form; (6) to oxidize stannous salts to the staimic condition^ 
in which higher valence the sulfide is soluble in KOH. The reactions which take place, 
according to Prescott and Johnson* are represented by the following equations: ' ^ 

(a) 3SnCla + SO* + 6HC1 « 3SnCl4 + H 2 S + 2 H 2 O. 

(W eSnCla -f 2SO1 -f 6 H ,0 - SmOioSa + 12HCI. 

(c) fiSnCh -I- 2SOj + 8HCI « SnS* 4 * sSnCU -f 4H2O. 

3. The solution after treatment with SO* is boiled down to one-half its volume to 
drive off the excess of SO*, which, if present, would yield a precipitate of sulfur with II*S. 

4. When SnCl* is oxidized to SnCU by SO*, more or less H2S is formed as shown in 
the equations above. Thus a little SnS* is frequently precipitated in the solution. 
Likewise, if any As or Sb is present, a little of the sulfides of these metals may form. 
With the exception of the A8 *Sb, these precipitates are dissolved when the solution ik 
concentrated to expel the excess of SO*. 

j. Separation of the Copper and Tin Groups .—^Wash the ptedpiUted 

^ The volume should not exceed 30 cc. 

* Tais Journal, 34,1493. 

* ^‘Qualitative Anal3r8is,‘* 5th edition, p. 86 . 
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sulfides three times with a saturated solution of NaCl containing H2S. 
Transfer the precipitate to a beaker and boil for one and one>half minutes 
with 25 cc. 25% KOH solution.^ Dilute with 35 cc. of cold water and 
pass in a few bubbles of 1X28.^ Filter through a double filter. The residue, 
after washing with hot water is analyzed for Hg, Pb, Bi, Cu and Cd. 
To the clear filtrate, add 30 cc. 3% H2O2 and boil gently for one minute 
with constant stirring. If a black precipitate appears, filter on a separate 
filter and test for Hg by dissolving the precipitate in aqua regia and adding 
SnCla. 

Notes.— i. Iti washing the precipitated sulfides, NaCl is preferred to an am¬ 
monium salt, because the latter would tend to precipitate some Sn from the KOH 
solution of the potassium stannate formed on the addition of II2O2. 

2. KOH dissolves the sulfides of As, Sb and Sn(ic), leaving the sulfides of Hg, 
Bi, Cu and Cd completely undissolved. PbS is dissolved to a slight extent, but is 
reprecipitated by a few bubbles of H2S. More than a few bubbles of IhS shoiild be 
avoided, for reasons stated below in Note 4 

3. Some of the sulfides have a tendency to pass through the filter, notably CdS. 
By passing the mixture through a double filter, a clear filtrate is obtained. 

4. When a Sn group sulfide is dissolved in KOH, K^S is always formed due to the 
action of the excess of KOH on the thio salt (see Test Hxp. 6). The reactions may be 
looked upon as taking place in the following manner: 

[ AS2S2 + 6KOH « KaAsOa + K»AsSa + 3II2O. 
a. I Sb2S3 -f 2KOH « KSbSa + KSbSO + H2O. 

[ 2 vSnSa -f 4KOH = KaSnOsS + K^SnSs + 2H2O. 

[ KjAsSa + 2KOH = K2S 4 - K3ASS2O 4 II2O. 
h. ] KSbS2 4 2KOH « K2S 4 KvSbSO 4 H> 0 . 

( KjSnSi 4 2KOH = KjS 4 KjSnSaO 4 H2O. 

Some K2S is also formed in consequence of the treatment of the KOH solution with H2S. 

5. If any HgS is present, it will be partly dissolved by the K2S formed, as shown 
above, and consequently will appear in the filtrate along with the Sn group metals. 
The addition of HjOa to the alkaline filtrate oxidizes the K»S to the sulfate, thus causing 
the HgS to reprecipitate.* 

4, Treatment of the Filtrate for the Tin Group Metals ,—Boil down the 
filtrate from the H2O2 treatment to 50 cc, with stirring. While hot, 
quickly neutralize with concentrated HCl and add 10 cc. in excess. Heat 
the solution to boiling till clear. Add 50 cc. of a saturated SO2 solution 
and heat for 20 to 25 minutes. Boil down to about 70 cc. Make slightly 
alkaline with concentrated NH4OH and then just acid with dilute HCl. 
Add exactly 2.5 cc. HCl (1.19), heat to boiling and pass in H2S for a few 
minutes. Dilute the mixture to 120 cc. with cold water and again saturate 

* 100 cc. of the KOH solution contains 25 g. of solid KOH. 

• See Test Experiment 6. 

» Walker, J, Chem, Sac,, 83 (1903), makes use of Na202 to reprccipitate the dissolved 
pgS. The authors use HsOs first, to avoid the introduction of sodium which has a 
tendency to precipitate antimony; second because Na^Oa increases the concentration 
of the alkali. 
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with H2S until precipitation is complete. The precipitate consisting of 
the sulfides of As, Sb and Sn, is treated in the usual manner. 

NoTRS.— I. The action of HjOa on the As, Sb and Sn sulfides in KOH solution is to 
oxidize the arsenic sulfide to arsenic acid and the Sb and Sn sulfides to the higher oxides. 
Therefore, when the alkaline solution is acidified with HCl, the Sb and the Sn, for the 
most part, come down in the form of white amorphous precipitates. The longer these 
precipitates are allowed to stand, the more insoluble they become. The hot alkaline 
solution is therefore quickly neutralized with strong HCl and the precipitate formed 
immediately dissolved by an excess of this reagent. 

2. The filtrate from the H*Oa treatment is boiled to destroy the excess of HtOt> 
which, if present, would oxidize the SOs next added. 

3. The H2 SOs is added in order to reduce the arsenic acid to the arsenious condition, 
whereby precipitation with HjS is more easily and completely accomplished. 

4. In order to insure complete precipitation of the As, Sb and Sn, the aciditv of the 
solution must be carefully adjusted before the treatment with H*S. 

Test Experiments. 

I. 

The Action of Sodium Hydroxide^ on the Sulfides of Group 2.—In order to determine 
whether NaOH could be used to separate the sulfides of the divisions of Group 2, the 
following experiments were carried out: 

Separate solutions, each containing 500 mg. of one of the metals of Group 2, were 
completely precipitated with hydrogen sulfide, filtered, washed and boiled with stirring 
for 2 minutes with 25 cc. of a 20% NaOH solution.* 

The sulfides of Hg, Cu, Bi and Cd were found to be completely insoluble.* PbS 
dissolved to a small extent (about i mg.), but was completely reprecipitated on passing 
a few bubbles of HaS into the alkaline solution. AsaSi, AsaSs, SbaSs, and SnSi were 
practically completely soluble^ in the caustic soda. SnS, at times, dissolved almost 
completely, leaving behind only a very small black residue, which was most likely some 
form of metallic tin, as shown by the solvent action of HCl upon it with the evolution 
of hydrogen. At other times, nearly all of the SnS remained undissolved by tlie sodium 
hydroxide. 

Of interest are a few experiments which were performed with mixtures of SnS 
with AsiS* and Sb2S8, respectively: 

I. A mixture of 300 mg. As, as a HCl solution of AssOs, and 200 mg. Sn, as SnCla, 
was completely precipitated with HjS, filtered, washed, and treated with 25 cc. of a 
20% NaOH solution. After boiling the mixture from 2 to 5 minutes, a heavy brownish 
black precipitate remained undissolved. The filtrate from this precipitate gave good 
tests for both As and Sn. The residue, after washing with hot water slightly acidified 
with HCl, was boiled with strong HCl, diluted and filtered; the filtrate gave a good 
test for Sn. The residue whidi remained from this treatment was treated with con¬ 
centrated HNOs in which it readily dissolved with the evolution of oxides of nitrogen. 
The resulting solution, after reduction with SO2, was treated with HaS. A heavy pre¬ 
cipitate of AsaSs came down. 

Conclusion ,—^When AsjSa is boiled in the presence of SnS with a NaOH solution, 
part of the As is reduced to the metallic condition (brownish blade residue, above) 
which remains after treatment with strong HCl, but is readily soluble in strong HNO|. 

^ Similar results were obtained with potassium hydroxide. 

* 100 cc. of the caustic soda solution contained 20 g. solid NaOH. 

* The complete insolubility of the sulfides was proved in every case by the negative 
tests obtained in the concentrated filtrates. 

/ See note under Test Bxpedment V. ^hnilar residues were obtained here. 
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a. 300 mg. Sb, as SbCU, and 200 mg. Sn, as SnCl*, were precipitated with H2S; 
after boiling the precipitated sulfides with NaOH, as above, a large black residue re¬ 
mained. The filtrate was tested for Sb and Sn with decided positive results. The 
residue, after washing with dilute HCl, was boiled with concentrated HCl and filtered. 
The filtrate gave a good test for Sn. The residue immediately dissolved in strong 
HNO3 with the evolution of oxides of nitrogen. On long boiling a white precipitate 
came down, which on dissolving in tartaric acid, and treating with H^S gave a heavy 
orange colored precipitate of SbsSt. 

Conclusion. —^When a mixture of SbtS» and SnS is boiled with a solution of NaOH, 
part of the SbaSa is reduced to black metallic Sb. 

3. In order to ascertain whether the reduction of the AS2S8 and Sb2S8 wus due to 
the action of the Na2Sn02, which is one of the substances formed when SnS dissolves 
in NaOH(2SnS + 4NaOH = NaaSnOj + Na^SnSj -f 2H2O), some precipitated As2Sj 
was dissolved in NaOH solution. To the clear solution was added a freshly prepared 
solution of NaaSnOj and the mixture was heated. A brownish flocculent precipitate 
and metallic mirror soon formed. The solution was filtered; the residue was boiled 
with strong HCl and then filtered. The residue from this treatment was dissolved in 
HNOa, reduced with SO*, and treated with H*S. A heavy lemon colored precipitate 
was AS2S8. 

4. Likewise, when a solution of SbzSs in NaOH was treated with a solution of 
NasSnOj, a black flocculent precipitate and metallic mirror formed. This precipitate 
was shown to be Sb. 

Thus the objections to the use of NaOH, as a reagent for separating the copper 
and tin groups, are: 

a. SnS is not regularly dissolved by NaOH. 

b. In the presence of SnS, the sulfides of As and Sb when treated with a solution 
of NaOH are i)artly reduced and metallic As and Sb are precipitated. Experiments 
performed with KOH gave similar results. 

II. 

The Action of a Mixture of NaOH and H2O2 on the Sulfides of Group 2. —vSince the 
above experiments showed that the separation of the divisions of Group 2 by means of 
NaOH is rendered incomplete by the insolubility of SnS therein, the following experi-' 
ments were carried out in order to determine the effect of using a solution of H2O2 in 
conjunction with the NaOH, the purpose of the Ha02 being to oxidize the SnS. 
Separate solutions, each containing 500 mg. of one of the metals of Group 2, were com¬ 
pletely precipitated with H*S, washed, filtered, and boiled for 2 minutes with a mixture 
of 25 cc. of a 20% solution of NaOH and 20 cc. of a 3% H2O2 solution. The sulfides 
of Hg and Cd were completely insoluble. PbS, CuS, BisSs, were partly .soluble. AS2S8, 
SnS and SnS2 were practically completely soluble*, while Sb2S8 was found to be only 
partly soluble. 

ShviSi .—^When 500 mg. of Sb, precipitated as Sb2S8, were treated witli NaOH and 
H2O2 a large white precipitate immediately came down. 

PhS. —^When 50 mg. of Pb precipitated as PbS, were treated as above, the black 
precipitate became white and then dissolved completely. (H2O2 oxidizes the PbS 
to PbS04 which dissolves in NaOH.) However, when a few bubbles of H«S were passed 
into the solution, the Pb was completely precipitated. 

CuS. —On adding NaOH and HjOa to 500 mg. Cu, as freshly precipitated CuS, 
the latter was converted to a beautiful blue granular substance.* The mixture was 
boiled for 2 minutes, diluted and filtered. The filtrate possessed a light blue color; 

* See note under Test Experiment V. Similar residues were obtained here. 

* The composition of these precipitates is being investigated. 
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on treating it with a little HsS, a black precipitate of CuS was thrown down. The 
filtrate from this treatment was no longer blue and gave a negative test for Cu. 

BiiSt ,—On the addition of NaOH and HjO* to 500 mg. Bi as BiaSg, the latter, a 
dark brown fiocky precipitate, was converted into a very light brown granular sub¬ 
stance.^ The mixture was boiled for 2 minutes, diluted, and filtered. A little H|S 
was then passed into the clear filtrate; a dark brown precipitate of BijSj came down. 
The filtrate from this second precipitation gave a negative test for Bi. 

Conclusion, —^NaOH and HaOa cannot be used for separating the divisions of 
Group 2, because the sulfide of Sb is only partly dissolved, the remainder coming down 
as a white precipitate (probably the metantimonate of Na). 

in. 

The Action of a Mixture of J^OH and JEfaOa on the Sulfides of Group 2. —Since the 
partial insolubility of the SbsSs in NaOH and H2O2 was due most likely to the formation 
of the metantimonate of Na, which is not very soluble, it occurred to the authors to 
substitute KOH for NaOH, inasmuch as the corresponding potassium compound is 
known to be soluble. 

Separate solutions, each containing 500 mg. of one of the metals of Group 2, were 
completely precipitated with HjS, washed, filtered, and boiled for 2 minutes with 25 cc. 
25% KOH and 20 cc. 3% HaOa solutions. HgS and CdS were completely insoluble. 
The sulfides of Pb, Cu and Bi were partly soluble. AS2S3, Sb^Ss, SnS, SnSi were prac¬ 
tically* completely soluble. 

The sulfides of Pb, Cu and Bi were acted upon by KOH and H2O2 in the same man¬ 
ner as by NaOH and H1O2. When HjS was led into the alkaline solution, the PbS 
was completely reprecipitated by a few bubbles of H2S; but the CuS and BijSa required 
much more HtS for their reprecipitation. 

When HjS was led into the KOH solution containing H2O2, and the solution was 
then acidified, a heavy precipitate of sulfur came down (the acid liberating H2S from 
reaction with the K2S, and the H2S being oxidized to S by the H2O2). 

Conclusions, —(a) A mixtine of KOH and H2O2* when used to separate the sulfides 
of Group 2 possesses the disadvantage in requiring the prolonged treatment of the 
alkaline solution with HaS for the purpose of rendering the CuS and BiaSs com¬ 
pletely insoluble. 

(6) The method has the further objection in yielding a precipitate of S when the 
alkaline solution, after treatment with HaS for the reasons stated above, is acidified 
with HCl, 

IV. 

Oxidation of the Solution Containing the Metals of Group 2 by Means of H2O2, before 
Precipitating with HtS, and Treatment of the Precipitated Sulfides with KOH. —Since the 
preceding experiments showed that it is not feasible to oxidize stannous tin, when it is 
in the form of SnS, the following experiments were performed in order to determine 
whether oxidizing the stannous tin while in solution (before precipitation with HtS) 
would be more desirable: 

Separate 25 cc. solutions, each containing 500 mg. of one of the metals of Group 2, 
were neutralized with NH4OH and reacidified with 10 cc. HCl (1.19). 10 cc. of 3% 
HaOa were then added and the mixture boiled down with stirring, to one-half this vol¬ 
ume.^ The solutions thus freed of the excess HaOa were then neutralized with NH4OH, 

^ The composition of these precipitates is being investigated. 

* See note under Test Experiment V. Similar residues were obtained here. 

• No better results could be obtained by substituting Br water for HaOa. 

^ When 500 mg. of Sb, as SbCla, are oxidized by HiOa, the concentration of acid 
necessary to hold the Sb in solution is 9 cc. HCl (1.19} in a volume of 50 cc. The 
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itpii^dified with 2.5 cc. concentrated HCl and H2S passed in until precipitation was 
QOMplete. The precipitated sulfides were then boiled for 2 minutes with 25 cc. of a 
25% KOH solution. The sulfides of As, Sb, stannic and stannous Sn were practically^ 
CQiftpletely soluble. The sulhdes of Hg, Cu, Bi and Cd were completely insoluble. 
PWl dissolved to a very small extent, but was completely reprecipitated on treating 
the alkaline solution with a little HjS. 

As2Si »—^The action of HsOs on the As in solution is to oxidize it to the pentavalent 
condition with the result that its subsequent complete precipitation with H2S, as is 

known, is rendered very difficult. 

500 mg. As, as a HCl solution of AS2O3 were treated with H2O2 as given above, 
and then treated with a stream of H^S for one-half hour in a hot sdlution containing 
2.5 oc. HCl (1.19) in a volume of 40 cc.; it was found that a relatively large proportion 
of the arsenic had not been precipitated. 

Conclusion, —While the preliminary oxidation of the solution containing the metals 
of Group 2 by H2O2 is advantageous, inasmuch as the stannous tin is thereby oxidized, 
it is undesirable because the As is oxidized at the same time to the pentavalent condi- 
tioii^ in which state its subsequent precipitation with H2S becomes a long and tedious 
process. 

V. 

Treatment of the SoluHon Containing the Metals of Group 2 with SO2, Followed by 
ike Addition of KOH to the Precipitated Sulfides. —The following experiments were per- 
fomied in order to determine whether SO2 could be used to oxidize stannous tin while 
in solution (before precipitation with HsS): 

Separate 25 cc. portions, each containing 500 mg. of one of the metals of Group 2, 
weir neutralized with NH4OH and reacidified with 5 cc. HCl (1.19). 75 cc. of a satur¬ 
ated solution of SO2 were added and the resulting solution warmed for 25 minutes. 
After boiling down to one-half its volume to drive off the excess of SO2, the solution was 
neutralized with NH4OH and 2.5 cc. HCl (1.19) were added. H2S was then passed 
intio the solution for several minutes and again after dilution to 120 cc. until precipitation 
was complete. The precipitated sulfide, after filtering, was in each case boiled for 2 
minutes with 25 cc. 25% KOH. The result of this treatment showed that the sulfides 
of Hg, Cu, Bi and Cd were completely undissolved. PbS di.s.solved to a small extent 
but was completely precipitated with a little H2S. The sulfides of As, Sb and Sn were 
piwctically completely dissolved.® 

Conclusion. —From the above experiments it is evident that by using SO2 to oxidize 
stannous tin, KOH may be used to separate the sulfides of the divisions of Group 2. 
The use of SO2 has the added advantage of reducing pentavalent As at the same time. 

VI, 

Formation of K%S when a Tin Croup Sulfide is Treated with KOIJ. —A mixture of 
500 mg. Sb, as SbCU, and 10 mg. Pb, as Pb(NO*)2, was completely precipitated with 
Hi®, filtered, washed and then boiled for i minute with 25 cc. 25% KOH. The mix- 

solution was boiled down to half its volume in order to decompose the excess H2O2 
which would otherwise have given a precipitate of S with the H2S subsequently added 

^ See note under Test Experiment V. Similar residues were obtained here. 

* A very slight residue remained on the filter when 500 mg. of As, Sb or Sn in the 
fwm of sulfides were dissolved by the KOH and the resulting solution filtered. The 
residues from the As and Sn(ic) solutions were no more than a smudge on the filter. 
The residues from the Sb and Sn(ous) solutions were more noticeable than these; 
but still could leave no doubt as to the absence of a significant amount of a metal of 
the Cu group. When diminishing amotmts of the metals (400, 300 mg., etc.) were 
taken, the residues became more and more unnoticeable. 
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ture was diluted with 35 cc. water and filtered; a black residue was obtained. 
perfectly clear filtrate was then treated with H^S. No precipitation or coloration 
formed, showing that the PbS was completely undissolved by the KOH because of the 
presence of K2S derived from the solution of SbaSs in the excess of KOH.^ The experi< 
ment was repeated with mixtures of 500 mg. As, as an HCl solution of AsiOa, and 5 
mg. Pb, as Pb(NOi)i, and with 500 mg. Sn, as SnCb^ and 50 mg. Pb, respectively. 
The same results were obtained. Therefore, in the presence of a relatively large amount 
of a Sn group sulfide, the treatment of the KOH .solution with HjS in the procedure 
may be dispensed with. Further evidence of the formation of KsS is supplied in Test 
Experiment 7. 

• VII. 

The Action of in Reprecipitating HgS from the KOH Solution. —It was found 
that more or less HgS always passed into the alkaline filtrate with the sulfides of the 
tin group because of the presence of KaS in the solution. In the following experiments 
a method has been adopted for completely reprecipitating the HgS without bringing 
down any of the Sn group metals: 

A mixture of 25 mg. Hg, as Hg(NOs)2f and 500 mg. As, as a HCl solution of Asfii 
was completely precipitated with HaS. The mixed sulfides, after wa.shing. were boiled 
for 2 minutes in 23 cc. of a 25% KOH solution; the precipitate completely 
dissolved to a clear solution. The solution was diluted with 35 cc. of water and 
treated with a few bubbles of HjS; it still remained dear. 30 cc. 3% H2O2 were then 
added and the mixture was boiled for one minute. A black precipitate came down. 
The mixture was boiled for one minute longer and filtered. The residue gave a positive 
test for Hg. The filtrate was concentrated to one>half its volume in order to oxidize 
the AsiSa to arsenic acid and to decompose the excess H20s;^it was then acidified with 
HCl. No predpitate of any kind came down, thus showing the HgS to have been 
completely predpitated by the HjOa. 

When I mg. Hg, as Hg(N 08 )*, was treated with 500 mg. Sn, as SnCt4, as above, 
on the addition of the HjOj to the alkaline solution, the HgS was completely repredpl- 
tated and a good confirmatory test with SnCls was obtained. 

To test the method the following test analyses were used: 


Test Analyses. 


Solution. 

Hg. 

Pb. 

Cu. 

Bi. 

Cd. 

AsCous). At(ic). 8b(ous). 

8n(ous). 

Sn(k). 

I. 

I 





1 


500 

1 


2. 

. . . . 





1 


1 

500 


3 . 


I 


1 

2 

300 





4 . 


• 



300 



. . . 

I 


5 . 

. 

. 




1 


I 

500 


6. 

. 500 

2 



1 



. . . 



7 . 

I 


250 





, . . 

. * . 

250 

8. 

I 

2 

500 






.. . 

X 

9 . 






1 


500 


a 

10. 






2 


2 

300 

... 

II. 

I 


300 





. . . 

. . . 

. .. 

12. 

, . . . 


1 





500 

. . . 

t 

*3 . 

. I 

• 





500 

. . . 

. . . 

... 


The results of the above analyses were all successful, i mg. of arsenic 
was alwa3rs detected by using the (NH4)2Mo04 confirmatory test. 

^ See Test Experiments t and 5, showing the solubility of PbS in KOH. 
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In analyses Nos, 2, 5, 9 and 10, very slight residues^ were left on the 
filter after treatment of the precipitated sulfides with KOH, but in no case 
was the size of the residue such as to indicate the presence of significant 
amounts of metals of the Cu groups. 

Summary. 

1. The well-known objectionable features of the ammonium polysulfide 
method for the separation of the copper and tin groups have led to many 
attempts to replace it by a more suitable process; of these the sodium 
carbonate, sodium hydroxide, and potasvsium hydroxide methods taken 
alone or in conjunction with hydrogen peroxide are the best known. 
These have been examined and their shortcomings pointed out. 

2. A scheme of analysis has been devised which overcomes the chief 
difficulties in the analvsis of the filtrate of Group The chief features 
of the method are: 

(а) The preliminary precipitation of the alkaline eartli metals together 
with some of the lead before precipitation of Group 2 with hydrogen 
sulfide 

(б) Treatment of the filtrate from the precipitation of the alkaline 
earth metals with sulfur dioxide before passing in hydrogen sulfide, in 
order to oxidize stannous tin and to reduce pentavalent arsenic. 

(c) The complete separation of the sulfides of the divisions of Group 
2 b}' means of potassium hydroxide. 

3. The results of a number of test analyses show the method to be 
trustworthy. 

Nbw York. N. Y. 


EQUILIBRIA IN THE SYSTEMS, WATER, ACETONE AND 
INORGANIC SALTS. 

By Gbo. B. Frakkfortbr and Lillian Cohen. 

Received January 29, 1914 

Introduction. 

The dehydration of acetone is very similar to that of alcohol and ether. 
In most cases where dehydration of organic liquids takes place, the phe¬ 
nomenon of the formation of two definite layers also takes place. The 
salts most commonly used for dehydration purposes are CaO, CUSO4, 
CaCb, K2CO8, Na2S04, MgS04, CaS04, and KCl. CaCb offers disad¬ 
vantages inasmuch as it frequently forms compounds with the liquids 
and cannot be used in drying them. The only experiments of value 
on the efficiency of these drying agents wrere made by Siebenrock** in the 

* See note under Test Experiment 
^ MemUsh., 30, 739-^, 
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drying of ether; Foote and Scholes^ in the drying of alcohol; and Praiik- 
forter and Frary* in the drying of alcohol. V' 

Frankforter and Frary^ showed that anhydrous potassium fluojfiAe 
is in the same class as anhydrous potassium carbonate and that its hydiiie 
is more efficient than the hydrated carbonate. 

In the dehydration of acetone containing water, it was noticed that 
two layers were formed when a sufficient quantity of a salt, such as CaCh, 
KF, K2C03 or NaCl, was added. Linebarger,* Snell,* Bell,^ McEltt)y 
and Kjiig,® Timmermans,^ and Herz and Knoch* made investigations 
on the influence of various salts causing the formation of layers in aqueous 
solutions of acetone. In 1912, Frankforter and Frary obtained lasers 
in aqueous solutions of ethyl and propyl alcohols with potassium fluortBe. 
Since the potassium fluoride was found to be so effective in salting out 
the two alcohols, a study was made of its action with aqueous solutions 
of acetone. A saturated solution of potassium fluoride was added to a 
solution of acetone in water. A distinct separation into layers took 
place immediately. 

A study of the equilibrium in this system at the ordinary room temp^- 
ture was undertaken. In connection with this, a study was made of the 
systems containing potassium carbonate, water and acetone; calcium 
chloride, water and acetone; and sodium chloride, water and acetone. 

Theory. 

The theoretical side of systems containing three components, which can 
have two liquid and one solid phase, has been the subject of a series of 
investigations by F. A. Schreinemakers.® Application of the general 
principles has been made to the systems under discussion. In tliesc sys¬ 
tems we have the following conditions; (i) two liquids which are misci¬ 
ble in all proportions, and which in the absence of a third substance do 
not form layers under any conditions, (2) a salt which is soluble in the 
water, but not in the organic liquid (or the amount of the salt which dis¬ 
solves in the organic liquid is practically negligible). This «alt does not 
cause layer formation when added to any one of the two components in 
the absence of the other. The phases possible under these conditions 
are; (i) a homogeneous mixture of all three components, (2) two liquid 
phases, (3) a solid and two liquid phases, (4) a solid phase and one liquid 

1 This Journal, 33 » 1309- 

* J, Phys, Ckem,, xy, 402. 

* Am* them. J*, 14, 380. 

* J. Phys. Chem., 2, 438. 

9, 531. 

* J. Anal, and App, Chem,, 6, 153. 

^ Z, physik, Chem,, 58, 129-213* 

® Z. anorg* Chem,, 41, 3x8. 

» Z* physik, Chem., 22^ 93, $ts; 33i 4X7# 649; 59i 647* 
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phase. In case the hydrate is formed (4) represents two solid phases 
and one liquid phase. The graphic representation of these systems is 
the same as that given by Schreinemakers^ and Prankforter and Frary.® 

Experimental. 

The following determinations were made in all the systems studied: 

1. Solubility of the salts in various concentrations of aqueous acetone, 
ranging from 95 to ioo% acetone. 

2. The binodal curve. 

3. Tie lines. 

4. Approximate positions of the plait point. 

5. Quadruple points. 

6. Some temperature effects. 

Solubility .—In the determination of (i) the method' used was not 
always satisfactory. In all cases except that of calcium chloride, the 
salt was carefully heated to a dull red heat for about ten minutes, then it 
was partially cooled in a desiccator and added, while still warm, to the 
different acetone water solutions. 

The acetone solutions ranged in concentration from 95 to 100% and 
were made by carefully weighing the water in an Erlenmeyer flask pro- 
vided with a ground glass stopper. The volume of acetone needed for 
a given concentration ^vas carefully calculated from the specific gravity. 
This was added to the water and tlie contents of the flask w^ere again 
weighed, giving the actual weight of acetone and water present. After 
the salts had been added to the solutions, the mixtures were heated to 
about 35-40°. The solutions remained in intimate contact with the 
salt for periods ranging from one week to ten days. Incidentally, as 
all the experimental work was done at 20°, the room temperature was 
kept as near 20° as possible. It ranged at times from 18° to 26°, In 
the case of sodium chloride the period of contact was much shorter. The 
salt solutions were shaken from time to time. The source of error in this 
metliod was due to the fact that if not enough salt was added the solu¬ 
tion would not be saturated, and, if too much salt was added, the solu¬ 
tion separated into two layers, giving entirely different concentrations 
of acetone than the ones under investigation. After standing for a given 
time, tlie solutions were decanted off and weighed quantities of the solu¬ 
tions were transferred to weighed platinum dishes and evaporated to 
dryness over water baths or on the radiator. The residue was weighable 
only in the case of calcium chloride; in all other cases it was negligible. 
The solubility of the salts in water was not determined, but the following 
solubilities were used: 92.3 g. of potassium fluoride are soluble in 100 
g. of water; but this is an inconvenient form, the percentage of the an- 

* Z. physik. Chem., 59, 647. 

* J. Phys. Chem., 17,402. 
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hydrous salt in zoo g. of the satuiBted solution being more convenient 
to work with. This is equivalent to 48% of anhydrous salt.^ The sohi^ 
bility of potassium carbonate is tz2 g. of the anhydrous salt in 100 g. 
of water at 20®, or 53.06% carbonate. For calcium chloride the solu¬ 
bility used is that given by Roozeboom^ (74*5 8* of CaCh in 100 g. of 
water, which is equal to 42.69 g. of CaCls in 100 g. of the solution). The 
solubility of NaCl used was 35.79 g. in zoo g. of water or 26.35% of the 
solution as sodium chloride. The following method was employed in 
determining the binodal curve: An Erlenmeyer flask of about 400 cc. 
capacity, provided with a carefully ground glass stopper, was used in all 
the determinations. A side neck was blown into the flask at such an angle 
that a short thermometer could be inserted into the neck by means of 
very thin rubber cork, thus allowing the bulb of the thermometer to be 
constantly immersed in the solution. The thermometer was calibrated 
by comparison with a standard certified thermometer. The flask was 
carefully dried and weighed. The salt that was to be used, except in case 
of the calcium chloride, was heated to red heat for about ten minutes, 
cooled in a desiccator, rapidly transferred to the weighed flask and weighed 
immediately. Water from the buret was added, all the salt was com¬ 
pletely dissolved and the flask with water was again weighed. The differ¬ 
ence in the last two weights showed the amount of water. The indicator 
was then added. As it was difficult to see the appearance and the disap¬ 
pearance of two phases, the same indicators used by Frankforter and 
Frary were again used, spirit blue for all the systems except the potassium 
carbonate. In the carbonate system, on account of the bleaching action 
of the alkaline solution on the spirit blue, solid particles of phenolphthalein 
were used.* In all cases precautions were taken not to use too much of 
the indicator, because with excess of the indicator the end point would 
be more obscure than if no indicator at all were added. 

Bonner* is the only other investigator of binodal curves who introh 
duced an indicator, making use of small quantities of lamp black. The 
colored indicator is more convenient than the lamp black indicator. 

After the addition of the indicator, a very small quantity of acetone 
was added. If two layers did not appear more acetone was added until 
there was a second definite layer present. The additional acetone was 
then weighed and water was carefully added from the buret until the 
two layers just became homogenous. The water was added very care¬ 
fully and the contents of the flask were thoroughly shaken and allowed 
to stand; otherwise too much water would be used, nullifying results. 
The additional water was weighed, and more acetone was added to form 

1 Ber,, 39, 1716. 

* Z. physik. Chem., 4, 31. 

* J, Phys, Chem., 14, 738. 
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a second layer. This was weighed and water added as before until the 
second layer just disappeared. Series of determinations were made, 
starting out with saturated salt solutions, continuously adding water and 
acetone tmtil the flask would hold no more of the solution. 

The temperature changes of a few degrees around 20° were very notice¬ 
able in the system of calcium chloride. They were less marked in the 
case of potassium fluoride, and with certain concentrations, were not at 
all noticeable with potassium carbonate. In changing the temperature 
from 5® to 40® in the latter system, no particular effect was noticed in de¬ 
termining points on the binodal curve. This can also be seen in Fig. 
3, where the points determined by BelF are plotted beside the binodal 
curve obtained at 20°. Bell's results are for an isotherm at 25®. In de¬ 
termining points on the binodal curve the phenomenon of “foam build¬ 
ing" mentioned by Ostwald was noted. According to Ostwald all aqueous 
solutions above their saturation temperatures are inclined to form foams, 
no foams being found in heterogeneous mixtures. When the solutions 
containing two layers were shaken the bubbles quickly disappeared, 
but on the immediate formation of a single layer the foam was easily 
obtained. 

Tie Lines .—^The binodal curve is, tlien, the locus of all saturated homo¬ 
geneous liquids, the effect of adding a particle of salt causing the forma¬ 
tion of two layers. The composition of these two layers can then be de¬ 
termined and tie lines drawn. The tie lines are not necessarily parallel, 
though the tendency toward this is noted in lines near the plait point. 
The composition of these two solutions, which are called conjugate solu¬ 
tions, was determined in the following manner: The solutions were trans¬ 
ferred to a separatory funnel, the upper and lower liquids separated and 
weighed portions of each evaporated to dryness. This gave the amount 
of salt in the upper and lower layers, respectively. By reference to the 
tables for the different binodal curves, the percentage composition of the 
two solutions can be easily determined. A straight line drawn between 
these two points on the binodal curve representing the coniugate solu¬ 
tions is called the “tie line." 

Plait Point .—Difficulty was experienced in determining some of the 
plait points, because as the solutions have more nearly the same composi¬ 
tion, their densities approach each other in value and the layers, while 
they do form, do not separate out so quickly, one solution being held in 
fine suspension in the other. Instead of determining the plait point 
directly several tie lines were located, and by interpolation the plait point 
was determined. It could have been determined directly. 

Quadruple Points .—^These were determined by the following methods: 
A saturated aqueous solution of the salt was made and acetone was added 
1 J. Phys. Chem., p, 537* 
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tmtil two very distinct layers appeared, the volume of each being equal 
to at least three hundred cubic centimeters. Additional salt was then» 
added, and the flask was warmed to get more of the salt into the solution.^ 
The flask and contents were then cooled to 20® and in most cases crystal#^; 
of the hydrate appeared in a very short time. The solutions were kept 
in contact with each other for periods exceeding a week, and the contents 4 
of the flask were shaken at frequent intervals. In some instances a shak«f 
ing machine was used. Weighed portions of both the upper and lower 
layers were transferred to weighed platinum dishes and the contents 
of the dishes evaporated to dryness. Their salt content was thus deter¬ 
mined and expressed in grams per hundred grams of the solution. In 
determining the acetone content of the upper layer, the solution was dis¬ 
tilled and the distillate collected in a Will-Varrentrapp apparatus which 
was kept cold with salt and ice. This prevented the rapid evaporation 
of the acetone. The contents of the distilling flask were distilled to dry¬ 
ness. The specific gravity of the acetone is then determined, and from 
the table given by McElroy and Krug^ the amount of acetone present 
is obtained. Another method that might be used would be to make 
up a series of solutions, with var3ring water and acetone content, saturate 
them with the given salt and determine the specific gravities of tlie solu¬ 
tions. The series of specific gravities could be plotted and used as stand¬ 
ards of comparison. The same method could be used in determining 
tiie exact composition of the lower layers, but difficulties are encoun¬ 
tered in determining the acetone content. When salts such as potassium 
fluoride or carbonate were used the amount of acetone in the lower layers 
was slight. Therefore, very large quantities of the lower layers had to 
be used. * In determining the acetone content, 200-400 g. of the solution 
were transferred to a weighed flask, weighed and then placed in a dis¬ 
tilling flask, and water was added to lower the density of the solution^ 
The contents of the flask were then distilled over into either a weighed 1 
flask or Will-Varrentrapp bulbs, which were kept cool by salt and ice. 
To be sure that all the acetone had passed over, the distillation was always» 
continued from five to ten minutes after the thermometer registered from 
98-100®. If the volume of the distillate was not sufficient for specific 
gravity determinations, more distilled water was added. It was not de-» 
sirable to add much water as the acetone content was not high. The dis-. 
tillate was weighed and the specific gravity determined; from the tables ^ 
the amount, by weight, of acetone present in the distillate found, and, 
from this was obtained the amount of acetone present in the original 
amount of solution taken. Concrete illustrations are given in the various^^ 
systems studied. The data at hand were then; the concentration of 
acetone in the water and salt solution^ and the amount of salt present. 

‘ /. Anal, and App, Ckm.^ 6f 187, (1892). 
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A second quadruple point was determined when the salt used formed 
a hydrate. This point determined the dehydrating power of the anhy¬ 
drous salt. To an aqueous solution of acetone, such as the one from 
the distillate of the upper of the first quadruple point, excess of the an¬ 
hydrous salt was added. After the flask was warmed and then cooled, 
part of the salt appeared as the hydrate and part was still anhydrous. 
There were four phases present, hydrate, anhydrous salt, one liquid phase 
and the vapor. The temperature was fixed, so the system was invariant. 
The acetone content of the liquid phase was determined in the same 
manner as the acetone content of the upper layer of the first quadruple 
point. The vSolution was decanted off from the solid salt and distilled to 
dryness. The % of acetone present in the distillate was obtained 
by determining its specific gravity. The amount of salt present in the 
liquid layer was determined by the evaporation of a weighed quantity 
of the solution, and the weight of the residue was obtained. Traces of 
the salt were found only in the case of calcium chloride. With the car¬ 
bonate and fluoride practically nothing was left in the dish after evapora¬ 
tion. 

Temperature Effects ,—In determining points on the binodal curve 
for all the systems, the temperature was kept at 20®. The changes pro¬ 
duced by variations in temperatures were not so marked in dilute solu¬ 
tions as in concentrated solutions of the various salts. Absolute deter¬ 
minations of the upper and lower critical solutions temperature were not 
made. Homogeneous solutions of the salts in water and acetone were 
made at temperatures as low as 5 ® and the solutions were gradually warmed 
through 5 and if clouding took place water was added until the cloud 
disappeared. The excess of water was then weighed. Heat was again 
applied, and the change produced by the next 5® was noted. The process 
was repeated until temperatures of 40® were reached. 

Materials* 

Calcium Chloride ,—^The calcium chloride used was Merck's purified 
especially for analytical purposes. Five grams of the calcium chloride dis¬ 
solved in 25 cc. of water did not give a clear solution and the solution was 
slightly alkaline. Even though the slight amount of calcium oxide 
present might not affect the experimental data, the cloudiness of the solu¬ 
tion would interfere with end point determinations of positions on the 
binodal curve. The alkalinity was removed by a process described a 
little farther on. The salt was found to be pure according to tests given 
by Krauch.^ The calcium chloride contained some water. When cal¬ 
cium diloride containing one molecule of water is heated, hydrochloric 
acid is given off and the basic salt is formed.* To prevent the formation 
^ Testing of Chemical Reagents 
»M. Dennstedt, Ber,, i, 603. 
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of the oxychloride and to remove the water, the following methods were 
used: 

The calcium chloride was fused and, while in a state of fusion, a current 
of dry hydrochloric acid gas was introduced. The fused salt was then 
cooled in a desiccator and was ready for use. It was diflScult to prepare 
large quantities of calcium chloride by this method. It was therefore 
discarded and the following one substituted in the preparation of all the 
calcium chloride used: A hydrochloric acid generator was connected 
with a drying bottle containing concentrated sulfuric acid and then to 
two calcium chloride drying towers. From the last drying tower a de¬ 
livery tube was placed in an Erlenmeyer flask, which was immersed to 
the neck in a porcelain air bath. The calcium chloride was powdered 
and 250-300 g. were placed in the flask, the temperature of the air bath 
ranging from i6o to 220®. The hydrochloric acid gas was passed into 
the heated chloride, which was stirred frequently to insure contact of the 
gas with all of the chloride. At the end of an hour no more moisture 
formed in the neck of the flask. The^ chloride was then heated two or 
three hours longer, the heat was removed and the generation of the gas 
was stopped. When the contents of the flask were cooled to 100®, the 
chloride was transferred to a desiccator containing pumice stone well 
sprinkled with phosphorus pentoxide. The salt, when dissolved and 
tested with phenolphthalein, gave a neutral reaction. A solution con¬ 
taining over 2 g, of this salt turned pink when one drop of N/io sodium 
hydroxide solution was added. 

The requirements of the experiments did not demand calcium chloride 
of the purity used by Richards and Honigschmid^ in their atomic weight 
determination of calcium. 

Potassium Fluoride .—This salt was labeled ‘‘Merck's chemically pure 
potassium fluoride." If gave an acid reaction. The acidity was removed 
when the salt was heated to red heat, all the excess hydrofluoric acid being 
driven off. The potassium fluoride did not dissolve completely in water 
before it was heated, the solution being cloudy. After the salt had been 
heated the aqueous solution was clear, indicating that the original salt 
contained free add which attacked the glass. 

Potassium Carbonate .—Pure potassium carbonate was not available, 
so the salt was xnade from the bicarbonate. The bicarbonate was dis¬ 
solved in boiling water, boiled for half an hour, the boiling solution cooled, 
and the crystals that separated out were dried by suction. The object 
of boiling was to convert some of the salt into the carbonate. The salt 
was dried several hotus in an electric drying oven at 160®. As complete 
decomposition takes place at 190*^, the salt was then transferred to a plat¬ 
inum dish and heated to red heat until the excess of carbon dioxide and 
^ Tms Journal, 33, 28. 
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water had passed off. The temperature was kept below fusion to pre¬ 
vent the formation of potassium hydroxide and the loss of carbon dioxide.^ 
The potassium carbonate was always reheated and cooled in the desic¬ 
cator before being used for determinations. 

Sodium Chloride. —Kahlbaum’s chemically pure sodium chloride was 
used. Its solubility was 35.74 g. of salt in 100 g. of water. The salt 
was powdered and heated to red heat for a few minutes until all the 
“crackling'' stopped. It was then cooled and used. 

Methyl Alcohol. —Kahlbaum's absolute methyl alcohol, 100% pure, 
was used, specific gravity 0.79576, at i5.55V4°» b. p. 64.6^ 

Acetone and Its Purification. —^The acetone was Kahlbaum's purest 
quality from the bisulfite compound. It was found to contain some 
water, in addition to very small quantities of other impurities. It was 
necessary to purify it before tlie salting out processes could be satisfac¬ 
torily carried out. Fractional distillation failed to remove the last traces 
of impurities. Calcium chloride and potassium carbonate were tried, 
but were found unsatisfactory. Magnesium amalgam was next tried, 
with better results, but was abandoned on account of the loss of acetone 
during the process, as the amalgam held mechanically a considerable 
quantity of the acetone. Finally, sodium amalgam was used success¬ 
fully, after tlie acetone had been first dried for some time with calcium 
chloride. So satisfactory was the sodium amalgam method that it was 
used later for preparing chemically pure acetone from the commercial 
product. The method of purification consisted in simply treating the 
acetone with calcium chloride, decanting off the dried acetone, treating 
it witli sodium amalgam and finally decanting off tlie acetone and redis¬ 
tilling, The residue was reddish brown. The residue obtained by Bell's 
method of purification was yellow, which may have been due to decom¬ 
position, as it was found that acetone that had stood in the sunlight 
gradually turned yellow. This method of treatment gave strictly pure 
acetone even from the commercial product, hence practically all the ma¬ 
terial used in this work was prepared from the crude product by the 
above method. 

R. Bacon and P. Freer* found that sodium reacted with acetone form¬ 
ing CjHftONa, a white flocculent precipitate which turned red on exposure 
to the air. Whether the red color found in the residue, after the distilla¬ 
tion of the acetone which had been treated with this sodium amalgam, 
is due to a sodium compound is not known, as the residual solution has 
not as yet been investigated The formation of this sodium compound 
is doubted by Taylor.* 

^ Roscoe and Schorlemmer, a, 351 (1907). 

* PhUipp. J. Sci.f 367, 76; through C. A., x, 1694. 

• /. Chrnn, Soc„ 89, 1337. 
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Physical Constants. 

Index of Refraction. Pulfricb refractometer (latest model). Temperature ao*’. 


Commercial acetone. H a x .36309 H x .34882 H 7 x *33999 

Purified acetone. Heex .362x3 Hfii .34834 H 7 i *339506 


Kahlbaum's acetone, purified. H a x .36219 H p 1 .34823 H 7 x .33943 


obtained the following results: 

Acetone, sp. gr. 20V4*. 0.7920 

Htt 1.35715 H/8 1.36393 H 7 1.36780 


The data given for the specific gravity and the boiling point of acetone 
by different investigators do not generally agree. The acetone used in 
this work had a boiling point of 56.3-4®. 

Systems, 

Potassium Fluoride Water and Acetone .—^This system is one that has 
never been studied, because the usefulness of potassium fluoride has 
but recently been shown by Frankforter and Frary.* In 1912 they found 
that the addition of potassium fluoride to ethyl or propyl alcohol mix-* 
tures with water would cause the separation of the two miscible liquids 
into layers. The potassium fluoride Wlted out the alcohol. As a de¬ 
hydrating agent the saturated solution of the hydrate of the fluoride was 
better than a saturated solution of the hydrate of potassium carbonate, 
owing to the lower vapor tension of the solution of the fluoride. Potas¬ 
sium carbonate hydrate removes more water than the hydrate of potas¬ 
sium fluoride There is a similarity in their action with acetone, though 
it is less noticeable with acetone than with alcohol The conduct of ace¬ 
tone and water with either potassiiun carbonate or fluoride is very similar 
to that of alcohol and water with the same salts. The fluoride is solu¬ 
ble to some extent in alcohol, 4.79 grams per hundred grams of the sol¬ 
vent. In acetone the fluoride is practically insoluble. The anhydrous 
fluoride was heated for about ten minutes, allowed to cool, and while still 
warm was added to the anhydrous acetone. The acetone was shaken 
from time to time, and after standing in the rcom at about 20® for over 
three days, the amount of the potassium fluoride in a known weight of 
the solution was determined by conversion of the potassium fluoride into 
the chloride, by addition of hydrochloric acid and subsequent evaporation. 
It was rather difixcult to determine the solubility of the salt in the less 
concentrated solutions of acetone, because, if too much salt was added, 
the salt took up the water and two layers were formed. The acetone 
layers in no case gave any perceptible amount of potassium fluoride 
in the solution, and, in general, potassium fluoride can be classed as a 
salt that is insoluble in acetone. In the study of this system the two 
quadruple points, tie lines, binodal curve and the approximate plait 

> Z. physik. Chem., 32, 189, 409. 

* J. Pkys. Chem.» 17, 402. 
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points were determined A few experiments were made to show the tem¬ 
perature effect, within narrow ranges of temperature. The method used 
in determining the points on the binodal curve and the quadruple points 
has been already described. The data for the binodal curve are given 
in Table I and the positions of the other points are given in Fig. r. The 
first quadruple point determined is the one where tlie hydrate, water, 
acetone and vapor are in equilibrium at 20°. According to the phase 
law, if the temperature is kept constant, the system is invariant and is in 
equilibrium. The composition of both layers was determined by the potas¬ 
sium fluoride and acetone content in both the upper and lower layers. 
When 20”30 g. of the upper solution were treated with hydrochloric 
acid, to prevent loss of the chloride, and the solution vras evaporated to 
dryness, no appreciable residue was found. This indicated a potassium 
fluoride free upper layer. The rest of this upper layer was carefully 
distilled. A 150 cc. distilling flask was connected with a condenser and 
then to a Will-Varrentrapp “U** tube, which was kept in a freezhig mix¬ 
ture of salt and ice. The latter was used to prevent the loss of any vapors 
of acetone, as acetone has a high coefficient of expansion. The contents 
of tlie flask were distilled to dryness and the distillate from the 
bulb was transferred to an Erlenmeyer flask. The temperature at which 
the distillate passed over was practically 56® until over 5/6 of the solu¬ 
tion had passed off, when the temperature rose rapidly to 85-90®. The 
last trace of the distillate came off at 98 100®. Several fractions were 
distilled and tlioroughly mixed. One slight source of error is noticed at 
the end of the distillation, a very slight brown resin, which decomposes 
at a high temperature, is left behind. 

The specific gravity of this distillate was then determined. McElroy 
and Elrug^ have determined the data for a table of specific gravities for 
acetone at 20®/4®. In this table the specific gravities of 20 mixtures 
of acetone and water, ranging from zero to 100% of acetone, are given. 
In order to determine intermediate points, this table was plotted, the 
rectangular coordinates giving percentages and specific gravities. From 
the diagram the percentage of any acetone solution could be obtained 
from its specific gravity. 

In the determination of the specific gravity of tlie acetone ob¬ 
tained from the upper layer, 0.798 at 20® was obtained. This cor¬ 
responds to 98% acetone. A saturated solution of potassium fluoride 
will, then, dehydrate acetone to the extent of 98%. The amount 
of potassium fluoride in the lower layer was next determined. 32.679 g. 
of the lower layer were transferred to a weighed platinum dish and 
sufficient concentrated hydrochloric acid was added to convert all the 
fluoride into the chloride. This is done to prevent the loss of hydro- 
^ /. Anal, and App, Chem,, 6, 187. 
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jELuoric add, as the salt hydrolyaes. 19.625 g. of potassium ddoride were 
obtained, which is equivalent to 46.3 g. of potassium fluoride in 100 g. 
of the lower la3rer. The acetone content of the lower layer was not measur¬ 
able according to the specific gravity tables of McBIroy and Krug. 106 g. 
of this solution were placed in a distilling flask and distilled, and the tem¬ 
perature rose at once, remaining at about 100® for over ten minutes. 
The distillate was weighed and its specific gravity was determined and 
found to be 0.9994 stt 20^/4®. This shows that only traces of the acetone 
are present. 

In determining the second quadruple point, where the anhydrous 
potassium fluoride, the hydrate KP.2H2O, acetone layer and vapor are 
in equilibrium at 20®, the acetone from the previous determination was 
used. It was kept in contact with the hydrated fluoride and the anhy¬ 
drous salt at room temperature for over a week. The flask was shaken 
from time to time to insure complete contact, the acetone was decanted 
off and several determinations of the specific gravity were made at 
20®/20®, giving the value o. 7932, or 99.9% pure acetone. This would indi¬ 
cate that with potassium fluoride practically anhydrous acetone can be 
obtained. Landolt and Bdmstein tables give the specific gravity of 100% 
acetone 2o®/2o® as 0.793. 

In determining the plait point and the tie lines, a series of conjugate 
solutions were made and the potassium fluoride content of the upper and 
the lower layers determined. 



Upper layer. 

Amount of 
solution. 

. 45-98 

Grams KCl. 

0.0295 

Grams XF in 
100 g. of solution. 

0.05 

I.! 

Upper layer. 

. 39.37 

0.03 

0.059 

Lower layer. 

. 53-936 

16.006 

23.12 


Lower layer. 

. 53-81 

16.64 

13.23 

1 

f Upper layer. 

. 33-869 

0.710 

1.634 

II. 1 

1 Upper layer. 

. 32.5315 

0.6818 

1.633 

1 Lower layer. 

. 19 7548 

2.744 

10.94 

1 

^ Lower layer. 

. 23 . 1605 

3.25 

10.94 

in. j 

f Upper layer. 

. 15.1210 

0.X095 

0.5642 

[ Lower layer. 

. 19.5975 

3.717 

14.78 

ly. i 

^ Upper layer. 

. 19.933 

0.86 

3.36 

Lower layer. 

. 18.133 

1.862 

8.00 


From these tie lines, the approximate position of the plait point was 
found. 

Comparison of the carbonate with the fluoride curve shows that it was 
easier to obtain the plait point on the fluoride curve. 

The Ejffect of Temperature ,—In studying the system PaCh.H*© and 
acetone, it was noticed that the solution, just homogeneous at 20®, became 
doudy when the temperature increased even one-half of a degree. With 
potassium fluoride, water, and acetone, this douding effect was not so evi- 
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dent. The temperature effects within narrow limits were determined, 
and are discussed later on. 

Table I.—^For the Binodal Curve of Potassium Fluoride Water and Acetone 

AT 20®. 

Wt. of subst. present in 100 g. 

Solvent added. Total wt. of subst. present. of soln. 


Watw. 

Acetone. 

KF. 

Water. 

Acetone. 

KF. 

Water 

Acetone. 

50.615 

30.361 

4.9433 

50.615 

30.361 

5.75 

58.91 

35-34 

4.983 

7.897 

4*9433 

55.598 

38 258 

5.00 

56 28 

38.72 

11.634 

* 8.237 

4.9433 

67.232 

56.495 

3.84 

52.25 

43.91 

12.055 

20.903 

4-9433 

79.287 

77.398 

3.06 

49.05 

47.89 

9-453 

18.358 

4-9433 

88.740 

95.756 

2.61 

46.84 

50.55 

10.895 

22.112 

4.9433 

99 635 

117.868 

2.22 

44-79 

52.99 

79.847 

12.346 

16.206 

79.847 

12.346 

14.95 

73.66 

11.39 

20.224 

12.778 

16.206 

100.071 

25.122 

11.46 

70.77 

17 77 

18.888 

16.476 

16.206 

118.959 

41.598 

9.17 

67.30 

23.53 

15.445 

17.761 

16.206 

134.404 

59.359 

7.72 

64.01 

28.27 

7.695 

11.41s 

16.206 

142 099 

70.774 

7 07 

62 .03 

30.90 

10.230 

12.490 

16 206 

152.329 

83.264 

6.43 

60.50 

33.07 

33.194 

47-528 

I.1273 

33.194 

47 528 

1.38 

40.55 

58.06 

8.715 

24.505 

1*1273 

41.909 

72.033 

0.979 

36 42 

62.60 

11.254 

36.286 

1.1273 

53.163 

108.319 

0.693 

32.69 

66.61 

9.49 

26.795 

1.1273 

62.653 

135 I14 

0.57 

31-50 

67.93 

44.520 

78.942 

1.114 

44*520 

78.942 

0.89 

35.74 

63.36 

5.980 

18.618 

1.114 

50.50 

97*56 

0.75 

33 84 

65.41 

7 708 

25.30 

1.114 

58.208 

122.860 

0 61 

31.95 

67.44 

8 66 

32.572 

1.114 

66.868 

155 432 

0 5 

29.92 

69.58 

44.591 

1.163 

18.163 

44 591 

1.163 

28 42 

69.76 

1.82 

5.686 

0.972 

18.163 

50.277 

2.135 

25-74 

71.24 

3.02 

9.038 

1.651 

18.163 

59.213 

3.786 

22.35 

72.99 

4.66 

6.77 

1.514 

18.163 

66.085 

5 300 

20.28 

73.80 

5.90 

5.843 

1.675 

18.163 

71.928 

6.975 

18 71 

74.10 

7.19 

10.420 

3.844 

18.163 

82.348 

10.819 

16 31 

73.97 

9.72 

23.100 

12 .003 

18.163 

105.448 

22.822 

12.40 

72 .01 

15.59 

46.814 

0.282 

24.1185 

46.814 

0.282 

33 86 

65-73 

0.397 

8.300 

0.935 

24.1185 

55.114 

1.217 

29.97 

68.54 

1.50 

25.178 

3.747 

24.1185 

80.292 

4.964 

22 .05 

73.41 

4.54 

19.882 

6.088 

24.I185 

100.174 

11.052 

17.82 

74.01 

8.16 

23.044 

9.741 

24.1185 

123.218 

20.793 

14.34 

73.29 

12.37 

79.437 

0.341 

63.2847 

79*437 

0 341 

44 24 

55.52 

0.240 

45.205 

1.542 

63.2847 

124.652 

1.542 

33.34 

65.66 

1.00 

20.566 

1.515 

63.2847 

145.218 

3 398 

29.86 

68.54 

1.60 

42.104 

5.630 

63,2847 

187.322 

8.928 

iA 38 

72.16 

3.45 


Fig. I gives a graphic representation of this system. 

Potassium Carbonate, Water and Acetone .—^That potassium carbonate 
forms two la)?ers when added to an aqueous solution of acetone has been 
idiown by Linebaiger,^ Snell* and Bell.* 

‘ Ann. Chem. J., 14, 380. 

* J. Phys. Chem., a, 457. 

«iMd., 9,331. 
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Linebarger’s worki although dasaed as quantitative by TimmermanSi^ 
is very incomplete and merely shows that two layers are formed when the 
carbonate is added to the water and acetone. He made only ten deter¬ 
minations on the binodal curve, and these, he admits, are not very accu- 



Fig. I, —Equilibrium in the system: potassium fluoride, water and acetone. 


rate. His measurements are also made on points of tlic curve that do not 
give any indication of the general direction of the curve and no tie lines 
are determined. The method he used in determining tlie points on the 
curve was to add var3dng quantities of organic liquid and water from a 
buret to a titrated solution of the carbonate, until just a drop of water 
would dear up the milkiness caused by a drop of acetone. The data ob¬ 
tained by Linebarger have been recalculated and tabulated in parts per 
lOO g. of the solution. These are given in Table II, while in Fig. 3 the 
points on the curve indicated by ® are those obtained by Linebarger. 
His results were obtained at 20°. 


Tabim II. 
Temperature 20®. 


KjCOi. 

Acetone. 

Water. 

Total, 

Per cent. 
KtCOt. 

Per cent, 
acetone. 

Per cent, 
water. 

1 

4.8 

9.2 

15.0 

6.67 

32.0 

61.33 

I 

II.4 

16.1 

28.S 

3.51 

40.0 

56.49 

I 

xS .8 

22.1 

41.9 

2.38 

44.87 

53-75 

I 

30.8 

31 .1 

62.9 

1.59 

48.97 

49.45 

1 

43 0 

38.5 

82.5 

1.21 

53.11 

46.68 

X 

5.4 

10.2 

16.6 

6.02 

32.5 

61.50 

I 

14.4 

18.8 

34-2 

2.92 

43.10 

54.98 

I 

28.2 

28.7 

57.9 

1.72 

48.70 

49.58 

1 

50.0 

38.7 

89.8 

I.II 

55.67 

43.23 

X 

89.7 

49.9 

141.6 

0.7 

64.0 

3 S.ao 

^ Z. thysih , Chm ., 

$8,123. 
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These points fit in fairly well with the binodal curve, but when one 
considers the fact that the maximun amount of the carbonate used by 
Linebarger was 6.67 g. in 100 g. of the solution, and that a saturated solu¬ 
tion contains over 53% of carbonate, the results cannot be considered 
very satisfactory, especially if one takes into consideration the dehydra¬ 
ting effect of potassium carbonate on acetone. 

Bell determined points on the binodal curve over a much wider range, 
his concentrations of the carbonate varying from 2.34 g. in 100 g. of solu¬ 
tion to 30.58 g. in 100, while the percentage of acetone decreased from 
42.56 to 1.27. His particular object was not so much the determination 
of the points on the curve as to prove that the exponential expression of 
Bancroft,* A'“y/2“+‘’ = K would describe the equilibrium in the system, 
acetone, potassium carbonate and water. By simplification the above 
equation becomes Z*/y — K. Z denotes the grams of water, and y the 
grams of acetone per gram of salt. Bell tried to apply this equation to 
Linebarger’s data, as well as to his own, and found that it could be applied 
neither to this system not to any system containing two consolute liquids 
and an electrol3rte. Bell*s data are obtained at 25® and are given in Table 
III and plotted in Fig. 3. The points are indicated by A". It is noticed 


Tablb III. 

Bell’s data. Recalculated in parts per 100 g. 


Grams IGCOi. 

Grams HsO. 

Grams (CH 3 )iCO 

KtCOj. 

H 2 O 

(CH8)2C0. 

1.456 

34.41 

26.36 

2.34 

55.30 

42.36 

1.924 

35.67 

23.64 

3.14 

58.26 

38.61 

2.257 

35.57 

21.49 

3.80 

62.4 

33.8 

2.251 

36.10 

19.494 

3.89 

62.41 

33.70 

2.746 

37.92 

20,645 

4 48 

61.83 

33.69 

2.694 

39.94 

19.153 

4 36 

64.64 

31.0 

3.016 

37.87 

19.510 

4.99 

63.43 

31-57 

3.380 

39.25 

19.001 

5.48 

63.68 

30.83 

3.984 

40.13 

17.303 

6.5 

65.45 

28.05 

4.571 

42.89 

17.426 

7.04 

66.10 

26.86 

4.981 

42.81 

16.173 

7.79 

66.93 

25.28 

6.022 

45.17 

14.602 

9.2 

68.5 

22.2 

7.349 

45.0 

11.078 

11.58 

70.95 

17.47 

^.093 

49. 9 X 

12.339 

II.51 

70.95 

17.54 

9.06 

50.05 

10.246 

13.06 

72.17 

14.77 

9.765 

50.17 

8.940 

14.17 

72.84 

12.98 

11.076 

49.99 

6.802 

16.32 

73.66 

10.02 

12.396 

50.87 

5.572 

18.oi 

73.9 

8.09 

14.509 

50.4 

3.656 

21.16 

73.51 

5‘33 

15.744 

31.03 

2.966 

22.57 

73.17 

4.26 

7.8a 

50.53 

2.143 

25.28 

71.68 

3.04 

19.67 

50.48 

1.563 

27.43 

70.4 

2.17 

22.602 

30.38 

0.940 

30.58 

68.17 

1.27 


* /. Phys, Chem,, i 34, 760. 
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that Lfinebarger’s and Bell’s data combined give a fair idea of the general 
character of this curve. Though Bell’s data were obtained at 25 ^ they 
are compared with data obtained at 20°, because the temperature effect 
between these two points is not very marked. The method BeU employed 
in determining his points is very aitniUr to the one used in this work. 
He controlled the temperature effect by the use of an Ostwald thermostat. 
He did not use any indicator in detecting the presence of the two liquid 
phases. With extreme concentrations he found chfficulty in determining the 
end points. With extreme concentrations of carbonate in the water, where 
only traces of acetone were present, little trouble was found in distinguish¬ 
ing the vanishing point of the two layers, because the little globules of 
the second liquid phase took up enough of the indicator phenolphthalein 
to color them a dark violet. These globules formed on the surface, and, 
owing to surface tension, collected around the thermometer stem and the 
side of the flask, and when the contents of the flask were shaken, the 
globules were quickly .set in motion and their presence readily detected. 
With concentrations exceeding 60% acetone and less than 0.5% potas¬ 
sium carbonate, the cloudiness was difiicult to perceive, but by holding 

the flask to the sunlight 
the cloudiness was de¬ 
tected by transmitted 
light. 

In the system potas¬ 
sium carbonate, water, 
acetone, the points on 
the binodal curve given 
in Table IV were deter¬ 
mined— two quadruple 
points, several tie lines, 
and, indirectly, the plait 
point. These ate plotted 
on the triangular dia¬ 
gram of Pig. 2. Potas¬ 
sium carbonate was 
found to be practically 
insoluble in acetmie, and 
was also found to be practically insoluble in solutions of 95-100% acetcme. 
The determinations of the solubilities up to 92% are best obtained from 
the binodal curve. 

In determining the tie lines, analyses of five sets of conjugate solutions 
gave the following results: 



Fig. 2.—Equilibrium in the system: water, acetone and 
potassium carbonate. 
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Grams of 

KtCOt 

Total KisCOt in 



Bolution. 

found. 

100 K. 

I. 

f upper layer. 

- 15.61 

0. nil 

0.7117 

\ Lower layer. 

- 24.268 

5.9271 

24.40 

II. 

j Upper layer. 

.... 15.85 

0.0062 

0.039 

( Lower layer. 

— 24-627 

8.0373 

32.63 

III. 

( Upper layer. 

- 73-29 

0.9967 



( Lower layer. 

57-43 

13 -*613 

22 .Q1 

IV. 

j Upper layer. 

11.169 

0.511 

* 4.57 


( Lower layer. 

• . * 4-939 

2.534 

16.92 

V. 

j Upper layer. 

... 11 645 

0.812 

6.97 


\ Lower layer. 

. . 12.315 

1 819 

14.77 


A glance at Fig. 2 will show the position of the last tie line, relative 
to the curve, and the difficulty in obtaining the plait point. When the 
Upper and lower layers have approximately the same composition and 
specific gravity, t&e two layers separate with difficulty. The plait point 
is then determined approximately. The plait point in the system potas¬ 
sium fluoride, acetone and water lies in a relatively different portion 
on the curve and is more easily obtained. The calcium chloride, ace¬ 
tone, and water, tie lines are as difficult to obtain as the potassium car¬ 
bonate. In determining the two quadruple points the method described 
in the potassium fluoride system was again used. The saturated solu¬ 
tion of potassium carbonate was kept in contact with acetone and the 
hydrate of potassium carbonate for over a week. At the end of that 
period the solution was distilled, and the specific gravity of the distilled 
acetone was found to be 0.8037 20^/4°. Reference to the tables in 

use give an acetone content of 96.4%. 29.09 g. of the original solution 


of the upper layer gave 
a carbonate content of 
only 0.0007 g., or 0.0024 
g. in 100 g. of solution. 
No attention is given to 
this result, as it practic¬ 
ally coincides with the 
point of xoo% acetone 
on the triangle. 

Pour hundred grams 
of the lower layer, which 
had a distinct acetone 
odor, were used to deter¬ 
mine the amount of ace¬ 
tone in the lower layer, 
but, despite this large 
amount, it was not, ap- 
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parently, possible to obtain enough acetone to determine the amount in 
the solution. The specific gravity of the weighed distillate frpm 400 g. 
of the solution was 0.9994, although acetone was present. In the refer¬ 
ence tables, 0,9994 gives zero, or negligible quantities of acetone. In this 
solution, evaporation of 29,503 g. gave 15.4567 g. of KjCOa, which is 
equivalent to 52.38 g. of K2 COb in 100 g. of the solution. This shows 
that at the quadruple point, the lower layer is nearly a saturated solution 
of potassium carbonate. Frankforter and Frary found the solubility of 
potassium carbonate to be 53.05 or 53.07 g. in 100 g. of the solution. 

The second quadruple point was obtained in a manner similar to the 
second quadruple point of the fluoride system. The acetone which had 
been obtained from the distillation of the upper solution was added to 
anhydrous carbonate, and a little water was added to insure the formation 
of 2K2CO3.3H2O. More of the anhydrous salt was added until the four 
phases Averc formed, the two solid phases, hydrate and anhydrous salt, 
one liquid and one vapor phase. The contents of the flask were fre¬ 
quently shaken and were then decanted off and distilled to dryness. 
The specific gravity of the distillate at 20® was then determined. The 
acetone content was foimd to be only 98.3%. This acetone was again 
kept in contact with more of the anhydrous salt, and the hydrate and the 
solution were frequently stirred. At tlie end of the second week the dis¬ 
tillation process was repeated and the acetone was found to be practically 
pure. The specific gravity found was 0.7933. This gives 99.8% ace¬ 
tone, thus anhydrous carbonate practically dries the acetone, but the 
time required for equilibrium to be reached is about twice that required 
with potassium fluoride. For this reason the fluoride is more satisfac¬ 
tory. 

In determining some temperature effects in this system, it was found 
the temperatures between 5° and 40° had no effect on a solution which 
contained 2.7 g. potassium carbonate, 29.701 g. water and 12.95 
acetone. This solution was just homogeneous at 5®. It was then grad¬ 
ually warmed up to 40® and no effect and no cloudiness was noted. 

Calcium Chloride, Water and Acetone ,—^Although calcium chloride is 
generally used in dehydrating acetone, the system that it forms with 
acetone and water has not been investigated. Snell^ and Linebarger^ 
merely note the fact that calcium chloride, as well as certain other chlor¬ 
ides, will produce two layers. The limits of the layers, binodal curves, 
etc., are not given. Calcium chloride is not very soluble in acetone. 
McElroy and Krug^ classify calcium chloride among the salts that ate 
very sparingly soluble. It was found that the average results of a series 
of determinations at 20® gave 0.02 g. of calcium chloride in 100 g. of 
^ Loc, cit. 
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Table IV. 

System Potassium Carbonate, Water and Acetone. 

Solvent added. Total wt. of subst. present. Per cent, in 100 g. solution. 


Water. 

Acetooe. 

KtCOi, 

H* 0 . 

(CHi)iCO. 

KtCOi. 

HiO. 

Acetone. 

55 107 

5.971 

14.189 

55 .107 

5 971 

18.84 

73.22 

7.94 

20.984 

10.344 

14.189 

76.091 

16.315 

13.32 

71-38 

15.30 

8.29 

5.063 

14.189 

84.381 

21.378 

11.83 

70.34 

17.83 

12.307 

7.827 

14.189 

96.688 

29.205 

10.13 

69.03 

20.84 

19-355 

12.955 

14 189 

116.043 

42 16 

8,24 

67-31 

24 -45 

*3.606 

10.46 

14.189 

129.649 

52.62 

7.22 

65.99 

26.79 

2I.642 

16.884 

14.189 

151.291 

69.504 

6.04 

64-39 

29.57 

89*28 

2,65 

37.125 

89.280 

2 65 

28.87 

69.08 

2.05 

22.871 

3.714 

37.125 

112.151 

6.364 

23 94 

71.98 

4 08 

13.974 

3.576 

37.125 

126.124 

9-94 

21.52 

72.75 

5-73 

13.072 

3 967 

37.125 

139.196 

13.907 

19 6 

73.10 

7.3 

47.797 

20 627 

4 7235 

47.797 

20 627 

6.46 

65.34 

28 2 

3.905 

2 911^ 

4 7235 

51 702 

23.538 

5.91 

64.65 

29 44 

2.128 

2 11^ 

4 7235 

53 830 

25 652 

5.60 

63 -93 

30.47 

5.010 

4.487 

4.7235 

58.840 

30.139 

5.04 

62.80 

32.16 

5 624 

5.529 

4.7235 

64.464 

35.668 

4-50 

6i .48 

34.02 

9.890 

9 596 

4.7235 

74 354 

45.264 

3.80 

59.79 

36.41 

11.950 

12.619 

4.7235 

86.304 

57.883 

3.18 

57.95 

38 87 

XI 342 

12.563 

4 7235 

97.646 

70.446 

2 73 

56.50 

40.77 

10.32 

U.895 

4.7235 

107.966 

82.341 

2.43 

55.36 

42.21 

38 055 

2.56 

11.652 

38.055 

2.56 

22.29 

72.81 

4.90 

Q.646 

5 885 

11 652 

47.701 

5.885 

17.86 

73.12 

9.02 

5.745 

2.704 

11.652 

53 446 

8.589 

15.81 

72.53 

11.66 

4.757 

2.510 

11 652 

58 203 

II 099 

14.39 

71.89 

13.72 

20.484 

I 1.849 

11.652 

78.687 

22.948 

10.29 

69.46 

20.25 

27.379 

22 312 

0 969 

27.379 

22 312 

1.91 

54.05 

44.04 

1.671 

2.631 

0.969 

29.05 

24 943 

1.76 

52.86 

45.38 

2.082 

3.288 

0.969 

31.132 

28.231 

1.60 

51.60 

46.8 

5.945 

8.518 

0.969 

37.077 

36.749 

I 29 

49.57 

49.14 

5 810 

9 .ot )5 

0.969 

42.887 

45.754 

1.08 

47.86 

5106 

5.484 

8.412 

0.969 

48.371 

54.166 

0.94 

46.73 

52.33 

9.274 

16.13 

0.969 

57 645 

70 296 

0.75 

44.72 

54.53 

6.383 

12.541 

0.969 

64.001 

82.81 

0.66 

43.31 

56.03 

4.J7 

8.485 

0.969 

68.171 

91.295 

0.6 

42.49 

56.91 

6.92 

12.605 

0.969 

75 091 

103.9 

0 54 

41.73 

57.73 

3.288 

9.302 

0.969 

78.319 

113.202 

0.50 

40.69 

58.81 

5.753 

14.7 

0.969 

84.072 

127.902 

0.46 

40.48 

60.06 


acetone. The method used has already been described. The solubility 
of ^calcium cliloride in acetone ranging in concentration from 95-100% 
acetone gave negligible results at 20®. Not very satisfactory results were 
dbtained in determining the solubility of the calcium chloride in aqueous 
solutions containing 1-10% of acetone. Unless the calcium chloride is 
aHded in very small quantities and the solution quickly cooled, consider- 
heat is generated and the concentration of the acetone solution changes. 
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The solubility oi the anhydrous oaldum chloride in 91% water and 9% 
acetone was found to be 40.5 g. CaCli in 100 g. of the solution. This 
gives one point in the line D Q, Fig. 4. The point D represents the solu¬ 
bility of the salt in water, or 74.5 g. of calcium chloride in 100 g. of water, 
or 42.70 g. in 100 g. of the solution. The points on the binodal curve 

were determined in the 
same manner as those 
previously described, and 
are given in Table VI. 
Acetone was added to a 
solution which was satu¬ 
rated with calcium chlo¬ 
ride at 20®. The acetone 
dissolved in the solution 
and no salt was precipi¬ 
tated. With saturated 
potassium fluoride and 
carbonate solutions, very 
little acetone was re¬ 
quired to produce two 

lavers. but with the chlo- 
Fig 4 —Equaibrium in the system; calcium chloride, T: I , • 0/ 

water and acetone. 

of acetone was added be¬ 
fore a second layer appeared. The end points in this saturated solu¬ 
tion were not easy to obtain, being rather obscure on account of the 
syrupy nature of the liquid. Time was required to obtain satisfactory 
conditions of equilibrium and realization of a sharp separation. The 
points on the other end of the binodal curve are not difficult to obtain. 
Temperature effects are noticeable with this particular system. From 
19 to 20® there is no appreciable clouding, but when the solution is heated 
from 30 to 21 ®, immediate cloudiness is noted. 

Determination of Quadruple Points .—^Acetone was added to an almost 
saturated solution of the hexahydrate of calcium chloride in water. The 
bottle containing the mixture was placed in a thermostat, with a constant 
temperature of 20®. Every addition of the hydrate increased the amount 
of water present, making it necessary to add more acetone to produce 
equilibrium. Finally anhydrous calcium chloride was added and the tem¬ 
perature of the system was allowed to reach 28 ®. All the calcium chloride 
went into solution. The flask was again placed in the thermostat, and 
the contents of the flask were thoroughly agitated and mixed for a day 
by means of a rotating fan. The contents of the flask were allowed to 
settle, when the following layers appeared: An upper layer containing 
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acetone and a little water and traces of calcium chloride, then crystals of 
tbe liydrate of calcium chloride, a lower layer of a saturated solution of 
calcium chloride, water and acetone. The lower layer was siphoned ofiF 
and its acetone and calcium chloride content determined in exactly, the 
same mai^ner as the one previously described. 341.5 g. of the solution, 
when distilled, gave a mixture of 126.905 g. of acetone and water. The 
specific gravity found at 20^/4® was 0.8936, at 20V20® 0.8969. On the 
tables this corresponds to 61% acetone, or tliere was 77.41 g. acetone 
in 126.905 g. of the mixture as well as in the 341.5 g. originally taken. 
This gives 22.66% of acetone. 33.88 g. of the solution, dehydrated, 
gave 12.927 g,, or 38.16% CaCh. The crystals were filtered off and 
dried by suction. They were pressed between several thicknesses of filter 
paper and rapidly transferred to a weighed bottle. 6.303 g. of the crystals, 
when heated above 300*^, gave a residue weighing 3.18 g. This shows 
that the crystals were CaCl2.6H20. 

Analyses of the upper layer gave no weighable amoimt of calcium 
chloride. The acetone content was determined in the usual manner, 
and was found to be 98.4%. A saturated solution of calcium chloride 
will not remove all the water from acetone. It is wasteful, as it retains 
over 20% of the acetone. 

The second quadruple point was determined by using the 98% acetone, 
obtained by distillation of the upper solution of the first quadruple point, 
and adding to it anliydrous calcium chloride; and although an apprecia¬ 
ble amount of acetone was present, no liquid seemed to be present, and the 
contents of the flask appeared as a solid, white cr>^stalline mass. How¬ 
ever, when the contents of the flask were stirred with a glass rod, the liquid 
separated and settled on top. At first it was thought that a compound 
was formed similar to the compound formed by alcohol and calcium chlo¬ 
ride. In 1850, Hlasiwetz^ stated that powdered calcium chloride formed 
a compound with pure acetone, which was a dry mass at 100° and only 
traces of the acetone odor were given off. The formation of this com¬ 
pound is doubtful. After the contents of the flask were stirred repeatedly 
and kept at 20® for a week the supernatant liquid was decanted off and dis- 
tiUed. Its specific gravity at 20V4** was 0.7915, which corresponds to 
100% acetone. The amount of calcium chloride dissolved in the acetone 
soisition was practically nothing. Anhydrous calcium chloride will com- 
{rihtely dehydrate acetone. 

Numerous determinations of the tie lines were made in an attempt to 
lodlte the plait points accurately, but separation into distinct upper and 
\0mst layers were rather dfficult to obtain. 

The following results were obtained: 

^ JaJbf. Ber., 394; 7 . praJU. Chmn., 51, 335 * 
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Tabim V. 


I. 

( Lower layer. 

Amount of 
solution. 

Grams CaCli. 

2.010 

Grams of OCl^ 
in 100 g . of solution. 

16.61 

( Upper layer. 

. 9.67 

0.018 

0.186 

II. 

( Lower layer. 


3.090 

12.97 

( Upper layer. 


0.107 

0.628 

III. 

( Lower layer. 


1.228 

10.60 

( Upper layer. 

. II 600 

0. no 

0 948 

IV. 

j Lower layer. 

. 17-432 

1.961 

11.35 

( Upper layer. 

9 355 

0.092 

0.985 

V. 

j Lower layer. 

. 20.949 

1.960 

9-36 

( Upper layer. 

. . 19.080 

0.252 

1.321 


The calcium chloride content of some of the upper layers was determined 
by titration with a standard N/io silver nitrate solution. The results 
did not differ from those obtained by evaporation of. weighed quantities 
of the solution. 

Sodium Chloride, Water and Acetone .—^The systems previously men¬ 
tioned contain salts whose dehydrating value depends largely on the 
vapor tension of their hydrates. When two liquids are miscible in all 
proportions, the addition of a third component will cause the appearance 
of two liquid phases, and the third component does not necessarily form a 
hydrate. This is shown in the case of common salt. As sodium chloride 
is a very common laboratory agent, its efficiency in salting out acetone 
was determined. Some work has been done along this line. Tinebarger^ 
and Snell have shown that two liquids phases will appear when soditun 
chloride is added to an aqueous solution of acetone. Work of a quantita¬ 
tive nature was done by W. Herz and M. Knoch^ when they determined 
the solubility of salt in aqueous solutions of acetone. In their paper they 
note the solubility of the salt and the formation of layers. The work is 
of little value as their data are in an unavailable form, for example, the 
solubility of the salt is expressed in millimols for loo cc. of the solution 
which contains the salt, water and acetone. The solubility is plotted 
on a diagram and the rectangular coordinates are volumes of acetone 
and millimols of sodium chloride in loo cc. of the whole solution. No 
densities nor specific gravities are given. The solubility of sodium chlo¬ 
ride in water is given as 537.9 millimols in 100 cc. of the solution, idiidi 
corresponds to 31.44 g. in 100 cc. of the solution. The only data wMda 
corresponds to this are those given by Bodlander,® who gives 31.6 g. 
of sodium chloride in 100 g. of the salt solution, the specific gravity of the 
solution being 1.203. Herz and Knoch give the liruits of the layer fortna- 
tion, which would correspond to the quadruple points, as follows; water 

^ Loc. cU. 

» Z. anorg. Chem., 41 , 319 . 

* Z. physik. Chem*, 7 , si6. 
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Tabls VI. 


Solvent added 
at one time. 


Total amount of 
components present. 


No. of g. of each component 
in 100 g. of the solution. 


Water. 

Acetone. 

CaCU. 

Water. 

Acetone 

CaCh. 

Water. 

Acetone. 

26.3245 

17.289 

6.534 

26.3245 

17 289 

13.03 

52.49 

34.48 

8.3095 

17.94 

6-534 

34.634 

35 229 

8 5 

45.37 

46.15 

5.82 

20.183 

6 534 

40.454 

55.412 

6.38 

39.51 

5411 

3.808 

16.937 

6-534 

44.262 

72.349 

5 35 

35.95 

58.70 

6.28 

29.505 

6 534 

50.542 

101.854 

4.II 

31.8 

64.09 

3 98 

19.596 

6-534 

54.522 

121.45 

3.58 

29.88 

66.54 

1.933 

13.026 

6-534 

56.455 

134-476 

3 31 

28,59 

68.10 

3-824 

13 801 

6 534 

60 279 

148.277 

3 04 

27,03 

69 93 

2.61 

18.098 

6 - 5.34 

62.879 

166.375 

2.77 

26 67 

70.56 

41.94s 

25.595 

10.904 

41.945 

25.595 

13.90 

53.47 

32.63 

10.707 

18.603 

10 904 

52 652 

44.198 

10.12 

48.86 

41.02 

6.027 

14.933 

10.904 

58.679 

59.131 

8.47 

45.59 

45.94 

6.25s 

22.49 

10.904 

64.934 

81 621 

6.92 

41.24 

51.84 

2.72 

12.615 

10.904 

67.654 

94.236 

6.31 

39 15 

54-54 

6.898 

26.902 

10.904 

74 552 

121 138 

5.28 

36.09 

58.63 

2.015 

11.945 

10.904 

76.563 

133.083 

4-94 

34.72 

60.34 

19.553 

35.766 

2 525 

19 553 

35 766 

4.37 

33 8 

61.83 

10.116 

58.96 

2 525 

29 669 

94 726 

1.99 

23.38 

74 63 

4.137 

26 917 

2 525 

33 806 

121 643 

1.6 

21.4 

77 00 

3.362 

25.298 

2.525 

00 

146 941 

I 35 

19 92 

78 73 

45.72 

21 423 

15 531 

45 72 

21 423 

18 787 

55 301 

25.913 

19 372 

22 765 

15.531 

65 092 

44.188 

12 443 

52.153 

35 404 

6.932 

13 420 

15 531 

72 024 

57.608 

10.70 

49 61 

39 69 

5 274 

II 441 

15 531 

77.298 

69.049 

9.59 

A 7 75 

42.66 

3.755 

10 413 

15 531 

81.053 

79 462 

8 82 

46 04 

45 14 

7.709 

23 88 

15.531 

88 762 

103 342 

7 48 

42 .75 

49 77 

2.546 

9.612 

15 531 

91.308 

112 954 

7 07 

41-54 

51.39 

2.193 

8.985 

15 531 

93 501 

121.939 

6 72 

40 48 

52 8 

53.372 

22.230 

32 4593 

53 372 

22 230 

30 04 

49 39 

20.57 

44 551 

25.399 

32 459 

97 922 

47 629 

18.23 

55 01 

26.76 

15.278 

16.33 

32 459 

113 2007 

63.959 

15 49 

54.00 

30,51 

16.151 

20,506 

32.459 

129.352 

84 465 

13 18 

52 52 

34 3 

13.54 

24.925 

32.459 

142.892 

109.390 

II .40 

50 20 

38 40 

57.272 

22.372 

31.13 

57 272 

22 372 

00 

51.71 

20 20 

3.11 

2.216 

31-13 

60.383 

24 588 

26.81 

52.01 

21.18 

16.014 

5 166 

31.13 

76.397 

29 .754 

22 67 

55 66 

21 67 

19,84 

14 08 

31.13 

96 237 

43 834 

18.189 

56 21 

25 60 

41.367 

17.903 

26.901 

41.367 

17.903 

31.21 

48 00 

20.81 

24.512 

71.6n 

2.197 

24.512 

71.611 

2.23 

24.93 

72.84 

2.310 

19.74 

2.197 

26.822 

91 351 

I 82 

22.27 

75.89 

18.55 

97.606 

o.8i6 

18,55 

97.66 

0.68 

15 87 

83.44 

2.14 

19.48 

o.8i6 

20.69 

I17.086 

0 58 

14 93 

84.49 

3.389 

35.910 

0.816 

24 079 

152.996 

0.45 

13.55 

86.00 

8.2145 

48.23 

0 2735 

8.2145 

48.23 

0 48 

14 49 

85.13 

4.214 

40.096 

0.2735 

12.4285 

88.326 

0.27 

12.31 

87.42 

^ I.Q90 

33.45 

0.2735 

13.5185 

121.776 

0.20 

9 95 

89.8s 


43.06 

0.2735 

16.4385 

164.836 

0.15 

9.05 

90.81 
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68, acetone 32 and salt 18.03 in the lower layer, and water 13, aoetone 
87 and salt 0.45 in the upper layer. This means that in a solutioa aoade 
up of 68 volumes of water and 32 of acetone, salt is dissolved, and 100 oc. 
of the salt solution so made will contain 18.03 g. of salt. No attempt 
was made to check these results. 

The salt used was Kahlbaum’s “Zur Analyse mit Garantiesdidn.'’ 
Prankforter and Prary had used the same salt and determined its solu¬ 
bility, so no redetermination of this point was made. The solubility is 
35.7 g. in 100 g. of water, or 26.3+ g. in 100 g. of solution. This is given 
by point D in Pig. 5. The salt used was heated to redness until all de¬ 
crepitation ceased. It was then cooled in a desiccator and a weighed 
amount dissolved in yy 

as little water as pos- A 

sible at 20®. This 

gave the saturated salt / j ^ 

solution. Acetone was / / 

then added to the / j 

weighed water and salt / / \\ 

solution and the salt / j \ \ 

was immediately pre- / j \ \ 

cipitated, the acetone / j \ \ 

seeming to take the j \ \ 

place of the salt. The \ \ 

weight of the acetone / \ \ 

added was determined / \ 

by 

more water was added^. _ .... . . . .. .... 

... . . . .Pig. 5. —^Equilibrium m the system; sodium chloride, water 

until the salt layer just acetone. 

disappeared. The last 

traces of salt did not dissolve very readily. This process was oontintied 
until the appearance of two layers without salt predpitatitm. The 
points on the binodal curve were determined in the same manner as in 
the other systems, and are given in Table VIII. Toward the end, as the 
concentration of the acetone increased, the salt was again predpitated on 
addition of acetone, and water was again added until the salt dissolved. 
By continuation of this latter process, the solubility of the salt in aiaetoae 
in concentrations ranging from 86 to 91% of acetone was detendilied. 
These determinations are given in Table VII. The solubilities from 91 to 
too are interpolated. The solubility of NaCl at 100 is zero. 

In determining the quadruple point, salt was added to an aoetnne 
water mixture until there was a large excess of undissolved salt in tim 
bottom of the bottle. The bottle containing the complex was pjbosd in 
a shaking machine which was operated by an electric motm, bwI dCter 
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tom days of this thorough shaking the composition of the upper layers 
was determined in the usual manner. 23.543 g. and 23.65 g. of the upper 
layer gave o. no and o. 103 g. of salt, equal to 0.44 and 0.48 g. of salt 
100 g. of solution, and 22.530 g. of the lower solution gave 3.729 g. 
of salt or 16.55 8* iu the lower solution. The specific gravity de- 

tarmination used before to obtain the amount of acetone in the upper 
and lower layers was used in this case. 

The specific gravity of the solution obtained by complete distillation 
of the upper layer was 0.8338, which gives an acetone content of 85.8%. 
Salt dehydrates only to this percentage, showing that it would be of no 
value in removing water from acetone. 


Tablk VTI.' 

—SOLUBItlTY OP SaI,T IN ACSTONB AND WaTSR. 
Temperature 20® 

NaCl. 

Water. 

Acetone. 

25-9 

73.06 

1.04 

24.19 

71.18 

4-03 

25.06 

72.00 

2.94 

20.85 

66.78 

12.37 

20.17 

66.01 

13.82 

18.32 

63.16 

18.52 

20.44 

66.19 

i 3.37 

17.89 

62.21 

19 90 

0.19 

10.82 

88.99 

0.15 

9.62 

90.23 

0.12 

8.94 

90.94 

0 32 

13.92 

85.76 

TABtn vin.~ 

-Binodai. Curvb of Salt, Watbr and Acbtonb. 


Temperature 20 . 

Per cent, components present 

Solvent added. Total amount of components present. in 100 g. oi soln. 


Water. 

Acetone. 

Salt, 

Water. 

Acetone 

Salt. 

Water. 

Acetone 

3.921 

6.606 

12.5163 

47.085 

19.259 

15.87 

59.71 

24.42 

13.5X» 

17.608 

12.5163 

60.596 

36.867 

11.38 

55.09 

33-53 

3.567 

7 .366 

12.5163 

64.163 

44.233 

10.35 

53.06 

36.59 

3.166 

8.134 

12.5163 

67.329 

52.367 

9.47 

50.92 

39-61 

2 424 

6.567 

12.5163 

69.753 

58.934 

8.87 

49.39 

41-74 

3.025 

6.336 

12.5163 

72.778 

65.270 

8.31 

48.33 

43.36 

3.905 

11 80 

12.5163 

76.683 

77.07 

7.53 

46.12 

46.35 

3.162 

12.25 

12.5163 

79.845 

89.3a 

6.89 

43.95 

49.16 

1.884 

10.434 

12.5163 

81.729 

99.774 

6.45 

42.12 

51-43 

3.882 

15.40 

12.5163 

85.611 

114.984 

5.87 

40.19 

53.94 

8.94 

34-928 

1.3838 

94.551 

149.91a 

4.87 

36.79 

58.34 

16.3322 

42.188 

1.3838 

16.3222 

42.188 

2.31 

27.27 

70.42 

4*79 

23.723 

I.3838 

21.1222 

65.901 

157 

23.89 

74-34 

a.893 

16.897 

1.3838 

24.0152 

82.808 

L,27 

22.19 

76.34 

3.99 

36.566 

1.3838 

28.0052 

I19.374 

0.93 

18.83 

80.24 

3.144 

25.340 

1.3838 

31.149a 

144.7x4 

0.79 

17.58 

81.63 

7.39a 

40.153 

0.2840 

7.39a 

40.153 

0.59 

15.46 

83.93 

4-97 

76.208 

0.38^ 

X3.362 

76.208 

0.32 

13.9a 

85.76 
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259.79 S« lower sduticm, which was distilled until the tenq 9 |||if 

ture remained at 100^ over five minutes, gave 83.645 g. of a di8til|ii)| 
which had a specific gravity of 0.8810. This corresponds, on the 
Elroy and Krug tables, to 67.9% acetone; or, m 83.645 g. there^^ 
56.80 g. of acetone, which is equivalent to 21.86%. Then the 
layer contained 85,8% acetone and 0.45% of sodium chloride, whil|Mlli0 
lower layer contained 21.86% acetone and 16.55% salt These pQ|its 
check with the points which were obtained in tlie determination qffTthR 
binodal cinve. The points on the binodal curve are given in Table 
Tie lines were determined in an effort to locate the plait point. Th^ Sftllh 
bilities of salt in the different concentrations of acetone, the binodal 
the quadruple point and the tie lines are all indicated in Fig. 5. 

In determining points on the line D Q, some were obtained by the 
method used for determination of the binodal curve, but a few were di¬ 
rectly determined. To a solution containing 98.6 parts water and 1.4 
acetone by weight, salt was added and the flasks were vrell shaken. The 
temperature was kept at 20°. It was found that 15.9 g. salt were present 
in 100 g. of the salt solution. In a similar manner the solubilities of salt 
in a 96.10 and a 93.9% water acetone solution were determined. 24.19 
g. of salt were present in 100 g. of a 93.9% water acetone solution and 
25.06 g. of salt were present in a 96.10% solution. These points are given 
in Table VII, which gives the solubility of salts without appearance of 
layers. 

Temperature Effects .—^Acetone and water are two liquids miscible 
in all proportions. Lowering or raising the temperature will not cause 
the formation of two layers unless a third substance, such as calcium 
chloride, potassium fluoride or sodium chloride is added. In the dis¬ 
cussion of the binodal curve in the calcium chloride system, attoition 
was called to the fact that when a homogeneous mixtiue of calcium chlcw- 
ide, water and acetone at 20® (the temperature chosen for this isothMEn) 
was slightly warmed, two liquid phases formed immediately. With solu¬ 
tions containing a high sodium chloride or potassium fluoride content, 
the same phenomenon was noticed. In more dilute solutions the ^ect 
was not apparent. Tables IX, X and XI give the results obtained jwhen 
just homogeneous solutions of these salts and aqueous acetone were 
warmed from temperatiues ranging from 5 to 40®. Temperatures above 
40® were not used because acetone is very volatile, and in working; at 
temperatures above 30® there was a loss in acetone. Pressure %Bks 
were not used. It was thought that an increase in the pressure n|i|^ 
have some effect on the results. The pressure used in all the experiiiiimte 
was that of the atmosphere. 

The method used has been described. A definite amount of $alt",VM 
weighed in the Erlenmeyer flask that contained the thermometer ai^#w 
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same process was used as in the determination of the binodal curve. The 
temperature of the first determination was kept as near 5 ° as possible, and 
water was then added until the two layers just disappeared. The addi- 

Table IX.—Binodal Curve Points at Varying Ticmpertai;i:s in the System 
Potassium Fluoride, Water and Acetone 


Temper¬ 

ature. 

Potassium 

fluoride. 

Water. 

Acetone. 

Total. 

Water 

added. 

Per cent, 
potassium 
fluoride. 

Per 
i cent, 
water. 

Per 

cent. 

acetone. 

10® 

6.548 

41.773 

11.426 

59.747 

41-773 

10 96 

69.91 

19.13 

15" 

6,548 

42.153 

11.426 

60 127 

0 380 

10.89 

70.10 

19.01 

20® 

6.548 

42.663 

11.426 

60.637 

0.510 

10.80 

70.36 

18.84 


6.548 

43.283 

11.426 

61.257 

0 620 

10.68 

70.65 

18.67 

30® 

6.548 

44 72 

11.426 

62.694 

1 437 

10.44 

71-34 

18.22 

35 ** 

6.548 

44.87 

II 426 

62.844 

0.150 

10.41 

71.44 

18.18 

10® 

8.045 

69.784 

32.481 

no.310 

69.784 

7.29 

63.27 

29.44 

15" 

8 045 

69 ■ 784 

32.481 

110.310 

0.000 

7.29 

63 27 

29.44 

20® 

8.045 

70.069 

32.481 

no 595 

0 285 

7.27 

63.36 

29.37 

25" 

8.045 

71.274 

32 481 

III.800 

I . 2(^5 

7 19 

63.76 

29.05 

30® 

8.045 

72.824 

32.481 

113 350 

1 550 

7 10 

64.24 

28.66 

35 

8.045 

73 884 

32.481 

I14 410 

T OO 

7 04 

64.57 

28.39 

8® 

15 915 

81 620 

15 41 

112 945 

81 ()20 

14 09 

72.27 

13.64 

15“ 

15 915 

83. (X) 

15.41 

114.325 

1 38 

13 92 

72 60 

13.48 

20® 

15-915 

84.69 

15 41 

116 015 

I .69 

13.73 

72 99 

13.28 

25** 

15-915 

86.06 

15 41 

117.385 

1.37 

13 56 

73.31 

13.13 

30® 

15.915 

87-54 

15.41 

118.865 

I .48 

13 39 

73 65 

12 .96 

35 ** 

15.915 

88.58 

15.41 

119.905 

I 04 

13.28 

73.87 

12.85 

0® 

15-915 

90.04 

24 34 

130.295 

90 04 

12.22 

69.11 

18.67 

10® 

15.915 

92 .02 

24.34 

132.275 

1.980 

12 04 

69.56 

18.40 

15" 

15.915 

93.84 

24.34 

134.095 

1.82 

n .87 

69.98 

18.15 

20® 

15.915 

96.24 

24.34 

136.495 

2 ,40 

II 65 

70.51 

17.84 

25** 

15.915 

98,04 

24.34 

138.295 

I .80 

11.51 

70.89 

17.60 

Table 

X.— Temperature Eppect : 

IN THE System Sodium Chloride, Water and 

Temper¬ 

ature. 

Sodium 

chloride. 

Water. 

Acetone. 

Acetone Total. 

Per cent. 
Water sodium 

added chloride. 

Per 

cent. 

water. > 

Per 

cent. 

icetone. 

13® 

14.44 

51.96 

25.88 

92.28 

51.96 

15.64 

56.30 

28.06 

15® 

14.44 

52.875 

25.88 

93.195 

0 195 

15 50 

56.74 

27.76 

20®^ 

14.44 

55 760 

25.88 

96.0R0 

2.R85 

15.03 

58 04 

26.93 

25® 

14.44 

56,50 

25.88 

96.82 

0.74 

14.91 

58.36 

26.73 

30® 

14.44 

57.66 

25.88 

97.98 

1.16 

14.74 

58.85 

26.41 

35® 

14.44 

58.74 

25 88 

99.06 

I .08 

14.58 

59-30 

26.12 

40® 

14.44 

60.45 

25.88 

100.77 

1.71 

14 33 

59.98 

25.69 

10® 

14.44 

61.15 

43.38 

118.97 

61.15 

12.14 

51.40 

36.45 

15® 

14.44 

62.25 

43.38 

120.07 

I . 10 

12 .03 

51.84 

36,13 

V 20® 

14.44 

64.45 

43.38 

122.27 

2.20 

II .81 

52.71 

35.48 

25® 

14.44 

66.15 

43.38 

123.97 

1.70 

II 65 

53.36 

34.99 


1 Note.—^T he reading at 20® is too high and at 25® too low, too much water was 
added at 20®. 3.62 g. of water were added to give homogeneity in the solution in rais- 
kig the temperature of the solution from 15° to 25®. The temperature effect is most 
noticeable around 20®. 
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tional water was weighed. The contents of the fl£Lsk were allowed to 
warm to lo®, cloudiness appeared, water was added until the cloudiness' 
just disappeared, and the increase in water was determined by weighing. 
The solution was then warmed to the different temperatures, water being 
added until homogeneity was obtained at the temperatures given. Varia¬ 
tions are noted in the tables. 

TABI.E XI.—Tsmpsraturb Erects m the System Calcium Chloride, Water 

AND Acetone. 


Tempera¬ 

ture. 

Calcium 

chloride. 

Water. 

Acetone. 

Total. 

Water 

added. 

Per cent, 
calcium 
chloride. 

Per cent, 
water. 

Per cent, 
acetone. 

10® 

15.430 

34 969 

. 14.86 

65.255 

34.965 

23.64 

53.59 

22.77 

20® 

15.430 

36 . 50 s 

14.86 

66.795 

1.540 

23.10 

54 . 6 s 

22.25 

25* 

15.430 

39 045 

14.86 

69.335 

2.540 

22.25 

56.31 

21.44 

30® 

15.430 

40.505 

14.86 

70.795 

1.460 

21.79 

57.22 

20.99 

35 

15.430 

43.485 

14.86 

73.775 

2.980 

20.91 

58.95 

20.14 

40® 

15.430 

44.675 

14.86 

74.965 

1.190 

20.58 

59.59 

19.83 

5“ 

15.430 

53.063 

30.89 

99.385 

53.065 

15.52 

53.39 

31 09 

15“ 

15.430 

53.065 

30.89 

99.383 

0.000 

15.52 

53.39 

31.09 

20®^ 

15.430 

54 695 

30.89 

101.015 

1.630 

15.27 

54.15 

30.58 

25* 

15.430 

57 . 24 s 

30.89 

103.565 

2.550 

14.89 

55.28 

29.83 

30® 

15.430 

59.2*5 

30.89 

105.545 

1.98 

14.62 

56.11 

29.27 

35® 

15.430 

61.71s 

30.89 

108.035 

2.49 

14.29 

57.12 

28.59 

40® 

15.430 

64.395 

30.89 

110.713 

2.68 

13.93 

58.17 

27.90 


The preceding method was used in trying to determine the critical 
solution temperature of the various solutions of the salts in water and ace¬ 
tone mixtures. The temperature at which any two conjugate solutions 
become homogeneous is called the critical solution temperature. A com¬ 
plete discussion of the critical solution temperature is given by Timmer¬ 
mans.* 

W. Dolgolenko* states that the lower critical solution temperature 
of two solutions is due to the presence of an impurity, as a lower critical 
solution temperature is characteristic of ternary mixtures. V. Rot- 
mund^ states that the clouding is not dependent upon the third substance 
but is an optical property. Exception must be taken to this statement, 
as if seems very evident in the foregoing experiments that the clouding 
is dependent on the amount of the third substance present. 

J. Snell,® in working with salts and mixtures of acetone and water, 
found that all of the solutions with which he worked (with the exception 
of those which contained the salts, sodium sulfate, sodium carbonate, 
disodium phosphate and sodium ammonium phosphate) clouded when they 
were warmed. Linebarger® stated that the lower the temperature the 

1 Note.—^T he change occurred at i 8 ®. 

* Z, physik, Chem.t 58, 129-213; Z, Elecirochem., xa, 644. 

’ Z. physik. Chm,, 6a, 499. 

♦iWd., 6a> S4* 

* Loc. mt. 
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more water is needed to bring about the disappearance of the layers. A 
fall of a few degrees will bring characteristic cloudiness in a solution of 
potassium carbonate in a mixture of alcohol and water. Traube and Neu- 
berg* show that temperature will aifect the composition of the two layers 
when the two solutions are heated, the lower layer increasing in volume 
and the upper layer decreasing. Saturated solutions of calcium chloride, 
sodium chloride, and potassium fluoride, were made and acetone added 
until the concentration of the solutions was that obtained at the quad¬ 
ruple point. Upon increasing the temperature all the lower layers clouded, 
showing that the room temperature was the lower critical temperature 
of these solutions. When the upper solutions were heated, neither the 
calcium chloride nor the potassium fluoride was affected. This would be 
expected, as practically no salt is in the solution in either of these two 
upper layers. The upper layer of the sodium chloride solution clouded 
when it was warmed. This was not expected, as it would indicate that 
the plait point was not independent of the temperature and all the iso¬ 
therms would not cross at this point. 

The concentrations of all the solutions were changed and the effect of 
warming and cooling the different layers was noted. On cooling no 
effect was noticed, but when any of the solutions were warmed they 
clouded, and when cooled to the original temperature they cleared. A 
more thorough investigation of this phenomenon is to be made. 

Determination of Acetone ,—If salts are added to homogeneous mixtures 
of some organic liquids and water, the solutions become turbid, some¬ 
times at room temperature and sometimes at higher or lower tempera¬ 
tures. Frankforter and Frary used this principle in determining the 
amount of ethyl alcohol in an aqueous solution. Quantitative results 
were obtained. They added to a liquid of unknown alcoholic contents 
enough of the salt to cause the solution to separate into two layers and 
then, by cautious addition of water, made the solutions just homogeneous. 
The salt giving the most satisfactory results was potassium fluoride. 
Snell uses a similar plan with solutions containing acetone in water. The 
salt used in his case was potassium chloride. Instead of adding more 
salt or water to obtain homogeneity he increases or decreases the tempera¬ 
ture until the solution just gives two layers. The temperatures and the 
aqueous acetone solutions are plotted as coordinates, and a curve is drawn 
tluough the points obtained experimentally. This method can be used 
only with mixtures containing 20-85% of acetone and would not be ac¬ 
curate for mixtures containing 50 or 60% acetone because of the flatness of 
the curve. The results are not satisfactory if a third substance is pres¬ 
ent. The temperatures range from 32 to 46®. Potassium chloride is 

^ Z. physik. Chm,, z, 510. 
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not a very satisfactory agent fox the salting out of acetone. The value 
of potassium fluoride in this respect has already been shown. 

New Method for Determination of Acetone .—In the determination of 
the binodal curve, there is only one concentration for any given quantity 
of potassium fluoride in lOo g. of the just homogeneous mixture. Since 
the acetone, water and salt solution conducts^ itself in the same manner 
as the alcohol, water and salt solution, the percentage of acetone in any 
aqueous solution can be determined in exactly the same manner as Prank- 
forter and Prary determined alcohol. In Table I it will be necessary to 
recalculate all values given so that the sum of the acetone and water will 
always be represented by lOO g. of the solvent. The amounts of potas¬ 
sium fluoride will be changed. By plotting the aqueous acetone solution 
and the potassium fluoride as rectangular coordinates, a curve is obtained. 
When a solution contains an unknown quantity of acetone, a definite 
amount of the liquid is weighed out, and the salt is added until two liquid 
phases just appear, then additional water is added until the two layers 
just disappear, and the additional water is weighed. The total volume 
of the solvent and the amount of the potassium fluoride used are known. 
These are calculated in the form, x g. of potassium fluoride to loo g. of 
solvent. There is only one point on the curve which corresponds to * 
grams of potassium fluoride. Prom this point the otlier codrdinate or 
the percentage of aqueous acetone can be directly determined. When 
this is higher than 6o, it is advisable to dilute the solution, as this method 
gives more accurate results for solutions containing between i and 6o% 
of acetone. While the carbonate of potassium and the chloride of sodium 
and caldutn could be used, they would not be as satisfactory. The end 
points with potassium carbonate are not sharp. Calcium and sodium 
chloride do not give results with solutions containing less than 21% 
of the acetone. 

While this is a neat and rapid method for the determination of acetone 
in pure aqueous solutions, its value would be far greater if it could be 
used in the presence of a third substance, such as methyl or ethyl alcohol 
or the higher ketones. None of the higher ketones were available, so the 
eflidency of the method in the presence of these could not be tried. The 
method is not eflBident in the presence of ethyl alcohol, because ethyl 
alcohol is salted out by potassium fluoride. With methyl alcohol, abso¬ 
lutely satisfactory results were not obtained. When a solution of methyl 
alcohol containing sma||i quantities of acetone was tested by this method, 
no results were obtained. So the presence of small amounts of acetone 
in methyl alcohol cannot be determined quantitatively. More satisfac- 
tSiy results were obtained in testing the effects of small quantities of 
methyl alcohol in the presence of large quantities of acetone, as indicated 
in Tables XII and XIII. 
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A definite mixture of methyl alcohol and acetone was made up by 
weight. The method for the determination of the binodal curve was 
used, only the mixture of acetone and methyl alcohol was used in place 
of the pure acetone. Fairly good results are obtained in this determina¬ 
tion. Acetone can be determined in the presence of methyl alcohol, 
provided tlie acetone is in excess and not the methyl alcohol. 

Table XII. —Potassium Fluoride, Methyl Alcohol, Acetone and Water. 

Temperature 20®. 


Per cent, 
mixture, 


KF. 

Water. 

Mixture. 

Alcohol 

acetone 

Alcohol. 

Acetone. 

Per 

cent. 

KF. 

Per 

cent, 

water 

Per 

cent. 

alcohol. 

Per water 
cent. and 

acetone, alcohol. 

16.949 

34 46 

0.636 

0 0727 

0.5633 

32.58 

66.20 

0.14 

I .08 

66.34 

16.949 

62 . 030 

0.4977 

0 5691 

4.408 

20.19 

73.88 

0 68 

5.25 

74.56 

16 949 

83-571 

14-825 

1.694 

13.130 

14.69 

72.45 

1.46 

II .40 

73.91 

16.949 

102.809 

28.486 

3 256 

25.230 

11.43 

69.35 

2.19 

17 .02 

71.54 

16.949 

II7.712 

43 455 

4.966 

38 489 

9.52 

66.09 

2.79 

21.60 

68.88 

16.949 

137-936 

68.43 

7 82 

60.609 

7 59 

61.77 

3 50 

27.14 

65.27 

19.2975 

86.797 

13 514 



16 13 

72.57 

I 40 

9.90 

73.97 

19 2975 

>19-047 

34.075 



11.19 

69.0s 

2.45 

17.31 

71.50 

19.2975 

141-237 

63.423 



8.62 

63.07 

3.51 

24.80 

66.58 

19.2975 

>55-695 

83.221 



7.47 

60.30 

4 00 

28.73 

64.30 


By referring to Fig. i, the weights of water and acetone correspond¬ 
ing to the above quantities of potassium fluoride are found, and are tlie 


following: 

Table XIII. 



KF. 

Acetone 

Water. 

(Last column. Table XII.) 

32.58 

1.42 

66.0 

66.34 

20.19 

5.81 

74.00 

74-56 

14.69 

II.81 

73.5 

73-91 

11.43 

17.57 

71.0 

71-54 

9.52 

22.48 

68.0 

68.88 

7.59 

28.41 

64.0 

65.27 

16.13 

9-87 

74.0 

73-97 

11.19 

17.81 

71.0 

71-5 

8.62 

25-38 

66.0 

66.58 

7.47 

28.53 

64.0 

64.30 


If the weights in the last column of Table XII are compared with the 
weights given in the third column of Table XIII, it will be seen that the 
methyl alcohol does not interfere to any marked extent in the determina¬ 
tion of acetone by this method. This holds true if the amount of methyl 
alcohol is not too high. In the first six determinations a solution contain¬ 
ing 92.87 g. of acetone and 11.99 methyl alcohol was used, and in 
the last fotir determinations 139.895 g. of acetone and 19.775 ?• of methyl 
alcohol. 
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In the study, of the four systems, it has been shown that potassium 
fluoride and potassium carbonate in the anhydrous form are equally 
efficient in dehydrating acetone. Potassium fluoride is the more rapid 
agent of the two, and gives cleaner cut separations. If a large excess 
of anhydrous calcium chloride is used, the acetone is completely dehy¬ 
drated. Sodium chloride dehydrates to 85.8% of acetone. 

The saturated solution of potassium fluoride will dehydrate to 98%, 
while the satiurated potassium carbonate dehydrates only to 96.5% of 
acetone. 98.4% acetone can be obtained with a saturated calcium 
chloride solution. 

Neither the fluoride nor the carbonate solutions entail much loss of 
acetone, practically no acetone being soluble in these saturated solu¬ 
tions, while calcium chloride retains 23% of acetone in the aqueous solu¬ 
tion of the chloride. Sodium chloride is the least satisfactory of the 
four, as it retains over 21% of acetone, and in addition dehydrates only 
to 85.8%. The viscid nature of the calcium chloride solution is objec¬ 
tionable. The fluoride gives the cleanest and most rapid separation and 
seems to be the most satisfactory salting out or dehydrating agent for 
acetone. 

This investigation covers the following lines: 

1. The isotherms at 20® for the systems water, acetone, and potassium 
fluoride, water, acetone and potassium carbonate, water, acetone and cal¬ 
cium chloride and water, acetone and sodium chloride are given and thor¬ 
oughly investigated. 

2. Temperature effects in the systems are noted, and while no upper 
critical solution temperatures were found, the lower critical solution tem¬ 
peratures of a series of solutions are given. 

3. A quantitative method is given for the determination of acetone in an 
aqueous solution, provided a third substance is not present. The effect 
of the presence of methyl alcohol, when this method is used, is discussed. 

UMIVSitaiTV 09 Minnbsota. 

Mxnn«apou8. Minn. 

A NEW METHOD FOR THE DETERMINATION OF THORIUM 

IN MONAZITE SAND. 

By R. J. Carney and B. D. Camvbeia. 

Received April 14 . 1914 . 

The large amount of work published upon the determination of thorium 
in monazite sand is an indication of the importance of this problem. 
Several methods have been devised for this determination. The princi¬ 
pal ones, up to the year 1910, were the ammonium oxalate method,‘ the 
’ Glaser, Chem. Ztg., ao, 613 (1896). 



DETBRMINAIION of thorium in MONAEITB sand. tI35 

thiosulfate method,^ the hydrogen peroxide method,* the fumaric acid 
method,* and the nitrobenzoic acid metliod;^ the thiosulfate method being 
the one usually employed. 

In all of these, as well as in the more recent volumetric molybdate 
method,® it is necessary to precipitate the thorium, and other rare earth 
elements, as oxalates from the solution of the sand, in order to separate 
them from the phosphoric acid. This precipitation and the subsequent 
treatment of the oxalate precipitate, in order to dissolve it and 
obtain a neutral solution of the rare earth salts, requires consider¬ 
able time. Potassium trinitride® and scbacic acid^ have also been 
proposed as reagents for the separation of thorium from the other rare 
eartli elements. A neutral or only slightly acid solution is required, so 
these methods could not be applied to the analysis of monazite sand 
without first precipitating with oxalic acid. 

The only methods in which the thorium is precipitated from the solu¬ 
tion of the sand, in the form of a salt other than the oxalate, are the iodate 
method* of Meyer and Speter and the hypophosphate method* of Rosen¬ 
heim. These are both known as “rapid methods. 

The iodate method gives very accurate results. Meyer and Speter 
have tested the method thoroughly on pure solutions and on a sand which 
had been analyzed in the laboratory of Dr. Gilbert, of Hamburg, in which 
laboratory the determinations for the German thorium indu.stry are made.' * 
The re.sults compared very well witli the result obtained by Dr. Gilbert. 
Although the reagent used is expensive, this expense is outweighed by the 
gain in \vorking time. The method requires considerable care to avoid 
loss in the numerous transfers of the precipitate of thorium iodate from 
the paper to a beaker. 

One cannot judge as to the acciu-acy of the hypophosphate method, as 
Rosenheim gives no results, either upon pure solutions or upon sands. 
The reagent, sodium hypophosphate, cannot now be purchased. 

Several years ago we noticed that tlie pyrophosphates of thorium, ceric 

' Hintz u. Weber, Z. anal Chem., 36, 27 {1897) ; Drossbach, Z angew. Chent,, 14, 
65s (1901); Hauser u. Wirth, Ibid., 22, 484 U909)- 

• Wyrouboff and Verneuil, Compt. rend,, 126, 340 U89S)’» chim., (3] 

219 {1898); Benz, Z. angew. Chem., 15, 297 (1902). 

® Metzger, This Journal, 24, 901 (1902). 

^Keish, Ibid., a6, 780 (1904). 

• Metzger and Zons, J. Ind. Eng. Ch€m., 4 , 493 ( 1912 )- 

• Dennis and Kbrtright, Am. Chem. J., 16, 79 (1894); Dennis, This Journal, 18, 
947 (1896). 

^ Smith and James, This Journal, 34» 281 (1912). 

• Chem. Ztg., 34, 306 (1910). 

^ Ibid., 36, 821 (1912). 

Meyer und Hauser, “Die Analyseder seiteaen Erden und der Erdsaurent" page 293- 
Meyer u. Speter, Qhm . Ztg ., 34^ 306 (1910), 
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cerium, and zirconium are insoluble in dilute acids, while the pyrophos¬ 
phates of cerous cerium and the other rare earth elements are readily 
soluble in dilute acids. This difference in the solubility of the pyrophos¬ 
phates is the basis of the new method for the determination of thorium 
presented in this paper. 

Thorium pyrophosphate has been mentioned very little in the litera¬ 
ture. Cleve,^ in 1874, ^ paper on thorium salts, made note of tlie fact 

that pyrophosphoric acid, when added to a thorium salt, precipitates 
Thp207.2H20, and that this salt dissolves in an excess of sodium pyro¬ 
phosphate, forming Na4Th(P207)2*2H2(). The various chemical hand¬ 
books and dictionaries give these formulas and refer to the article by 
Cleve. The striking difference in the solubility of the pyrophosphates 
in acids has apparently not been noticed. 

The normal sodium salt, Na4P207.ioH20, is the most convenient pyro¬ 
phosphate to use for precipitating the thorium. It is inexpensive and 
is readily obtained. A water solution of this salt is very stable, and there 
is no appreciable hydrolysis to orthophosphate even after standing for 
' a long time or on heating. 

Thorium pyrophosphate dissolves readily on heating with an excess of 
sodium pyrophosphate. It dissolves with difficulty in a large excess of 
pyrophosphoric acid and is precipitated from this solution slowly by heat¬ 
ing, and rapidly by adding a strong acid and heating. It is soluble also 
in ammonium carbonate and in alkali oxalate solutions. Prom solutions 
of the double pyrophosphate, thorium is completely precipitated by boil¬ 
ing with an excess of sodium hydroxide. It is not precipitated from 
this solution by ammonium hydroxide or by oxalic acid; if the solution 
is strongly acidified after adding oxalic acid, a mixture of oxalate and pyro¬ 
phosphate is precipitated. The addition of a strong acid to the 
double pyrophosphate breaks it up and causes the precipitation of thorium 
pyrophosphate. 

In order to precipitate thorium completely as the p5rrophosphate, the 
solution must be boiled after adding the sodium pyrophosphate, otherwise 
i~2 mg. of thorium will remain in solution. The acidity should be about 
0.3 iV or equ^ to 5 cc. of hydrochloric acid (1.19) in 200 cc. of solution. 
If the oddity is very much too low, some thorium may fall to be predpi- 
tated by going into the form of the double pyrophosphate; if too high, 
the solvent effect of the add comes into play, ' The addity may, however, 
vary within fairly wide limits without the loss of any thorium. Zirconium 
is completely precipitated from a solution under the same conditions as 
thorium. 

The pyrophosphates of cerous cerium, praseodyxnium, neodymium, 
lanthanum, 3rttrium, ytterbium, and eibium are soluble in an excess of 
^ Pull, S0C, Mm,, [2] ax, xx6. 
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sodium pyrophosphate. Freshly precipitated pyrophosphates of each 
of these metals, equivalent to about 125 mg. of the oxide, when suspended 
in 100 cc. of water, dissolved readily on the addition of i-i .5 cc. of dilute 
hydrochloric acid (i.io). On adding bromine water to the solution of 
cerous pyrophosphate in dilute hydrochloric acid and heating, a white 
precipitate of ceric pyrophosphate formed immediately. 

Thorium pyrophovsphate may be ignited by drying the precipitate, re¬ 
moving it from the paper, burning the paper at as low a temperature as 
possible, then adding the main body of the precipitate and igniting for 
about fifteen minutes. Long-continued ignition causes a slight loss of 
P2O6. As is the case in the ignition of other phosphates, it is difficult to 
burn off all of the carbon. Thorium oxalate is readily changed to the 
oxide by ignition. Since it is necessary to precipitate as the oxalate at 
some point in the analysis of monazitc sand, in order to remove zirconium 
(zirconium oxalate being soluble in an excess of oxalic acid) it seemed 
advisable to precipitate the thorium finally as the oxalate and ignite and 
weigh the oxide. 

It was quite difficult to find a really satisfactory method for changing 
the pyrophosphate quantitatively to oxalate. The first method tried 
was to change the pyrophosphate to hydroxide by boiling with sodium 
hydroxide. Other thorium precipitates, for example the thiosulfate and 
oxalate, are readily changed to hydroxide in this way. This method was 
not successful, the transpOvSition not being at all complete. The next 
method tried was to dissolve the pyrophosphate in an excess of warm sodium 
pyrophosphate, change the thorium to hydroxide by boiling with sodium 
hydroxide, filter and wash this precipitate, dissolve it in hydrochloric 
add and precipitate the thorium as oxalate. This was not entirely satis- 
factor>\ on account of the difficulty in washing out all of the soluble 
pyrophosphate from the thorium hydroxide. Similar methods applied to 
the solutions in ammonium carbonate and oxalate were unsatisfactory. 

We next tried dissolving the thorium pyrophosphate in concentrated 
sulfuric acid and oxidizing the filter paper. Instead of the use of sodium 
nitrate for this purpose, as is customary, we made use of ammonium per¬ 
chlorate.^ By the use of concentrated sulfuric acid and a small amount 
of ammonium perchlorate, a 15 cm. filter paper, containing about 200 mg. 
of moist thc^ium pyrophosphate, will be completely destroyed, the pyro- 
phosphoric acid changed to orthoacid, and the thorium brought into solu¬ 
tion in about ten minutes. The dry paper, alone, can be destroyed in 
much less time. Using sodium nitrate, as in the hypophosphate method, 

1 We are indebted to H. H, Willard for this suggestion. Potassium perchlorate 
may also be used, but in this case the sulfates dissolve more slowly, probably due to 
the formation of a double sulfate. The excess of the potassium salt remaius largely 
tmdissolved, 
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one or two hours would have been required. The amount of ammonium 
perchlorate used is small and the reagent is inexpensive. On cooling and 
adding water to the mixture of concentrated sulfuric acid and thorium 
sulfate, a clear solution results. To change the thorium completely to 
an oxalate entirely free from phosphate, it was found best to first change 
the sulfate to hydroxide by boiling with sodium hydroxide, filter this, 
dissolve it in hyckochloric add and predpitate as oxalate. This was found 
to give much more satisfactory results than neutralizing with ammonium 
hydroxide, adding add until the predpitate dissolves and precipitating 
with oxalic acid, the procedure in the hypophosphate method. 

This method was first tested on pure solutions of rare earth salts. Pure 
thorium nitrate was prepared from the commercial salt by the method 
of Wyrouboff and Vemeuil,^ consisting of a double predpitation of the 
thoriiun by hydrogen peroxide. After dissolving the pure salt in water, 
the strength of the solution was determined by precipitating the thorium 
from a measured volume in a dilute acid solution as the oxalate, allowing 
this to stand over night, then filtering and igniting to the oxide. The 
cerium, praseodymium, neodymium, and lanthanum salts were the double 
ammonium nitrates. The sodium pyrophosphate solution was made up 
by dissolving 25 g. of Na4P207.ioH20 in 500 cc. of water. The ammonium 
perchlorate was the commercial salt purchased from Kahlbaum. As this 
left a slight residue on dissolving in water, it was purified by one recrys¬ 
tallization. 

The completeness of the predpitation of thorium by sodium pyrophos¬ 
phate is shown by the following experiments: 

To 35 cc.^of pure thorium nitrate solution, 5 cc. of HCl (i. 19) were added and the 
solution diluted to 200 cc. It was then heated to boiling and 10 cc. of the sodium 
pyrophosphate solution were dropped in slowly from a pipct with constant stirring. 
The solution was then gently boiled for five minutes, stirring occasionally to keep the 
precipitate in suspension. The precipitate was allowed to settle for five or ten minutes 
and was then filtered^ and washed with water containing a small amount of hydrochloric 
add (one or two drops of acid in 200 cc.). The paper containing the moist predpi¬ 
tate was put into a 125 cc. Soxhlet’ flask and 15 cc. of sulfuric acid (i .84) and a few 
crystals of ammonium perchlorate were added. The flask was then covered with a 
watch glass which was held slightly away from the top of the flask by three small bent 
glass rods in order to allow escape of gases. The flask was heated gently and the heat¬ 
ing continued until a brown solution was obtained. The flame was then removed 
for a moment and more ammonium perchlorate carefully added. Heating was then re¬ 
sumed. More perchlorate was added if necessary. In a short time the solution be¬ 
came colorless and the carbonaceous matter had been entirdu oxidized. The solution 
was then allowed to cool. The flask was placed in cold water and about 73 cc. of dis- 

* Loc. cit, 

^ Thoritim pyrophosphate offers no difficulty in filtration, the much more bulky 
orthophosphate, however, is very hard to filter, 

* A Kjeldahl flask found to be preferable, as it eliminates aU chatmt of 

loss by spattering. 
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tflled water were slowly added with stirring. In a short time a dear solution resulted. 
This solution was then poured slowly into a solution of 30 g. of sodium hydroxide in 
about 125 cc. of water, and the flask was washed out with distilled water, collecting the 
washings in the sodium hydroxide solution. The solution was stirred and boiled 
for several minutes to convert the thorium to hydroxide. The hydroxide was filtered 
on a hardened filter paper, using slight suction. This was washed thoroughly with 
hot water. The paper containing the thorium hydroxide was then placed in the beaker 
in which the hydroxide precipitation had been made, and 5 cc. of hydrochloric acid 
(1.19) were added. This was allowed to remain in contact with the paper for a short 
time and then the solution was diluted and boiled. The paper was filtered off and 
washed thoroughly. A solution of 2 g. of oxalic acid was added to the filtrate and this 
was diluted to about 450 cc. and allowed to stand warm over night. The oxalate was 
filtered, washed with water containing a trace of hydrochloric acid, and ignited to oxide. 
The amount of thorium oxide taken was o 1376 g. The amounts found in three ex¬ 
periments were: (i) 0.1384 g., (2) 0.1374 g., (3) o 1376 g. The filtrate from the thorium 
P3rrophosphate gave no precipitate on boiling with sodium hydroxide or ammonium 
hydroxide, or on adding oxalic acid and allowing to stand. 

Experiments were then carried out to determine if a quantitative 
separation of thorium from the other rare earth elements can be obtained 
by one precipitation with sodium pyrophosphate. The acidity and vol¬ 
ume of solution were the same as in the previous experiments: 

Experiment /.—Weight of ThOj taken: 0.1376 g.; weight of CeOa taken: 0.1235 
g.; weight of Th02 found: 0.1413 g. Weight of CeOs carried down with the thorium 
was 3.7 mg. 

Experiment 2 .—Weight of ThOa taken* o 1376 g.; weight of Pr407 taken: o. 1241 g.; 
weight of ThOa found: o. 1409 g. Weight of PriOi carried down with the thorium was 
3«3 *ng. 

Experiment 3 .—Weight of ThOa taken: 0.1376 g.; weight of NdaOs taken: 0.1240 
g.; weight of ThOa found: o. 1392 g. Weight of NdaOi carried down with the thorium 
was 1.6 mg. 

The oxides in Experiments 2 and 3 were quite strongly colored. 

It was seen that a second precipitation of the thorium as pyrophosphate 
vmuld be necessary in order to remove the small amounts of rare earth 
salts that are carried down. This reprecipitation was easily accom¬ 
plished. The sulfate solution of the pyrophosphate precipitate was rinsed 
into a beaker and ammonium hydroxide added until alkaline. A few 
drops of methyl orange were added and hydrochloric acid dropped in im- 
tfl a neutral reaction was obtained, then 7.5 cc. of hydrochloric acid (1.19) 
?fere added and the solution diluted to 300 cc. The solution was heated 
to boiling and precipitated with sodium pyrophosphate as before. The 
pyrophosphate was filtered, washed, and converted to sulfate, hydroxide 
and oxalate in the manner previously described. 

In a number of experiments this method was tried upon thorium salts 
alone, and a complete recovery of the thorium was made in each case. 
When tried upon mixtures of thorium and other rare earth salts, the thorium 
aodde obtain^ was in all cases entirely pure. The results obtained ate 
atlown in Table h. 
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TbOs taken. 

CeOi token. 

naiOi taken. 

PriOr taken. 

NdaOi taken. 

ThOk found. 

Gram. 

Gram. 

Oram. 

Oram. 

Gram. 

Gram. 

0*1376 





0.1375 

0.1376 


.... 



0.1372 

0.1376 


.... 



O.1371 

0.1376 

0.1235 




O.X 377 

0.1376 

0.2470 




0.1371 

0.1376 


0.1250 



0.1374 

0.1376 



0.X241 


0.1376 

0.1376 



0.1241 


0.1371 

0.1376 




0 1240 

0.1366 

0.1376 



.... 

0.1240 

0.1375 

0.1376 


0.1250 

0.1241 

0.1240 

0.1383 

0.1376 

0.1235 

0.1250 

0.1241 

0.1240 

0.1374 


This method was then tested upon monazite sand. The best method 
for the decomposition of the sand seemed to be the one used by Meyer 
and Speter, taking a 50 g. sample of the unground sand and decomposing 
it with 100 cc. of concentrated sulfuric acid. The sulfates may then be 
dissolved in water, filtered, diluted to one liter, and aliquot portions taken 
for analysis. A 50 cc. portion .should be diluted to about 440 cc., in order 
to obtain the acidity used in the experiments on pure solutions. On pre¬ 
cipitating the thorium from this solution with sodium pyrophosphate, a 
small deposit of ceric pyrophosphate formed on the bottom of the beaker, 
and this was very difficult to remove. By diluting the solution to 450 
cc. and adding 5 cc. of concentrated hydrochloric acid, this did not occur. 
In carrying out the method in the same manner as on pine solutions, 
many good results were obtained, but in some cases the results were slightly 
too high and the final oxide had a faint pink or brown color. This was 
caused by a trace of rare earth phosphate not dissolving in the hydrochloric 
acid and thus being carried along with the thorium. This was avoided 
by precipitating the sulfate solution with sodium hydroxide instead of 
ammonium hydroxide, filtering and washing the precipitate and dissolviug 
it in the proper amount of add. This process, of course, involves the use 
of an additional hydroxide filtration, but as the hydroxide is filtered with 
suction and the filtration and washing are rapid, but little more time 
is required than in the other method. An experiment on pure thorium 
nitrate solution showed that no thorium is lost by this variation in the 
method; weight of ThOs taken was 0.1376 g., wdght recovered was 
o.i 379 g- 

In the presence of a large amount of cerium, such as is found in monazite 
sand, it was found advisable to add a little sulfurotis add solution to re¬ 
duce atiy ceric cerium before precipitating the second time as the pyro¬ 
phosphate, 

The complete method as applied to monazite sand is as follows: 50 
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of are heated to about 250® with 100 cc. of concentrated sulfuric 

ai^iit^a thick-walled iron dish until complete decomposition is obtained.^ 
Tltis utt require from 5-8 hours. The dish is kept covered with a watch 
giosa during the heating. The excess of sulfuric acid is not driven off. 
The mitture is cooled and introduced slowly into about 400 cc. of cold 
Mmfer contained in a large beaker. This beaker is kept surrounded with 
cold water. The mixture is stirred with a wide spatula and allowed to 
stand tmtil the sulfates are dissolved. The solution is then filtered through 
a folded filter paper into a one liter flask, the paper washed, and the 
filtrate diluted to the mark. Of this solution, 50 cc., equivalent to 2.5 g. 
of vsand^ are measured out and placed in an 800 cc. beaker. Five cc. 
of hydrochloric acid (1-19) are added and tlie solution is diluted to 450 
cc.’ TMs is stirred and 15 cc. of sodium pyrophosphate solution (25 g. 
in 500 cc.) are slowly added. It is then heated to boiling, stirring^ when 
near the boiling point, and is boiled gently for five minutes, 
after which it is allowed to stand for five or ten minutes and is 
then Altered. The precipitate^ is washed several times with hot 
water containing one or two drops of hydrochloric acid in 200 cc. 
It is next transferred to a 250 cc. Kjeldahl flask, and 15 cc. of 
sulfuric acid (i. 84) and a few crystals of ammonium perchlorate are added. 
The flask is covered with a watcli glass held away from the top of the 
flask by three bent pieces of glass rod. The mixture is heated until it 
changes to a clear brown liquid. More perchlorate is then added and heat¬ 
ing is continued until the organic matter is all oxidized.** The sulfate is 
always slightly yellow. The mixture is cooled to room temperature. The 
cover glass and rods are rinsed off into the sodium hydroxide solution 
used in converting the sulfate to hydroxide. The flask is placed in cold 
water^ and about loo cc. of distilled water are slowly added with stirring, 
and the sulfate will soon dissolve.® The solution is rinsed into a solution 

^ This may be determined by placing a small portion of the mass on a watch glass, 
coding, adding water •and examining the undecomposed mineral fragments with a magni- 
fyini glass. The characteristic appearance of undecomposed monazite can be readily 
reanouied. 

• Ai^ a rule, after boiling begins, no attention is required, as the precipitate does 
not tend to settle. 

•"Tliis precipitate contains about 15 mg. of oxides of rare earth elements other 
thail 'tliorium and zirconium. 

’• The oxidation of the filter paper requires about ten or twelve minutes, and about 
X .5 g. of ammonium perchlorate are used. A larger amount of perchlorate is not hann- 
ftd* Tfeating should be discontinued promptly when the organic matter has all been 
ogiditeid; if heated much longer, the perchloric acid breaks up at a certain point, causing 
ctMUtt^able foaming. 

^ In the case of one of our monazites, a small amount of a greenish blue powder 
t6 dissolve on adding water. This occurred several times. In each case when 
thta hniipened, the final result was a few one-hundredths of a per cent too low, as the 
fROeipItate contained some thorium. The following method easily overcame this 
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of 30 g. of sodium hydroxide in about 125 cc. of water contained in a 600 
cc. beaker. The mixture is stirred and boiled for several minutes, md 
the hydroxide is then filtered on a* hardened paper by aid of suctikm. It 
is washed a number of times with hot water. The paper is then planed 
in the beaker previously used, ten cc. of hydrochloric add (1.19) arc 
added and allowed to remain in contact with the paper for a short time, 
about 150 cc. of water are added and the solution is boiled. The paper is 
filtered off and washed, and the filtrate is diluted to 400 cc. 
About 3 cc. of saturated sulfurous add solution are added, the solution 
is heated to boiling, and the thorium is again precipitated with sodium 
pyrophosphate; the predpitate is washed and changed to sulfate and 
hydroxide in the manner just described. This second sulfate is white and 
always dissolves completely in water. Finally the hydroxide is dissolved 
in 5 cc. of concentrated hydrochloric acid, the solution is diluted and boiled, 
the paper is filtered off, and the thorium is precipitated from the filtrate by 
a solution of 2 g. of oxalic acid. The solution is diluted to about 450 cc., 
and is allowed to stand warm over night. The oxalate is then filtered, 
washed with water very faintly acidified with hydrochloric acid, and is 
ignited to the oxide. 

To determine the accuracy of the results, they were compared with those 
obtained by carefully carrying out the iodate method. The sand is de¬ 
composed and the solution made up in the manner previously described. 
100 cc,, corresponding to a 5 g. sample, are measured out, 50 cc. of concen¬ 
trated nitric acid added, and the mixture cooled by placing in cold water. 
A solution of 15 g. of potassium iodate in 50 cc. of concentrated nitric 
acid and 30 cc. of water is added, this solution having been previously 
cooled. The mixture is stirred frequently and allowed to stand for one- 
half hour. It is then filtered.' The beaker is rinsed out with a solution 
of 4 g. of potassium iodate in 100 cc. of dilute nitric acid and 400 cc. of 
water. The same filter paper is used throughout the analysis. When 
the solution has all drained through, the precipitate is washed into the 
beaker with the iodate washing solution. It is stirred with about loo 
cc. of this solution and filtered again. Any lumps of precipitate are pressed 
out with a spatula. The precipitate is now rinsed from the paper into the 
beaker with hot water. The mixture is heated to boiling, and the pre¬ 
cipitate is dissolved by the addition of 30 cc. of concentrated nitric add. 
The iodate is rq>recipitated by a solution of 4 g. of potassium iodate in a 

difficulty: The precipitate was filtered on a small paper, washed a few times, and 
with the paper put in a small flask. The paper was oxidized and the precipitate 
brought into solution by heating with 5 cc. of concentrated sulfuric acid and a little 
ammonium perchlorate. After coolu\gand diluting with water, the solution was made 
alkaline with sodium hydroxide and added to the main solution containing the predpi* 
tate of thorium hydre^de. 

^ ' A rS 9111. S, and paper^ flo. 5^9* h'leccmmieiided. \ 
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little hot water and dilute nitric acid, the solution being fully cooled be¬ 
fore filtering, After filtering, the precipitate is again transferred to the 
beaker with the washing solution and is filtered once more. The precipi¬ 
tate is then washed from the paper with water, and the iodate is dissolved 
in hydrochloric acid wdth the aid of vsulfurous acid.* The thorium is pre¬ 
cipitated from the boiling solution by ammonium hydroxide, the hydroxide 
washed wdth boiling water until free from iodide, dissolved in dilute hydro¬ 
chloric acid, and precipitated with an excess of oxalic acid. The oxalate 
is allowed to stand, filtered, washed, and ignited. 

Three monazite sands were analyzed by both of these methods, and 
the results were found to check very closely: 


Monazite D. Monazite H. Monazite F. 


Pyrophosph. 

Iodate 

Pyrophosph. 

Iodate 

Pirrophosph. 

Iodate 

meth. 

meth. 

meth. 

meth. 

meth. 

mrth. 

5.42% 

5 - 43 % 

5.70% 

3 - 68 % 

5 * 32 % 

5 - 37 % 

5-41 

5-43 

5-70 

5.68 

5.34 

3.34 

5 - 4 J 

5.30* 

5.68 

3.69 

5-35 

5-32 

5.40 


5.66 

5-64 

3.28 

5-30 

5.41 


5.67 


5-35 

5.36 



.. 


• * 

5-39 



.. 



5.29 


The oxide obtained in the pyrophosphate method w^as in all cases white. 
About 200 mg. of this oxide were fused with potassium pyrosulfate, and 
the melt was dissolved in water and dilute nitric acid. This solution gave 
no test for phosphate. Another sample of tlie oxide was dissolved in the 
same way and tested for cerium by neutralizing the solution, adding an 
excess of potassium carbonate solution until the soluble potassium thorium 
carbonate was formed, and then adding a little hydrogen peroxide. No 
color was obtained. 

The pyrophosphate method can be completed in as short a time as 
either of the two rapid methods. Starting with the filtered sulfuric acid 
solution of the sand, all of tlie operations up to the precipitation of the 
oxalate can be carried out in about seven hours. The short time re¬ 
quired and the cheapness of the reagents should make this a useful method 
for this important determination. 

The monazite sands and several of the rare earth salts used in this 
investigation were furnished us through the courtesy of H. S. Miner 
of the Welsbach Company. 

UnnrSMiTY ov Micbioan. 

Ann Akbok. Mzcb. 

^ We have found it best to heat with dilute hydrochloric acid and add the sulfurous 

A little at a time tmtil just enough has been added to reduce the iodate. If too 
is added, the hydroxide filters slowly. 

* This oxide had a fairly strong pink tinge, while the other oxides were white. 
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NOTE. 

♦ 

A Silver Plated Copper Gauze Electrode in ike Zinc Determinaipm ,^— 
A silver plated copper gauze electrode can be made cheaply and is^j|ood 
substitute for platinum in the electrolytic deposition of zinc, es|Maa|fy 
when alkaline cyanide solutions are employed. Copper gaUze of,a de¬ 
sirable mesh is cut to a convenient size, the ends are brought togepier to 
form a cylinder and all the edges folded down. The ends are joi^fd 
interlocking folds. The spiral is supported by means of a heavy p^^iper 
wire which encircles the cylinder within the upper fold and is t^ent at 
right angles for connection to the support. The folds are then 
together by means of a copper wire. The cylinder and rod are now im¬ 
mersed in a dilute cyanide silver bath and coated with silver by electk)lyas, 
after which the unplated portion of the rod is cut off. A platinum wire 
is used for the anode connection. After each analysis, the zinc Can be 
removed conveniently by the use of dilute hydrochloric acid. 

O. L. Barnbbsy. 

tlNiVNRSiry OP Wisconsin, Madison. 


THE EXISTENCE OF FREE RADICALS.^ 

By M. Gombero 
R eceived March 31 » 1914 . 

I. Introduction. 

Prom the time when Kekul6 and Franchimont first prepared tii- 
phenylmethane, numerous attempts were made to prepare the analogous 
hydrocarbon, tetraphenylmethane, but seemingly without success. Victor 
Meyer then suggested that the general hypothesis of steric hindranoe 
might be applied in this case in order to explain the apparent non-ex¬ 
istence of tetraphenylmethane; i. e., three phenyl groups take up so nwch 
space around ^e central carbon atom that there is no room left te a 
fourth so complex group as a phenyl. Soon after this explanation^wus 
given, it fell to my lot to work out a method’ by means of which a hydUiH 
carbon, supposedly tetraphenylmethane, was produced. It turned mtt 
to be quite stable, melting in the neighborhood of 300° and distj^hlg 
undeoomposed at 430°. In order to obtain more evidence as to tho^MHl- 
stitution of this hydrocarbon, an attempt was made to prepare for ipoM- 
parative study the next higher completely phenylated hydroca^Mu, 
hexaphenylethane, which would be similarly constituted and for'^lfattt 
reason possess properties presumably similar to those of tetraphjpQrl- 
methane. Accordingly, triphenylchloromethane was subjected to the 

‘ See also Prary, J. led. Eng. Chem., 5, 739, quoting L. A. Stenger. 

* A paper read before the New York Section of the American Chemical Soete^, 
on the occasion ni the presentation of the William H. Nichols Medal, Match 6, 

• Ber., 30, S043 (1897); Tms JotonaU *», 773 (1898). . , 
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action of metals—^sodium, silver, mercury, zinc—with tlie full expectation 
that the reaction would proceed normally and give rise to hexaphenyl- 
e&ane:^ 

(C 6 H 5 ) 8 C|C 1 Ag' (C6H6)3C 

! + —^ I 

(C6H6)8CiCl Ag (C 6 H 5 ) 3 C 

A hydrocarbon possessing the requisite composition (C = 93.8% 
H » 6.2%) was actually obtained. But the unusual instability of this 
substance, its proneness to enter into most varied chemical reactions, 
and above all, its strikingly unsaturated character, precluded the natural 
inference that the hydrocarbon at hand was actually hexaphenylethane. 
The opinion was expressed that here was an instance of a compound with 
one atom of carbon in the trivalent state, i, e., (C6H5)3C, triphenylmethyly 
a free radical. Subsequently it was found that many analogs of tri- 
phenylmethyl are capable of existence. In other words, there is a large 
class of such free radicals, a class of triarylmethyls. 

A brief description of the most important properties of this strange 
class of compounds and a discussion of the arguments that have been 
advanced for and against the conception of free radicals will be the 
subject of my talk before you. 

II. The General Reaction. 

The motlier substance is the hydrocarbon tri])henylmethane, a color¬ 
less, fairly stable compound. By bromination we obtain triphenyl- 
bromomethane, a derivative of great activity, ^'his bromide, and the 
analogous chloride, resemble in their general behavior the acid halides 
more than the alkyl halides. The halogen is easily replaced by other 
groups, and we may obtain a carbinol, an ether, an amine, an anilide, 
etc., all tolerably stable and all colorless compounds. What is true of 
the triphenylmethane is equally true of other triarylmethanes. 

When a triarylmethylhalide, dissolved in benzene, is treated with some 
metal, like silver, in absence of oxygen the halogen is taken out by the 
metal and the unsaturated triarylmethyl is formed. The solution is 
invariably colored. The exact nature of the color so produced is de¬ 
pendent upon the nature of the three groups that are linked to the carbon 
atom. The triphenylmetliyl itself gives in solution, as you notice, an 
orange-yellow color. But colors corresponding to all shades of the rain¬ 
bow can be obtained by varying the nature of the three aryl groups in 
imion with the central carbon atom. Tet me illustrate this on the follow¬ 
ing triarylmethyl chlorides, to each of which some molecular silver has 
b^n added. 

» This Journal, as, 757 (1900); Ber ,, 33,3150 (1900). 
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(1) (C«H»)tC.Cl gives an orange^yeUow solutimi.^ 

(3) (C(Hi)g.(;^C£[«C«H4).C.Cl gives an orange-red solution.* 

(3) (:^CHt.C^H4)tC.Cl gives a darker red solution.* 

(4) (^-BrC«H4).(C*Hj)2.C.Cl gives a brown-red solution.* 

(s) (o-BrC»H4)(C*H6)j.C.Cl gives a red solution.* 

(6) (o-BrCaH 4 )(/>-C«H«Cl)jC.Cl gives a purple-red solution.* 

(7) (C6Hs)g.(a-CioH7).C.Cl gives a dark brown solution.* 

(8) ^NOjC»H4).(CeH*)*C.Cl gives a deep green solution.* 

While the production of color in itself is characteristic, the susce]^- 
bility of the colored compound to the oxidizing influence of the air is 
far its most striking feature. When, therefore, any one of these solutitws 
be exposed to air the color will disappear. Let me illustrate this by tihe 
four examples: (i), (5), (7), and (8). This test, the production of odor 
and the disappearance of it on exposure to air, is extremely delicate, a 
few mgs. of the material under examination sufGice for the test, 
ni. Preparation of the Pure Triarylmethyl. 

In order to prepare a triarylmethyl pure, the essential conditions are: 
(i) exclusion of moisture, to prevent the hydrolysis of the triarylmethyl 
halide itself; (2) absence of oxygen, to prevent the oxidation of the/«e- 
sulting unsaturated hydrocarbon; (3) avoiding exposiure of the solutions 
to light—especially direct sunlight—to prevent autooxidation; (4) avoid¬ 
ing even traces of acids, to prevent isomerization. Various contrivances 
can of course be used in order to insure the above conditions. Schmidlio, 
Schlenk and others have each described an apparatus answering these 
demands. The form of an apparatus which we have employed in oitr 
own laboratory, with very satisfactory results, was described some yeath 
ago.* It permits of the preparation, recrystallization, filtration, washii|g 
and drying of the final product without ever exposing it to the oxidizing 
influence of the air. 

IV. Physical Properties of Triphenylmethyl. 

Color. —^The simple representative—^triphenylmethyl itself—^is in the 
solid state tmdoubtedly colorless, but it invariably becomes covered wilh 
a thin 3rellow coating, even if completely protected from the oxyg^ 
of the air. On the other hand, as the writer has demonstrated and hill 
repeatedly called attention to the fact, the colorless triphenylmeth|l 

‘ Gomberg, This JovaKAL, 22, 757 (1900); Am. Chem. J., 25,330 (1901). 

* Gomberg, Ber., 37,1631 (1904). 

* Ibid., 37,1627 (1904). 

* Ibid., 37 i 163s (1904). 

* Gomberg and Van Tms Joubmai., 3>, 540 (191 x). 

* Gomberg, Ber., 37,1637 (1904)- 

* To be described in detail later. 

* Ber., 37,3033 (*904)- 
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goes into solution with the production of a distinct orange-yellow color 
in any solvent whatsoever. We must conclude that the compound, in 
dissolving, must tmdergo a change in molecular structure and that there 
are two modifications of triphenylmethyl, colorless and colored.^ The 
credit belongs to Schmidlin^ to have established by experiment that, even 
in solution, both modifications—the colorless and the yellow—exist side 
by side, in equilibrium with each other. There have been proposed several 
hypotheses in order to explain the difference in constitution between the 
colorless and the colored modification. We shall discuss them later. 
That various analogous triarylmethyls may possess other than yellow 
color has already been called attention to. Some are colored even in the 


solid state. 


There is one hydrocarbon of this class, 



C—C«H6, 


which is colorless even in solution, but on heating, the solution assumes 
a deep blue fluorescence, almost as blue as the color of copper sulfate. 

Stability, —^Triphenylmethyl, in the solid state, can be kept indefinitely. 
Samples sealed up in an atmosphere of carbon dioxide were found to be 
unimpaired on opening after having been kept five years. Triphenyl- 
xnethyl melts at 145®. On distilling at 18 mm. pressure it decomposes, 
producing considerable quantities of triphenylmethane. With a better 
vacuum it may prove possible to distil it undecomposed. 

Solvents of Crystallization ,unsaturated character of triphenyl¬ 
methyl is evidenced by its avidity to unite with a variety of solvents.* 
In fact, it is difficult to find solvents from which triphenylmethyl can be 
crystallized without its taking up solvent of crystallization. It unites 
with benzene, toluene, the three xylenes, ethyl benzene; with methyl- 
ethyl ether, diethyl ether, methylpropyl ether, ethylpropyl ether, methylal 
anisol, benzylethyl ether, o-cresolmethyl ether, metliylene oxide, etc.; 
with ketones, such as methylethyl ketone, diethyl ketone, methylpropyl 
and ethylpropyl ketone, acetyl acetone, methylhexyl ketone, acetophenone, 
etc.; with aldehydes;^ with esters, such as formates, acetates, propion¬ 
ates, butyrates, carbonates, oxalates, malonates, succinates, benzoates, 
etc.; it unites with nitriles, with CS2, with chloroform, with olefines. Par¬ 
ticularly puzzling is the fact that when crystallized from petroleum ether 
the crystals so obtained contain actually petroleum ether of crystalliza¬ 
tion. Samples of American petroleum e^er and of Kahlbaum ether, 
thoroughly washed with nitric acid and then with potassium permangan- 


I B$r„ 34i 2728 (1901); 35f 1825, 2403 

* Ibid,, 41, 2471 (1908). . 

’Gomberg, This Journal, 33, 496 (1901); Gomberg and Cone, Ber., 38, 1333, 
3447 (1903}; and some unpublished results. 

* From results obtained by B.. h* Jidding, in this laboratory, both aliphatic and 
aromatic aldehydes combine with triphenylmethyl. 
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ate, stin give combioations with triphenylmethyl coataitung 14-15% 
of petroleum ether. We are at pre$ent investigating whether synthetic 
hexane, heptane, etc., are taken up by triphenylmethyl. 

The combinations which are so fcnmed are easily dissociated into the 
components near or at the boiling points of the respective solvents. The 
constancy and uniformity of composition is very striking, as can be seen 
from examples in the following table: 


Aromatic hydrocarbon: 
Ether; 

Ketone: 

Aldehyde: 

Ester: 

Nitrile" 

Olefine: 


Ethylene oxide: 


I(C,H.),C]..C,H. 

[(C^),CJ,.(C,H .),0 

l(C,H,),C],jCH, C 0 .C,H 6 

l(CJI,),C],.C.HsCHO 

l(C,H 0 »C]j.CH,COOR 

((C,H.),C]s.C,H.CN 

I(C,H 5 ),C],.C,H„ 

o 

/\ 

[(C.H,),Ck.CH2.CH, 


It is purely an incident that among the ketones, acetone, and among the 
esters, methyl- and ethyl-formate, do not give combinations with triphenyl¬ 
methyl. It is more likely true that these solvents also combine with the 
hydrocarbon, but the temperature of dissociation lies very low, below 
ordinary room temperature. 

From the constancy of composition it was at first inferred that these 
combinations occur, or are formed, in virtue of the tetravalency of the 
oxygen; 




(C,H,),C 


X 


CaHft 

COCH, 


Irately, however, our studies have forced us to the conclusion that the 
assignment of constitutions with tetravalent oxygen to different com¬ 
pounds by various investigators was based in most cases upon erroneous 
and faulty experimental evidence. For this reason we would hesitate 
to defend our former point of view as regards the constitution of com¬ 
pounds produced by the combination of triphenylmethyl with ethers, 
ketones, esters, etc. 

Conductivity .—Early in the development of this subject it became 
apparent that triphenylchloromethane, and also other triarylchloro- 
methanes possess characteristics not unlike those of salts: they make 
perbromides, periodides, give double salts with metal halides,^ etc. If 

^ Norris and Sanders {Am. Chem. J., 25, 55 (1901)) described the first double 
salt of this kind, namely, the aluminum chloride double salt. Soon after that, the writer 
prepared a number of analogous double salts from triphenyb and tritolyl-chloromethane, 
with various metal halides (This Journai,, 23, 496 (1901); Ber., 34,2727 (1901)). Fol¬ 
lowing this^ Kehrmann and Wentzel described other double salts of this nature 
34t 3818). Since then, large numbers of these derivatives have been described by 
various mvestigators. ^ 
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salts—are they capable of conducting the electric current? Of course 
water could not be used as the solvent in this test, since the carbinol 
halides are readily hydrolyzed by it to the carbinols. Organic solvents 
known to possess more or less dissociating power were tried. Triphenyl- 
chloro- and bromomethane showed a measureable, but rather slight, 
conductivity in benzonitrile; in nitrobenzene, still less. Liquid sulfur 
dioxide was next employed, whicli, as you know from Walden’s work, 
is as good an ionizing solvent for both inorganic and organic electrolytes 
as water itself. Walden^ and we* in our laboratory, in Riga, found that 
these triarylmethyl halides behave truly like salts, in that they show a 
conductivity equal to that of ethylamine, benzylamine; moreover, the 
molecular conductivity increases with dilution. It was thus definitely 
established that there are carbonium** salts in the true sense of the defi¬ 
nition applied to salts. The conclusion was tentatively drawn that tlie 
basic properties, in virtue of which the salt formation occurs, reside 
in the central carbon atom. This conclusion is still held by some, 
but we shall see later why this interpretation was given up in favor of 
another which appears to us to be more in conformity with the facts. 

But, however, far more surprising than the apparent existence of the 
carbonium salts is the unexpected discovery that triphenylmethyl itself 
behaves exactly like an electrolyte when dissolved in liquid sulfur dioxide.® 
It, too, conducts the electric current quite well. It, too, possesses a 
higher molecular conductivity the more dilute the solution. 

How is this strange phenomenon, a hydrocarbon behaving like an 
electrolyte, to be accounted for? Several explanations have been offered, 
but none of these is entirely satisfactory. 

V. Chemical Properties. 

Oxidation.—Toremost among the chemical reactions of triphenyl¬ 
methyl, and all its analogs, is the readiness with which they unite with 
oxygen. We have seen this illustrated when the colored solutions of the 
various triarylmethyls lost their color on exposure to air. Permit me to 
illustrate this striking characteristic again, emphasizing this time the 
unusual rate of oxidation. On exposing to air a concentrated solution of 
triphenylmethyl in benzene (10%), it will be noticed that the clear solu¬ 
tion in a very short time becomes covered with a crust of the insoluble 
oxidation product. The rate of absorption of oxygen is 50 cc. per i g. 
of material during the first minute of exposure.'* Yellow phosphorus 
1 Z. physik. Chem., 43, 454 (1903). 

^ Ber., 35, 2404 (1902); Tousley and Gomberg, This Journai., 26, 1516 (1904)- 
•Walden, Z. physik. Chem., 43, 443 (1903); Gomberg and Cone, Ber., 37, 2043 
(1904). 

* Gomberg and Cone, Ber,, 37,3540 (i904)< 
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hardly exceeds tripheoylmethyl in the rate with which the latter unites 
with the oxygen of the air. ^ 

The compound fcmned in this reaction is a colorless, fairly stable sub¬ 
stance and it has the constitution of a peroxide: 

(Cai.).C O (C,H.).C—O 

+ 11 I 

(C,H.).C O (C,H,),C—O 

These peroxides, as a rule, are comparatively little soluble in the usual 
organic solvents such as benzene and ether, and thus their purification 
presents no difficulties. Consequently, the isolation of a peroxide in a 
reaction as described is positive proof that a compound containing a 
trivalent carbon atom is present. By the employment of this simple 
test we have proven the existence of a large number of free radicals. 

Addition of Iodine, —^Next to the combination with oxygen, the be¬ 
havior of triphenylmethyl towards halogens is very striking. It unites 
instantly with bromine, with chlorine, the reaction consisting in both 
substitution as well as addition. But with iodine, addition only takes 

place. Let me illustrate this by adding a solution of iodine in benzene 

to a similar solution of triphenylmethyl, and you notice that the dark color 
of iodine disappears instantly. Triphenylmethyl may be titrated in this 
manner with a standard solution of iodine.^ In this reaction there is 
formed triphenylmethyliodide: 

(c«H8),c + i —► (c«h.)k:—I. 

Addition of Hydrogen. —^As might be expected, triphenylmethyl adds 
hydrogen with the greatest ease, forming triphenylme^ane. The hydro¬ 
genation can be carried out by adding a little zinc dust and some acetic 
add’ to a benzene solution of the unsaturated hydrocarbon. Or, in 
presence of finely divided platinum, hydrogen, as such, readily converts 
triphenylmethyl to triphenylmethane.’ 

(CelDsC + H —► (C«IL),CH. 


Addition of Quinone, —Schmidlin^ found that triphenylmethyl com¬ 
bines readily with quinone, giving stable compoimds. He assigned to 
them the constitution: 


2(C.H«),C -h O « C.H 4 - O —^ 


(C|H|)|C—O 



(C«Hg)iC—O 


Addition of NO and NOt. —Schlenk and Mair* found that the oxides 
^ This Journal, 34,597 (1902); Bet., $$9 (1902). 

* Ber., 36,381 (1903). 

* Scbmidlin u. Gsrzia-Batitts, Idut,, 43,3190 (1912). 

* Ber„ 4$, X298 (1910). 

* Ibid^ 44t J170 (1911)* 
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of nitrogen are taken up by triphenylmethyl with the greatest avidity. 
The products formed are nitroso- and nitrotriphenylmethane. 

2(C,H6),C + Noa —► (C,H,),C—NO + (C,H,)jCCl 
(C,H.),C + NOs —► (C,Hj),C.NO,. 

Addition of Xylene. —^Wieland and Miiller* recently reported interesting 
results regarding the capacity of triphenylmethyl to combine with aro¬ 
matic hydrocarbons in a way different from merely taking them up as 
solvents of crystallization. Wieland found that, on heating triphenyl¬ 
methyl with xylene, dimethyltetraphenylmethane is formed: 

2 (C«H6)3C -f- C,H4(CH3)2 = (C6H3)3C.C,H,(CH,)* -I- (C,H3)3CH. 

Action of Light. —Solutions of triphenylmethyl in benzene are quite 
susceptible to light, especially direct sunlight.^ Like most photochemical 
processes of this t3rpe, the reaction in this instance also is autooxidation 
and reduction. Schmidlin* showed that the following reaction takes 
place: 

CeHiv 

3(QH*),C —► 2(CtH,),CH 4-1 — CiHg 

CaH/ 

Action of Acids. —Hydrochloric acid, and undoubtedly other acids, 
exert a peculiar catalytic influence upon triphenylmethyl. The un¬ 
saturated, unstable hydrocarbon is thus converted, in the presence of 
small quantities of acids, into an isomeric stable hydrocarbon.^ This 
hydrocarbon was first prepared by ITHmann and Borsum^ directly from 
triphenylchloromethanc, and later by the writer from triphenylmethyl 
as mentioned above. It was first taken for the true stable hexaphenyl- 
ethane. But Chichibabin® definitely proved its constitution to be that of 
/y-benzhydryltetraphenylmethane: 

2 (C,H»)3C ^ (C,H5),CH-<^^^^y-C(C,HB),. 

Triphenylmethyl reacts also with phenols,^ with diazomethane,* with 
substituted hydrazines,® etc. It may be mentioned, however, that it 
does not unite with cyanogen, nor with CO.^® 

* Ann., 40X, 238 (19x3)- 

* Gomberg and Cone, Ber,, 37, 3546 (1904)- 

» Ber., 45, 1343 (1912). 

* Ibid., 35, 3914 (1902); 36, 376 (1903) 

* Ibid., 35, 2877 (1902), 

* Ibid., 37, 4708 (7904); 4X* 242^ (1908)* 

^ Schmidlin, Ber„ 45, 3180 (1912); Gomberg and Cone, Ibid., 37, 2040 (1904)* 

* Schlenk ti. Bomhardt, Ann., 394, 183 (1912). 

* Wieland and Lecher, Ibid., 33 zt 214 (i9xx)- 

X® Gomberg, This Jourmai,, 22, 762 (1900); 
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VI. Constitution, First Period, 1900-290$. 

Associated State .—It is obvious that the entire diemica! behavior of 
triphenyhnethyl finds its most consistent and most plausible explanation 
in the hypothesis that this hydrocarbon is a free radical containing a 
trivalent carbon atom. This explanation when first advanced was re¬ 
ceived without open opposition, but none the less with hesitancy, not¬ 
withstanding the fact that the extensive investigations by Nef have pre¬ 
pared us for the variability of the valence in carbon. The hesitation to 
acquiesce in the hypothesis of the trivalency of carbon received later its 
main support from the fact that the molecular weight of triphenylmethyl 
was found to be not 243, but double that. We used (1904) for the de¬ 
termination of the molecular weight by the cryoscopic method a wide 
range of solvents, freezing at various temperatures between 5“ and 80®; 
such solvents as benzene, nitrobenzene, dimethylaniline, bromotoluene, 
phenol and naphthalene. Only in naphthalene did the molecular weight 
of triphenylmethyl drop considerably below 486, namely, to 410. 

Here, then, was the dilemma; The entire chemical behavior of the 
unsaturated hydrocarbon speaks forcibly, almost exclusively, in favor 
of the trivalency of carbon. The only argument against this interpreta¬ 
tion is the dimolecular state of the compound, one single physical constant. 
It did not seem, however, impossible to reconcile this apparent contradic¬ 
tion between the molecular weight, on the one hand, and the entire chemical 
behavior of the compound on the other hand. We have numerous ex¬ 
amples among inorganic, as well as organic compounds, where substances 
in solution possess abnormally high molecular weights, double and triple 
that demanded by the composition and constitution of the compound 
in question. We say, under such circumstances, that the substance 
exists in the associated state, i. e., several molecules unite to form a single 
aggregate. Is it not possible that triphenylmethyl, whatever be its 
molecular weight in the solid state, exists in solution in the associated 
state as dimolecular? Is not water itself polymolecular, the size of the 
aggregate varying with the temperature? Are not the organic nitriles, 
the adds, the addamides di- or poly-molecular in solution ? Is not assoda- 
tion favored by the unsaturated state of the compound in question? And 
is not the assodated state preeminently favored by solvents which lack 
the ionizing power, such, for instance, as the usual organic solvents? 
Why, then, may it not be assumed that triphenylmethyl is, perchance, 
in the assodated state, i. e., dimolecular? To quote from a paper of ten 
years ago:' “The depressions in the i^eezing point obtained with 
naphthalene as a solvent at the elevated temperature of 79-80® suggest 
the probability that at this temperatiue triphenylmethyl exists partially 
in the dissociated monohiolecular state, as the mdecalar weights in this 
* Ber ., 3049 (1904). 
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solvent are 407-420 as against 486 in other solvents. On the assumption 
that such dissociation may exist, be it to ever so small an extent, the be¬ 
havior of the hydrocarbon becomes intelligible: through the action of 
oxygen or of iodine, the monomolecular form reacts first, the equilibrium 
is thus disturbed and it can only be restored through further and further 
dissociation of the dimolecular triphenylmethyl until all the compound 
has reacted/' 

{R,c)n (R3C)2 z;::! RsC. 

Solid Solution 


Dimolecular Formulae .—The dimolecular state of the hydrocarbon 
was, however, the occasion for the suggestion of various structures for 
triphenylmethyl, all intending to do away with the interpretation in¬ 
volving the existence of free radicals. 

(1) Markownikojff,^ in 1902, expressed the opinion that “triphenyl¬ 
methyl ” is in reality hexaphenylethane. Assuming the latter to be ex¬ 
tremely unstable, we can account for its decomposition reactions, by 
oxygen, by iodine, etc. But on what to base the assumption that hexa¬ 
phenylethane must be unstable^ How^ to account for it? No explana¬ 
tion was offered. 

(2) Hcintschel,^ in 1903, suggested that the dimolecular state of the 
so-called triphenylmethyl, as well as its yellow color in solution, can be 
explained, perhaps, by the following formula: 


(C,H,)2C 



C = (CeH,)2. 


(3) Vorlander,^ in 1904, suggested that triphenylmethyl, dimolecular, 
must in some way be different from the actual hexaphenylethane, which, 
if prepared, would turn out to be stable, he believed. And so Vorlander 
put forward the indefinite notion of two isomers: 

[(C6H6)3C]2 (C6H5)3C — C(C6H6)3. 

Bistriphcnylmcthyl, Iiexa- Hexaphenylethane B, 

phenylethane A, unstable stable. 


It is indeed difficult to see the difference between this explanation and 
the notion of molecular combination or association 

(4) Chichibabin,‘‘ in 1904 and 1905, came to the defense of the hexa¬ 
phenylethane constitution. He, like Markownikoff, insisted that hexa¬ 
phenylethane may be expected to be extremely unstable, readily decom¬ 
posable, and consequently the triphenylmethyl is in reality nothing more 
than hexaphenylethane. Among the arguments adduced by Chichibabin 

1 /. Russ. Phys. Chem. Soc., 34, 140 (1902). 

* Ber .» 36, 320 (1903). 

* Ann ., 34i| x (1905); 34 B> i 55 (x 9 o 6 ). 

* Ber ., 37, 4708 (1904); prakt . Chem., 74* 34o (1906). 
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in favor of this view was the weQ-known instability of trimethylene 
and its homologs, and other iomilar analogies, l^he fact that tbe 
saturated compotmd triphenylmethyl iodide gives triphenylmethyl 
peroxide on exposure to air appeared of particular significance to Chichi- 
babin. Why then, said Chichibabin, could not hexaphenyletkane, also 
saturated, give tmder similar conditions the peroxide? Chichibabin 
became a vigorous advocate of the hexaphenylethane formula. 

(5) Jacobson,' 1905, disagrees with Chichibabin, and assigns to tri- 
phenylmethyl the following constitution, which is not unlike Heintschel’s, 
a quinol-like constitution; 

(c,H,),c - 

And, indeed, many of the reactions of triphenylmethyl are not unlike 
those of quinols. 

(6) Flhrscheim^ (1905) thought it is hexaphenylethane, unstable, 
partly broken down into RsC. 

Thus, then, stood the question of the constitution of triphenylmethyl 
at the end of 1905. Leaving out Heinstchel’s formula, there was in the 
field; (i) The idea of the associated molecule, associated but none the 
less in equilibrium with the monomolecular free radical; (2) the hexa¬ 
phenylethane formulation, based upon the assumption that this, unlike 
all other saturated hydrocarbons, is, or rather ought to be, extremely 
unstable; (3) Jacobson’s quinol formula. Bach of these three explana¬ 
tions had followers, but undoubtedly the “free radical” idea was most 
favored, and was most widely adopted. 

- Vn. Constitution, Second Period, 1905-1910. 

We now enter upon the second period of our hypothesis. These ques¬ 
tions presented themselves; Is it possible to show by experimental evi¬ 
dence whether a hydrocarbon of the type of hexaphenylethane is or is 
not stable? Is it possible to test experimentally the validity of Jacobson’s 
suggestion? Upon the nature of the answers to these two questions the 
acceptance or tte rejection of the hypothesis relative to the existence of 
free radicals depended. Let us follow each line of the inquiry separately. 

Phenylated Ethanes. 

One of the fundamental arguments in favor of the probable instability 
of hexaphenylethane was the well-known fact that the uns}rmmetricd 
tetraphenylethane seemed impossible of preparation. Anschiitz* proved 
definitely that all methods, perfectly logical and reasonable in themselves, 
which have been employed by the many investigators to obtain the un- 

‘ Ber ., 38,196 (190s). 

* J. prakt. Chem., 71,303 (1903)- 

* Atm ., S3S, 130 (1886). 
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symmetrical tetraphenylethane, invariably resulted in giving the sym¬ 
metrical compound. 

(CeHOaC — CHaCCeHfi); (CeH5)2CH — CH(C6H5)2. 

Unsymmetrical tetraphenylethane. Symmetrical tetraphenylethane. 

The conclusion became prevalent that the unsymmetrical hydrocarbon 
could not exist, owing to its instability. The cause of such instability 
was implied to be of the same nature as that of the supposed instability 
of tetraphenylmethane, namely, the lack of capacity on the part of a 
carbon atom to hold more than three complex groups. From the pre¬ 
sumed instability of the unsymmetrical tetraphenylethane it was further 
surmised that the more complex hydrocarbons, pentaphenyl- and hexa- 
phenylethane, may reasonably be expected to be still more unstable and, 
consequently, less likely to exist as such. 

In an attempt to improve upon the original method of the synthesis 
of tetraphenylmethane, it occurred to Dr. Cone and myself^ to apply 
the Grignard reaction, being unaware, because of the very brief men¬ 
tion in the Chemiker Zeitung only, that Freund and Beck^ had used the 
same reaction just previous to us: 

(C6H5)3CC1 + BrMgCeHr. = (C6H^)3C.C6H6 + MgClBr. 

The reaction proceeded as expected, but the yield of the desired hydro¬ 
carbon was very unsatisfactory. Again we explained the result to our¬ 
selves by the hazy, but none the less useful notion of steric hindrance, 
i. e., there is but little room left around the same carbon atom for the 
fourth phenyl group. In order to test the plausibility of this explanation, 
it was decided to couple triphenylchloroethane with magnesium benzyl- 
chloride, placing, in this manner, the fourth phenyl group at a further 
distance from the central carbon atom. 

(C 6 H 5 ) 3 C.C 1 + ClMgCHzCfiHs = (C 6 H 6 ) 3 C.CH 2 C 6 H 6 + MgClj. 

It was indeed a most welcome surprise that this reaction did proceed, 
and almost quantitatively, too. We were able to obtain any amount 
of the long-sought-for hydrocarbon. It turned out to be a very stable 
substance, beautifully crystalline, distilling in a vacuum at 270-280*^ 
unchanged, and was oxidized with considerable difficulty by CrOs. All 
in all, this hydrocarbon showed no resemblance to triphenylmethyl. 
Moreover, a revision of some of the methods that have been previously 
employed by others,® and have been reported as unsuitable, convinced us 
that several investigators have actually had this hydrocarbon in their 
hands, but through lack of proper purification did not recognize it as such. 

The next step was to prepare pentaphenylethane. Here a number of 

' Ber,, 39, 1461 (1906). 

* Chem. Ztg,, 1905, 768; Ber., 39, 2237 (1906). 

* Hanriot and Saint Pierre, Bull. soc. chim., [3] i, 774 (1889). 
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difficulties were eucouutered. But finally this hydrocarbon» too, was 
prepared, by the action of magnesium upon a mixture of triphenylchloro- 
me^ane and diphenylbromomethane: 

(C6H5)aCCl + Mg + BrCHCCeHfi)* « (C6Ha)8C—CH(C«H5)2 + MgClBr. 

So far as we could notice at the time, pentaphenylethane presented no 
resemblance to the elusive tripheiiylmetiiyl. True enough, we noticed 
that on heating the hydrocarbon to its fusion point, 180®, some decomposi¬ 
tion occurred. But on the other hand, we encountered no difficulty in 
recrystallizing pentaphenylethane from various solvents; no oxidation 
on exposure to air was observed. 

The successful preparation of the two higher phenylated ethanes, above 
described, made it now seem more probable than ever that the hypothetical 
hexaphenylethane ought also to be a stable compound and that it also 
could be prepared if only the conditions^requisite for this process could 
be foimd. Alas, neither we nor anyone else of the many who have tried 
it have till this day found the requisite conditions. Hexaphenylethane 
still remains a figment of the imagination. And so the idea began to take 
root more and more generally, that, after all, there is no difference between 
the so-called triphenylmethyl and the hexaphenylethane, that the former 
is in reality the latter. Add to this the insistent emphasis which Chichi- 
babin' laid upon his discovery that pentaphenylethane is, after all, not so 
very stable, that it is decomposed by hydrochloric acid at 150®, and that 
it absorbs oxygen at its melting point, at 180°—and you have at least a 
formal analogy, if not a real one, between pentaphenylethane and tri¬ 
phenylmethyl. That the analogy is purely formal can hardly be doubted. 
The difference is so great between the surpassing susceptibility of tri¬ 
phenylmethyl on the ope hand, and the violent conditions necessary for 
the decomposition of the pentaphenylethane on the other hand, that one 
is equally justified in emphasizing the lack of analogy between these two 
hydrocarbons as the existence of the analogy, depending entirely upon 
tile subjective view point. 

Be that as it may, these two factors taken together, the failure to pre¬ 
pare a stable hexaphenylethane and the apparent lesser stability of penta¬ 
phenylethane than was attributed to it, tiiese two factors had much to 
do with shaking the confidence of chemists that hexaphenylethane, as 
such, ought to be a stable substance and unlike triphenylmethyl. Hence¬ 
forth the hexaphenylethane constitution for triphenylmethyl began to 
appear in the literature more frequently, at least as one of the more prob¬ 
able constitutions. It is self-evident that such a constitution could at 
best account for the colorless triphenylmethyl alone, the existence of the 
‘ Ber,, 40, 567 (1907). Compare also Cone and Robinson, Ibid,, 40, 2160 (1907); 
Schlenk and Herzenstein, Ibid., 43, 3542 (1910); Norris, Thomas and Brown, Jbid,^ 
43 f 294s (1910). 
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second, colored modification being explicable only with the help of some 
additional hypothesis. 

Quinol Formula of Jacobson^ 

(COl*). « C = / 

Competing with the hexaphenylethane hypothesis for recognition as 
the constitution of .the dimolecular triphenylmethyl was the quinol formula 
of Jacobson, suggested in 1905. Unfortunately the author of this sugges¬ 
tion, like the defenders of the hexaphenylethane constitution, apparently 
took no cognizance of the fact, at that time well established, that there are 
two modifications of triphenylmethyl, the colorless and the colored. 
Which of these two should be represented by the quinol formula? If it 
be the colored modification, as was probably intended by Jacobson, how 
to account for the remarkable? facility with which it isomerizes into the 
colorless modification through merely evaporating the solvent? It is an 
axiom with organic chemists that the presence of a “quinone*' ring in the 
molecule imparts to the compound the attribute of the color. Whether 
the presence of a quinol ring may exert a similar influence was by no means 
certain at that time. Indeed, the known facts pointed to the contrary.' 
For this reason the writer^ did not favor the quinol formula until after 
the experiments described in the following pages had clearly demonstrated 
that triphenylmethyl behaves as if it actually contained some kind of a 
quinoid nucleus. And later, when the quinol hypothesis, modified, was 
adopted by the writer, it was only in order to explain the constitution of 
the colored modification, and not of the colorless isomer. 

In deciding to subject the validity of this quinoid hypothesis to the 
test of the experiment, we were guided by the following idea:^ Suppose 
we start with the mono-p-bromotriphenylmethylchloride, and allow 
metallic silver to act upon it. On the basis of the quinol hypothesis the 
first step of the reaction must consist in the formation of a triphenyl¬ 
methyl analog, the constitution of which, in solutioHy must be one of 
the two: f 


(C,H*), = C = 




Cl + Ag 




(C,H.):v /H 


/"V 


' Zinke and Kriigener, Ann., 330, 68 (1904); Ann., 330, 189 (1902). 

• Ber., 38, 2457 (190s). 

• Gomberg and Cone, Ber., 39, 3274 (1906): Gomberg, Ber., 40, 1880 (1907). 



II. GOlUBSltG. 


1158 

If there be any doubt which of these two reactions, I or II, are likely 
* to take place, one may start with a triarylmethyl halide that contains a 
para bromine atom irt each of the three nuclei, as has been done in later 
experiments. But let us consider the simple problem, when there is only 
one brominated nucleus, and let us assume that the quinoidation takes 
place exclusively in the substituted ring. It is evident that the bromine 
atom in the quinone nucleus must now become labile, since the stabilizing 
effect of the benzene or ‘ ‘ aromatic * * nucleus is now wanting. Consequently 
this bromine atom should be easily taken out by metallic silver. On the 
basis that the reaction is quantitative, it can be readily seen, the silver 
will remove first of all one atom of carbinol-chlorine from each molecule 
of bromo-triphenylchloromethane, with the subsequent formation of com¬ 
pound I; and now, from the latter, the silver can take out only one bromine 
atom, and not the two. In other words, each brominated triphenyl- 
chloromethane can in this process lose no more than one and one-half atoms 
of halogen, one atom of chlorine and one-half atom of bromine. Now, 
we have tested these presuppositions on a large number of examples, and 
found this rule to hold absolutely true: the amount of halogen removed, 
over and above the carbinol-chloride, is always V2 atom. You will ask, 
what results, if the one atom of bromine in the quinone nucleus is taken 
out? The answer is, we get once more a compound containing a trivalent 
carbon atom—still an unsaturated radical—and this in its turn may com¬ 
bine with another like radical and give rise to a compound of similar qui- 
noid formulation, but twice as complex. Suffice it merely to state here, 
that we calculated how much bromine one may expect to remove if two, 
and also if all three nuclei contain bromine in the para position; and the 
calculated amounts, */4 and of an atom, coincided to a remarkable 
degree with the quantities actually found at that time. All subsequent 
work confirmed these results.^ 

The above results seemed convincing that a quinoid constitution of 
some nature for the colored modifications of triphenylmethyl mu^ and 
should be taken into account. However, by themselves, these results 
did not suffice to prove the correctness of the quinol formula. But strong 
corroborative evidence was soon obtained, evidence which proved the 
validity of the method described above and which also made it obvious 
how a colorlesss modification may, through tautomeric changes, give rise 
to a colored triphenylmethyl. Such evidence was supplied by the study 
of the quinocarbonium sfilts. 

Quinocarbonium Salts, 

The probable quinoid character of triphenylmethyl threw a flood of 
light on many phenomena which were at that time subjects of much 
^ Ber„ 39, 3294 (1906); Ibid., 40, 1886 (1907); Ann., 370, 181 (1909); /Wrf., 376, 
208 (1910); Oomb^g and Von ^yke, This Journal, 3a, 538 (1911). 
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debate. Baeyer strenuously opposed Kehrmann*s view that the colored 
solutions of triphenylcarbinol in strong acids are due to the formation 
of quinoid salts of the type II, rather than of benzoid type I. 

(I) (C«H6).,C~S04H (II) = 

In the light of the results with triphenylmcthyl our adherence to 
Baeyer's view began to waver. We then undertook to test the validity 
of these views by the same method that was employed in the case of tri- 
phenylmethyl. Contrary to Baeyer’s previous findings, the verdict of 
our experiments was positive; these salt-like bodies were proven to be quin¬ 
oid in their constitution. 

When triphenylchloromethane or any of its analogs is treated with 
Ag2S04 a double transposition takes place. Silver chloride precipitates 
out and triphenylmethyl sulfate is formed. This reaction is best carried 
out in methyl sulfate as the solvent, since the triarylmethyl sulfates are 
soluble in it. But, notice: while the chlorides are colorless, the sulfates 
resulting from them are intensely colored. This in itself is strongly sug¬ 
gestive that the sulfates must have a different constitution than the chlor¬ 
ides. And because of the color attribute the assumption is reasonable 
that the constitution of the sulfates is presumably quinoid. 

(C,H.),C Cl + Ag..S04 —► (C.H6)2 = C = / 

Positive proof in regard to the quinoid character of the sulfates was 
found in the behavior of para-brominated triphenylmethyl chlorides. 
We found, namely, that when /?-bromotriphenylcarbinolchloride is sub¬ 
jected to the action of Ag2S04, the reaction consists in removing not only 
the “carbinol" chlorines, but equally so the “nucleus’' bromine.^ The 
interpretation can be none other than this: 



• V 


-Br AgiS04 


^ci y®*" Agiso4 y 

(C4H5)2 * c » - ^ ^ \—/\ 


SO4 

‘SO4 


To fully appreciate the cogency of this argument in favor of the quinoid 
constitution of the sulfates, one must bear in mind that p-brominated 
triphenylcarbinols are entirely unaffected by Ag2S04—they remain colorless 
and their nucleus bromine is not taken out. The sulfates, therefore, differ 
from the corresponding carbinols not merely in possessing color, but in 
acquiring at the same time a change in the brominated nucleus, a change 
1 SO4 « one-half equivalent. 

* Ber,, 40, 1847 (1907); Gomberg and Van Slyke, This Journal, 3a, 540 (1911). 
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which indicates that the nucleus which contains the bromine atom has lost 
its stability—and is consequently no longer the true benzene nucleus. 

Having thus connected positively by actual experimental evidence the 
color-formation of the sulfates vriith their simultaneous acquisition of the 
quinoid state, the attention was next directed to the chlorides. In the 
early part of this pap^ it has been mentioned that triphenylchloromethane 
and its analogs chssoive in liquid sulfur dioxide with pronoimced color 
and behave in this solvent like true salts. On the evaporation of the sol¬ 
vent the original colorless chloride is again obtained. The question arose, 
may not the production of color be accompanied also in this instance by 
the conversion of the chloride while in solution in liquid sulfur dioxide, 
to the quinoid state: 

(C,H.),C.CI ^ (C,H.),C - ^ 

Is it not probable that the triarylmethylchlorides may exist in two tau¬ 
tomeric forms—^benzoid and quinoid, depending upon the nature of the 
solvent? 

It now appeared possible to settle this question by experiment.* 
p-Bromotriphenylchloromethane was dissolved in benzene, ether, and 
toluene. The solutions were colorless. They were shaken with carefully 
dried silver chloride for days and weeks, but not the slightest change oc¬ 
curred. But when the same reaction was carried out in liquid sulfur 
dioxide as the solvent, then there was found to take place a complete ex¬ 
change of the Br by the chlorine of the silver chloride and on evaporating 
the solvent />-cfcZofotriphenylmethylchloride was obtained. This admits 
of only one interpretation: 

Evaporation of SOi (C«H»)jv ^ 

/x ► •/— 

=/ \ci a/(iv)\=/ 

Later, still more incontrovertible proof in favor of the quinoid character 
of the colored triarylmethylchlorides was obtained. The following idea 
suggested itself: If it be true that ^-bromotriphenylmethylchloride in 
liquid sulfur dioxide is in the quinoid state (II), then the two halogen atoms 
must become of equal function in the molecule, both being now linked to 
one and the same carbon atom in the quinoid nucleus. Therefore, on the 
evaporation of the solvent and in the consequent restoration of the ben- 
zenoid form, the bromine will have an equal chance with the chlorine to 
shift to the carbinol carbon atom. The restilt must be the formation of 
some p-cklorotriphenylmethylbromide as well as of the original p-bromo- 
> Ber., 40, i860 (1907): Am., $70 ,190 ^909): 37 *i *08 (1910). 



THE EXISTENCE OE FREE RADICAI.S. 


Il6l 


triphenylmethylchloride, the relative amounts of the two depending 
upon their possible relative solubility. Experiment completely verified 
this presupposition.^ Merely dissolving compound I in liquid sulfur 
dioxide and then allowing the latter to evaporate, induces the chlorine and 
bromine to exchange their relativ'e positions. 

Thus, the evidence seemed indisputable that the .color formation of the 
sulfates and the chlorides is intimately connected with the change of the 
benzenoid to the qiiinoid form. Furthermore, since the manifestation 
of color and the salt-like properties of these substances are also simulta¬ 
neous, the conclusion seems warranted that both of these phenomena are 
results of one and the same cause, 2. e\, tautomerization to the quinoid 
state.^ Consequently, these salts were named quinocarbonium salts, 
corresponding to the hypothetical quinocoxhonmm bhse: 


(CeHsjaC.OH 





Carbinol, pseudo-hase 


Quinocarbonium base 


For obvious reasons the basicity was now assumed to lie in the quinone 
nucleus, in the C*, and not in the central carbon atom as had been originally 
supposed. It may also be added, that lately a number of the carbinols 
themselves were found capable of existing both in the quinoid state as 
well as in the benzoid.^* Hence quinocarbonium bases themselves are no 
longer hypothetical bases. 

The pursuit of this new idea, as to the function of the quinoid nucleus 
in imparting basicity to the molecule, was so alluring, and seemed to prom¬ 
ise so much, that the subsequent work led us further and further away 
from the original problem, i, <?., from the immediate problem of the con¬ 
stitution of triphenylmethyl. It led us into the realm of the carboxonium 
and carbothionium salts, into that of various other oxonium salts and we 
found ourselves in opposition to the prevailing ideas as regards the tetra- 
valencj^ of oxygen in these classes of substances. 

The Equilibrium Formula, 

Whether our speculations respecting the valence of oxygen and the 
basicity of carbon be correct or not^ may be left out of the present discus¬ 
sion. The significant conclusions from the results just described are these: 

(i) Triphenylmethyl, in solution, behaves as if it had the quinol struc¬ 
ture, either as a temporary phase or as one in equilibrium with some other 
phase. (2) Compoimds of the type R3C — X possess the tendency to 


^ Ber., 4a, 406 (1909). 

* Compare Hantzsch, Ber., 39, 2478 (1906), 

* This Journai., 351 1135 (1913). 

* Anschtitz, in the eleventh edition of Richter's Chemistry (1913). adopts the quinoid 
constitution of these salt-like compounds, as advocated in this paper. 
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tautomerize to the quinoid modification R2C 



(3) Since 


the nature of the group X may apparently vary within wide limits, then, 
as a corrolary to the second conclusion, it follows that hexaphenylethane, 
, considered as a triphenylmethane derivative, may also possess the ten¬ 
dency toward tautonierization, and in this manner give rise to a compound 
of the quinol constitution: 



While these new facts demanded, undoubtedly, some modifications in 
the simple monomolecular constitution as originally assigned to triphenyl- 
methyl, they did not seem of such a^ature as to set aside entirely the *‘tri- 
valent carbon** hypothesis. Whether we assign to the dimolecular triphenyl- 
methyl the constitution of an associated molecule, or of hexaphenylethene, 
or of a quinol, the chemical reactions of the unsaturated hydrocarbon are 
explicable only if we assume that it possesses the capacity to dissociate 
into free radicals. This, in my opinion, was to remain an essential part 
of whatever explanation might be advanced in order to account for the 
enigmatical behavior of this class of compounds. We need only to assume, 
and this assumption is perfectly consistent with the facts outlined above, 
that the tendency towards tautomerization is not limited to the triphenyl¬ 
methane compounds alone, wherein C is tetravalent, but is also shared by 
the triphenylmethyl radical itself: 

(c,H.),c • (qh.). - c - 

We then arrive at an explanation which embraces all the factors that 
enter into the discussion: The unsaturated character of triphenylyiethyl, 
the existence of the two, colorless and colored, modifications, the dimolec¬ 
ular state in solution, the probability of the quinol-like constitution, 
and lastly, even the possible existence of an unstable hexaphenylethane: 

(I) Associated molecule (RjC)n RiC CRa (IV) Hexapbenylethane. 



This explanation assumes triphenylmethyl to exist in solution in various 
phases of constitution, all in equilibrium with each other. It accounts 
satisfactorily for all the facts. It becomes a matter of comparatively 
little consequence whether the colorless modification is assumed to be 
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associated triphenylmethyl or hexaphenylethane. Either one would tend 
to give, in solution, the dimolecular triphenylmethyl of the quinol type, 
namely, the associated molecule through dissociation and hexaphenyl¬ 
ethane through tautomerization. And the quinol thus produced must 
be in equilibrium with its products of dissociation, that is, with the two 
tautomeric free radicals. In other words, we can accept the quinol formu¬ 
lation as an ihtermediate phase only, and even then provided that at the 
same time we attribute to such a quinol the capacity to dissociate into the 
two free radicals.^ It is the actual existence of these free radicals that ac¬ 
counts for the strange behavior of triphenylmethyl. It matters little 
whether the equilibrium be largely in favor of II, III, or IV, for it is a 
mobile, a tautomeric equilibrium. And as such it tends to restore itself 
as the one or the other phase is used up in a particular reaction, until the 
whole has reacted. Indeed, the relative equilibrium between II, III, and 
IV may be expected to vary with the nature of the solvent, with the 
temperature, and with the nature of the individual triarylmethyl under 
consideration. 

Two Modifications of Triphenylmethyl in Solution. 

Our attention should now be directed to a paper by Schmidlin,® in 1908, 
which must be considered as one of the most important contributions in 
this field. 

The puzzling fact that the colorless triphenylmethyl gives colored solu¬ 
tions was first® attributed to possible slight oxidation. But it was soon 
definitely settled, in 1902, that ‘Triphenylmethyl was white when freshly 

prepared.While colorless itself, the solutions of triphenylmethyl are 

always yellow, no matter what solvent be employed.’*^ From that time 
on attention was repeatedly® called to this fact, i. e., to the existence of 
these two modifications of triphenylmethyl, easily convertible into each 
other merely through changes of phase from solid to solution or vice versa. 
Schmidlin, however, observed that solutions of the colorless hydrocarbon 

^ Gbmberg, Ber \ 40, 1880 (1907); 46, 228 (1913). In presenting the above '"equi- 
librium formula” for the first time, the writer called attention to the fact that such 
a formulation is consistent with the facts whether we look upon the dissociation products 
as ions or as free radicals. The ionic interpretation became the one most widely adopted 
(J. Schmid, F. Henrich, Stewart, Fehling*s Dictionary, etc.), although the writer him- 
tdf clearly gave preference to the free-radical conception: “Die Hypothese bezilglich 
der Bxistenzfahigkeit von freiem Triphenylmethyl hat demnachdenbesonderenVorteil, 
dass wir alle Reactionen des Kohlenwasserstoffs erklaren kdnnen, ohne die lonisations- 
theorie soweit ausdehnen zu miissen, das sie zu nichts anderem als zu einem leeren 
Spiel mit Worten wird.” (Her., 40, 1884.) 

* Rff., 41, 2471 (1908). 

* Am , Chem , 7 ., 25, 335 (1901). 

^ This Journal, 24, 602 {1902); Ber ,, 35, 1825 (1902). 

* Ber., 3$, 2403, 2407 (1902); This Journal, 25, 1276 (1903); Ftfr., 36,3929 (1903); 
37, 2047 (1904); 38 > 2455. 2437 (1905); 40 f 1880 (1907)- 
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are at first also colorless, but acquire color only after a few seconds* stand¬ 
ing. Following up the observatioUi he was able to establish definitely 
that the colorless triphenylmethyl is only partially converted into the col¬ 
ored modification, that even in solution the two modifications exist side 
by side, in equilibrium with each other. He found that this equilibrium 
is greatly influenced by the nature of the solvent, by temperature, etc.,^ 
and that imder ordinary conditions the equilibrium is approximately 
one part of the colored to nine parts of the colorless modification. 

Schmidlin also proved that of the two forms the colored modification 
is by far the more reactive. Thus, when a yellow solution of the hydro¬ 
carbon is shaken with air, the color disappears through the conversion 
of the colored hydrocarbon into the colorless peroxide. But in a few sec¬ 
onds, the yellow color of the solution reappears, due, of course, to the trans¬ 
formation of some more colorless into the colored modification of tri¬ 
phenylmethyl until the equilibrium is again restored. 

These important results of Schmidlin did not, of course, invalidate in 
the least the theoretical conclusions in regard to the constitution of tri¬ 
phenylmethyl that have been set forth in the preceding pages, for these 
conclusions invariably took into consideration the existence of two modi¬ 
fications of triphenylmethyl. But Schmidlin's results did emphasize in 
the most striking manner that the relation of these two modifications to 
each other is even more intimate than had been previously supposed, 
and they also served to emphasize again that no constitution of triphenyl¬ 
methyl could be considered satisfactory which did not account for the ready 
transformation of the two modifications into each other. 

I 

Tentative explanations in regard to the relation between the two modi¬ 
fications of triphenylmethyl were not lacking. In 1902“ it was ascribed 
to the ionization of the hydrocarbon in solution into two oppositely 
charged ions, R3C'^, RsC^". In 1905, a simple suggestion was made by Flfir- 
scheim,^ namely, that the colorless hexaphenylethane dissociates in solu¬ 
tion into colored free radicals, triphenylmethyl. In 1966,^ for the first 
time, positive experimental evidence- was obtained that the chinge of the 
colorless into the colored form is accompanied by the production of some 
kind of a quinoid constitution. In the same year, a little later, but inde¬ 
pendently, Chichibabin* suggests the possible existence of tautomerism 
between hexaphenylethane and some kind of colored quinol, according^ 
to Heintschel or to Jacobson; but on the next page, in the same paper, 
he cites evidence which, he thinks, ^*spricht gegen die quinoiden Structur- 

^ It varies also with concentration of solution (Piccard, Ann,» 381, 347 (1911)). 

* Gomberg, Ber., 35, 2403 (1902); 40, 1882 (1907). 

• J. prakL Chem., 71, 505 (1903). 

♦ Gomberg, Ber,, 39, 3297 (1906). 

* /. prakt, Chem,, 74, 342 (1906). 
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formeln des Triphenylmethyls/* an opinion which he most strongly upholds 
in his next paper. ^ In 1907, based upon evidence from extensive experi¬ 
ments, the ‘‘equilibrium formula** was suggested, i, associated molecule 
(or hexaphenylethane) —> quinol —free tautomeric radicals; the 
production of color being due either to the dimolecular quinol or to the 
quinoid monomolecular radical. 

The “equilibrium formula** is in full harmony with the facts known up 
to the present, but the explanation—^hexaphenylethane —triphenyl- 
methyl, is finding a wider acceptance, largely because of its simplicity. 

We have now readied the end of the second period of the hypothesis 
relative to the existence of free radicals. During this period the tri¬ 
valency hypothesis still had its adherents. Werner (1906), Schmidlin 
(1908), Wieland (1909), and many others spoke in favor of it. And yet, 
on the whole, the majority of chemists, I think, came to look upon tri- 
phenylmethyl either as unstable hexaphenylethane, or as a quinol, some 
admitting probable partial dissociation into radicals or ions, others refusing 
to admit it. Anschutz, in the tenth edition of Richter*s Organic Chem¬ 
istry (1905), gives equal weight to the two interpretations, the free radical 
and hexaphenylethane. W. A. Noyes, in the German edition of his Or¬ 
ganic Text (1907) speaks of it as hexaphenylethane. Nernst, in the fifth 
edition of the Theoretical Chemistry (1907), leaves out the mention of 
the trivalency of carbon which was recorded in the preceding edition. 
Henrich, in the first edition of his ''Anschauungen uber organische Chemie'' 
{1908), gives preference to the equilibrium idea. So does Stewart in his 
“Recent Advances in Organic Chemistry*’ (1910). HoUeman-Walker, 
in the third English edition (1910), are undecided between triphenyl- 
methyl and hexaphenylethane. Jacobson and Stelzner, in the second 
edition of Meyer and Jacobson’s Lehrbuchy speak of triphenylmethyl in 
the early part of the first volume (p. 65, written in 1905), as a free radical, 
but in the latter part of the first volume (p. 788, written in 1907), as a 
substance of double the molecular weight, with probable dissociation 
into parts. Many other similarly divergent views could be cited. 

Vin, Constitution, Third Period (1910-). 

Monofnolecular Triarylmethyls .—^As the hexaphenylethane and the 
quinol constitution were gaining ascendency over the simple triphenyl- 
methyl idea, and all because of the double molecular weight, and as the 
actual reality of free radicals was appearing to many more and more du¬ 
bious, a paper by Schlenk,* 1910, gave a new turn to the subject. 

In studying analogs of triphenylmethyl, he prepared the following 
compounds: 

»Ber., 40, 3970 (1907)* 

• Sdilenk, Wcickd u. Herzenstein, Ann,, 37a» i (1910); Ber„ 43, 1754 (1910). 
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He found that these analogs resemble triphenylmethyl itself in every 
characteristic. They are colored, the intensity increasing with the number 
of W-phenyl groups; they are unstable, readily absorb oxygen from the 
air and form peroxides, etc. But when the molecular weight of these un¬ 
saturated triarylmethyls was determined he found, unexpectedly, that 
'some of these hydrocarbons exist largely as monomolecular. To be more 
specific: The tri-W-phenylmethyl was found to be entirely monomolecular ; 
tile di-W-phenyl, to the extent of 8o% monomolecular; and the mono-6t- 
phenyl only to the extent of 15%. 

There can be but one inference—^these compounds exist as free radicals. 
And as the characteristic reactions of these bodies are entirely similar to 
those of triphenylmethyl itself, the reactions of the latter must also be 
due to the presence of more or less of the actual, free, triphenylmethyl 
radical, whatever its immediate predecessor. The supposed existence of 
free radicals, with carbon trivalent, becomes therefore indisputable. 

With the recognition of the highly important fact that some triaryl¬ 
methyls exist as wholly monomolecular the only serious obstacle and 
argument against the hypothesis of free radicals vanished. Soon after 
that, many other analogs of triphenylmethyl were found to be mono- 
molecular.^ 

Attention was now again directed to the molecular weight of triphenyl¬ 
methyl itself. The molecular-weight determinations that have been made 
in 1904® indicated that at least in naphthalene monomolecular triphenyl¬ 
methyl may be assumed to exist as such. Wieland* now computed that 
the amounts of the monomolecular hydrocarbon, as calculated from these 
molecular-weight determinations—17% in naphthalene, 5% in benzene— 
are of the same order of magnitude as the equilibrium ratio between the 
colorless and the yellow modification in solvents as found by Schmidlin. 
From this he draws the inference that the yellow modification is in reality 
monomolecular triphenylmethyl. Later, Piccard,^ Schmidlin,® and also 
Schlenk and Mair,® emplo3ring diverse methods, arrived at the conclusion 

^ Schlenk and Rennig, Ann., 394, 180 (1912); Chichibabin and Korjagin, J. prakU 

Chm.t 88, 516 (1913)* 

• Gomberg and Cone, B«f., 37, 2037 (1904). 

•Ber., 43, 3029 (1909). 

^ Ann., 381, 347 (1911). * 

45*3180 (1912). 

^ 3^1 179 (1912). 
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that all solutions of triphenylmethyl contain actually monomolecular 
triphenylmethyl, the amount of this in benzene at 80° reaching 25-30% 
of the whole amount of the hydrocarbon dissolved. 

Some Unsettled Questions, —But while the existence of free radicals, with 
carbon as trivalent, is thus firmly established, some of the minor features 
of this subject are not as yet as completely cleared up as one might judge 
from the current literature. 

It has become customary to speak of the colorless triphenylmethyl as 
hexaphenylethane, in distinction to the colored modification as the actual 
free radical. But how vastly different is this modern conception of hexa¬ 
phenylethane from the older idea! The new hexaphenylethane is ^a 
altogether different substance from what has been implied by that term 
before. Unstable it still is, and is indeed very easily broken down by a 
variety of reagents, but more than that: even if no extraneous force be 
present to break it up, the hydrocarbon still decomposes spontaneously 
in virtue of its inherent tendency to dissociate into two halves. And so 
we come in the case of hexaphenylethane to the same fundamental idea 
which the writer applied to the quinol formula. The quinol constitution, 
too, seemed acceptable as an intermediate phase only on the condition 
that the hydrocarbon be considered as possessing the capacity to dissociate 
spontaneously into two dissimilar free radicals. We mean real, actual 
dissociation, where the products are not of a fleeting temporary nature, 
but where they are entities and have a lasting existence. It is indeed far 
more probable, as we have expressed it in the equilibrium formula, that 
both the hexaphenylethane and the quinol formulae are but two tautomeric 
modifications of one and the same constitution, and that in solutions of 
the hydrocarbon, both exist side by side in equilibrium with each other. 
The results of the experiments described in the earlier part of this paper, 
the facility with which ^-halogen in triarylmethyls can be removed 
must, in some way, be accounted for. The hexaphenylethane constitution 
does not explain them; but hexaphenylethane tautomerized accounts for 
those results completely, as completely as does a physically associated 
dimolecular molecule. 

There is still another uncertainty which requires further study. It 
is now definitely established that the colored modification of triaryl¬ 
methyls is monomolecular, and this applies even to those in the solid state, 
as for instance, to tri-6i-phenylmetliyl. There is no better way at present 
at hand to explain this than by attributing to triphenylmethyl itself, as 
is done in the equilibrium formula, the capacity to undergo the same kind 
of tautomerization to the .quinoid state as so many of its derivatives 
undergo. To say, as is being done, that hexaphenylethane is colorless 
and a radical with carbon in the trivalent state is ctSlored, is to assert 
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something for which at present there is no anology. Such a statement 
is not an explanation. It is an assertion which may be right, or wrong. 

But after all, these are minor points. The really important issue— 
the existence of free radicals, the trivalency of carbon—that has been es¬ 
tablished. 

IX. Analogs of THphenylmethyl. 


As has been mentioned in the introduction, triphenylmethyl is but an 
example, the simplest and most completely investigated example, of the 
class of the triarylmethyls. No systematic study of any particular sub¬ 
group of such free radicals has as yet been made or undertaken. The 
e^listence of about thirty-five free radicals has been demonstrated in our 
laboratory and as many more in other laboratories, and there is no reason 
to doubt that this new class of compounds will, in time, become fully as 
extensive as the classes of alcohols, ketones, acids, etc. Such instances 
of free radicals as are at present known, have been prepared with the idea 
to elucidate some definite feature of theoretical interest. It is now well 
established that the three aromatic groups around the central carbon atom 
may vary to any extent-—some may be nitro-phenyl groups, or hydroxy-, 
.methoxy-, bromo-, carboxy-phenyl, or they may be naphthyl groups. 
Also, as has been recently shown in our laboratory,’ one of the three aro¬ 
matic groups .may be replaced by a non aromatic thienyl group, C4HSS. 
Furthermore, free radicals with a trivalent carbon atom have been ob¬ 
tained from compounds which belong to the following well-known series: 


Anthracene series 


Indene series, 


Xanthone series 


Thioxanthone series 


Acridine series 




1 Gomberg and Jidding, This Journai,, 3$, 446 (1913). 

*'Uebermann, Ber., 37, 3340 (1904)- 
’ Xobler, Am. Chem. 40, 217 (1908). 

* Gomberg and Cone, Ann., 370, 142 (1909); Gomberg and West, This Journai«» 
34 i *529 (19*2)* 

* Gomberg and Cone, Ann., 376, 183 (1910). 

* Cone, This JoiSlnai,, 34 i 1703 (<912); and results to be puMtshed soon. 
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Benzopheiione sulphone series 


Diaryl-phenoxymethyl 


Aromatic ketones .. . . 


Naphthalene series containing the group 


Thio-indigo series 



X. Historical. 


Gay Lussac, in 1815, began his important studies upon cyanogen 
derivatives. He obtained cyanogen itself from mercuric cyanide and de¬ 
fined it as “a compound radical,’* functioning in its derivatives in the 
same manner as the elements, or “simple radicals,” do in their derivatives, 
respectfully. According <to Gay Lussac’s idea cyanogen (CN), was a 
jree radical. Dumas and Boullay later, in 1828, extended this funda¬ 
mental notion of the existence of free radicals to organic, compoimds. 
They set up tlie theory that “etherin,” —C2H4— , is the “compound 
radical” from which alcohol, ether, chloroethane, etc., are derived. In 
support of their contention they pointed to the existence of this radical 
in the free state, the gas ethylene. Liebig and Wohler, 1832, published 
their memorable paper upon the “benzoyl radical.” They defined a 
radical very much as we do now, “a never varying constituent of a series 
of compounds.” Liebig did not oppose the idea concerning the existence 
of free radicals. On the contrary, he even predicted the possible isolation 
of alcohol radicals, which might be effected by the action of potassium 
on the iodides of such radicals. Berzelius and Dumas joined Liebig for a 
time, and their efforts were turned to discovering new radicals. Organic 
chemistry came to be defined as the chemistry of compound radicals. 
Much support was added to this view by the remarkable work of Bunsen. 
Between 1839 and 1843 he prepared various derivatives of “cacodyl,” 
the chloride, the oxide, etc., and also the cacodyl itself, which he con¬ 
sidered as a free radical, As(C2H6), and to which was later given the more 
specific constitution As(CH8)2. Then followed the important work of 

' From results to be published soon. 

* Wieland, Ber., 44, 2350 (1911). 

^ Schlenk and Weickel, Ber, 44, 1182 (19^); 2840 (1913)- 

* Pummerer, Z, angew. Chern,, 3^ 549 (19*3). • 

* Kalb and Bayer, Ber., 46, 3881 (1913)- 
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Prankland, and of Kolbe, 1849-1850. The former claimed to have 
isolated the radicals —methyU ethyl, etc .—^by the action of zinc upon the 
corresponding iodides, while Kolbe obtained the same radicals by the 
hydrolysis of the sodium salts of acetic, propionic and such acids. In 
vain did Gerhard and Laurent insist that the molecular formulas of all 
these so-called free radicals must be doubled, in accordance with 
Avogadro’s hypothesis. The existence of free radicals was generally 
accepted as late as 1865, fifty years after Gay Lussac’s introduction of 
this idea into chemistry. Even Kekul^ for a time considered Frankland’s 
**methyl** as distinct from ethane. But in 1864 Schorlemmer showed by 
experimental evidence that Frankland’s and Kolbe*s methyl and ethyl 
were nothing else than ethane and butane. From that time on, the 
question relative to the existence of free radicals was never seriously 
raised until the discovery of triphenylmethyl. 

How parallel these two periods in the history of chemistry are! Now, 
as then, a methyl was prepared by the abstraction of halogen from the 
corresponding alkyl-halide. Now, as then, it was found that the molec¬ 
ular weight of the product must be doubled. But now, unlike as in the 
period of fifty years ago, it was possible to show, by physical and chemical 
evidence, that the product which results from the coupling of the radicals 
is at best unstable. It was possible to show that it does not retain its 
individuality,* but tends to break down again and is in equilibrium with the 
truly free radicals. And so we find ourselves obliged to reintroduce the 
conception of free radicals, and also to introduce the supplementary 
notion of organic substances existing under certain conditions in a state 
of actual dissociation. 

What the future holds in regard to this new revival of the much disputed 
question is difficult to foretell. As a working hypothesis it has fully 
justified its existence, it has opened a new branch of organic chemistry, 

Amn Arbos. Mich. 

SITNTHESIS OF DEPSIDES, LICHEN-SUBSTANCES AND 

TANNINS. 

By Eiui. FiscBBK.i 
Received April 30, 1914. 

Gentlemen: 

The substances mentioned in the title are ester-like derivatives of the 
phenol carbonic acids, to which belongs gallic acid, so widely distributed 
in the plant kingdom and discovered in 1786 by C. W. Scheele, as well 

* Address delivered before the Naturforscher-Versammlung, Vienna, Sept. 23, 
1913; and published in Ber., 46, 3253-89 (1913)- Translated by Prank Rose Elder, 
Columbia University^ and published here through the courtesy and with the consent 
di Excellent Fischer and of the editors of the BerichU. 
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as the famous remedy salicylic acid, and which, therefore, are interesting, 
not alone to chemists, but also to the plant physiologists and the medical 
profession. Their study occupies a large space in the history of the aro¬ 
matic group, and it gives me pleasure to refer to the fact that, at no place, 
so much has been worked out concerning these substances as right here 
in Vienna. It suffices to recall the investigation# of F. Rochleder, H. 
Hlasiwetz, L. Barth and recently of J. Herzig and his students. 

These phenol carbonic acids possess, among other properties, the ability 
to form ester-like anhydrides with one another, in such a manner that the 
carboxyl of the first molecule unites with the phenol group of the second. 
As the simplest example, I would cite the first anhydride of hydroxy- 
benzoic acid: 

HO.C6H4.CO.().aH4.COOH 

By similar coupling of a third molecule of hydroxybenzoic acid the fol¬ 
lowing system results: 

H().CeH4.C().O.C6H4.CO.C).C6H4.COOH 

Such ester-like anhydrides, Freudenberg and I have named' “depsides.*' 
The word is derived from the Greek 8e'\l/€LP (to tan), because many of 
these substances show resemblances to the tannins. According to the 
number of phenol carbonic acids which are coupled together, one distin¬ 
guishes didepsides, tridepsides, tetradepsides. Thus the nomenclature 
is formulated as in the case of the polysaccharides and polypeptides. 
Such depsides are nowise new, for the two substances just mentioned 
above, the di- and tridepsides of /^-hydroxybenzoic acid, were obtained 
by Klepl in 1883* ^7 simply heating /^-hydroxybenzoic acid. But his 
simple procedure is not applicable to most of the other phenol carbonic 
acids, as they cannot stand the necessarily high temperature. Still 
older are the exhaustive investigations of Schiff,^ on the formation of 
similar substances from the phenol carbonic acids by dehydrating agents. 

By treatment of gallic acid with phosphorus oxychloride, Ch. Ger- 
hardt,^ in 1853, prepared the amorphous anhydride of salicylic acid from 
sodium salicylate, obtaining an amorphous product which showed the 
tannin reactions, and which he considered to be digallic acid, C14H10O9. 
Prior to this, J. Lowe® had observed that gallic acid, when heated with 
arsenic acid, was changed into a tannin-like body. On repetition of the 
experiment, SchifF came to the conclusion that this product was also 
digallic acid. Later he and his students applied the anhydrization by 

' Ann., 373, 35 (1910). 

* J. prakt. Chem , [2 ] 38, 208, 

4, 232, 967 (1871); Ann., 170, 43 (1873); 163, 218, 219 (1872); I72» 35^ 
(1874); Bcr , IS, 2588 (1882); ( 7 a«e. ckim. ital., 17, 552 (1887); w 4 »fi., 353, 87 (1889). 

^ Ann., 87, 159. 

» J., x 868 , 559. 
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phosphorus oxychloride to a whole series of other phenol carbonic acids^ 
protocatechuic add^ salicylic add, m-hydroxybenzoic add, cresotinic 
add, phloretic add and p3a‘ogallol carbonic add. According to the 
conditions, didepsides or complicated anhydrides resulted. 

Unfortunately, the majority of depsides described by Schijff are amor¬ 
phous, and, therefore# have not withstood criticism concerning their 
individuality and composition. In particular, his view that the amorphous, 
digallic add is identical with tannin cannot be maintained.^ This will 
be returned to later. 

However, the procedure of Schiff, repeated in other hands, has led to 
sharply defined didepsides. Thus, in a patent of the firm of C. F. Boh- 
ringer and Son^ is dted a useful process for preparing disalicylic add with 
phosphorus oxychloride and I, together with Freudenberg, have shown 
that by the same treatment of p-hydroxybenzoic acid, under certain con¬ 
ditions, the didepside of the acid discovered by KlepP is obtained in ex¬ 
cellent yield. 

Besides the depsides, which are true acids, the phenol carbonic acids 
also may form neutral anhydrides. To this class belongs the p-hydroxy- 
benzoide (C7H4O2)*, of Klepl; then the different salicylides, cresotides, 
phloretides and probably also the tetra-/)-hydroxybenzoide^ of Schiff. 
Thiese, however, cannot be further considered here. 

The inducement to take up the synthesis of the depsides was presented 
by the following observation in the synthesis of polypeptides of tyrosine: 

For the preparation of glycyltyrosylglycine, a chloride of chloroacetyl 
tyrosine was necessary. Since the free phenol group appears to hinder 
the action of phosphorus chloride, I thought of the scheme of protecting 
the latter by introducing a group which subsequently could be easily re¬ 
moved, and chose for this piupose the carbomethoxy group. ^ The ap¬ 
plication of this process to the common phenol carbonic acids is the start¬ 
ing point for all the products which I will take up today. I have, in this 
investigation, enjoyed the valuable assistance of different young professional 
colleagues, whose share is evident from the titles of the single publications, 
and of these I will mention particularly Mr. Karl Freudenberg. 

Carbomethoxylation of the Phenolcarbonic Acids. 

Carboalkoxy derivatives of the common phenols have been long known. 
However, with a single exception,® which I will later mention particularly, 
these derivatives of their carbonic acids were lacking. It is now known 

1 Freda, Gaxz, chim. ital., 8, 9, 363 (1878); 9, 327 (1879); Bignelli, Chem. ZttUr,, 
1909, II, 1861-3; 19x0, II, 23; cf. further the later history of the tannins. 

* D. R. P., 211,403; cf. Chem. Zentr,, 1909, II, 319, 1285, ^ 

* Ann., 372, 45 (1910). 

* Ber,, 15, 2588 (1882). 

‘ Ibid., 4X, 2860 (1908). 

* Carboethoxy-salicylic add of F. Hofmann. 
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that such substances result easily by the action of chlorocarbonic alkyl 
^«ter and alkali on phenol carbonic acids in cold aqueous solution.^ 

The course of the reaction is particularly smooth, if the phenol group 
is in the meta or para position to the carboxyl and, the accumulation of 
hydroxyl groups is no obstacle; for protocatechuic acid and gallic acid can 
be completely carbomethoxylated with slightly more than the theoretical 
quantity of chlorocarbonic methyl ester. The behavior is somewhat 
otherwise if a hydroxyl stands next to a carboxyl. Sometimes the com¬ 
plete carbomethoxylation succeeds in aqueous alkaline solution with an 
-excess of chlorocarbonic methyl ester, as the case of orfsellinic acid^ and 
pyrogallolcarbonic acid,* demonstrates. 


HO.' 


.CHi 
COOH 


.OH 

Orsellinic acid 


ho/ >.cooh 


HO. .OH 

Pyrogallolcarbonic acid. 


In Other cases, under the same conditions, the ortho hydroxyl remains 
incompletely carbomethoxylated, even if a large excess of the reagent is 
employed. The case of / 3 -resorcylic acid has been more minutely in¬ 
vestigated.^ 

HO. o .COOH 

.OH 


Salicylic acid behaves similarly. The complete carbomethoxylation 
of this latter acid can be attained by treatment with chlorocarbonic methyl 
ester in presence of dimethyl aniline in an indifferent solvent, for example, 
benzene. The process was first used by Fritz Hofmann for the prepara¬ 
tion of carboethoxy salicylic acid, but has only been described in an Amer¬ 
ican patent (No. 1,639,174 of Dec. 12, 1899), which has been recorded 
neither in the scientific nor in the collected chemical patent literature. 
I learned of it only by chance, in a private communication from Mr. A. 
Binhom, just at a time when I was occupied in working o^t such a method 
myself. We have since applied the process with success, not alone to 
salicylic acid,® but also to some other t?-phenolcarbonic acids, such as the 
just mentioned /^-resorcylic acid,® and tlie isomeric gentisic acid^ (hydro- 
quinone carbonic acid). Even with phloroglucine carbonic acid,® which 
in aqueous alkaline solution takes on only one carbomethoxy group, the 

• E. Fischer, Ber., 41, 2875 (1908). 

• E. Fischer and K. Hoesch, Ann., SQif 366 (1912)* 

• E. Fischer and M. Rapaport, Ber., 46, 2389 (1913)* 

«E. Fischer and K. Freudenberg, Ann., 384, 234 (1911)- 

• Ber., 43, 218 (1909). 

« Ibid., 43, 225 (1909). 

^ Ibid., 43, 223 (1909). 

• Ann., 371, 306 (1910). 
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process succeeds if one uses a large excess of cfalorocarbonic methyl ester 
and dimethyl aniline. However, the carboxyl group is also affected,* 
and it forms an indifferent product, probably of anhydride-Uke nature. 
This, however, can be destroyed (as I, in conjunction with H. Strauss, 
have shown), by bicarbonate in acetone solution, without splitting off 
the carbomethoxy group. By this artifice, which is also applicable in 
other cases, the preparation of tricarbomethoxy phloroglucine carbonic 
acid,^ succeeded without difficulty and thus it appears that the method 
is sufficiently complete to be available for all phenol carbonic acids. 

It is remarkable that the difficulty encountered with the ortho phenol 
group disappears, if the carboxyl is not directly attached to the benzene 
nucleus; for <?“COumaric acid (t?-hydroxy cinnamic acid) can be very easily 
carbomethoxylated in aqueous alkaline solution. So far, the following 
acids have been completely carbomethoxylated: 

(a) In aqueous alkaline solution: 

/)-Hydroxybenzoic acid {Ber., 41, 2877 (1908)) 
w-Hydroxybenzoic acid (will be published later) 

Vanillic acid (Ann., 372, 47 (1910)) 
o-Coumaric acid (Ber., 42, 226 (1909)) 

Phlorelic acid (will be published later) 

Caffeic acid (will be published later) 

Ferulic acid (Ann., 391, 357 (1912)) 

Protocatechuic acid (Ber., 41, 2881 (1908)) 
a-Resorcylic acid (Ber., 46, 1145 (1913)) 

Orsellinic acid (Ann., 391, 366 (1912)) 

Gallic acid (Ber., 41, 2882 (1908)) 

Pyrogallolcarbonic acid (Ber., 46, 2390 (1913)) 

Syringic acid (will be published later) 

(b) According to the process of F. Hofmann: 

Salicylic acid (Ber., 42, 218 (1909)) 

a- and /3-Hydroxynaphthoic acids (Ann., 391, 352, 355 (1912)) 

/8-Resorcylic acid (Ber., 42, 225 (1909)) 

Gentisic acid (Ber., 42, 223 (1909)) 

Phloro|^lucinecarbonic acid (Ber., 46, 2400 (1913)) 

With the polyphenol carbonic acids, there is naturally the possibility 
of partial carbomethoxylation. They are governed by the orienting in¬ 
fluence which the carboxyl exercises on the entrance of the carbomethoxy 
group. On this point the following data have, so far, been gathered: 

In the 0-, p-dihydroxybenzoic acid, the carbomethoxy group enters 
preferably in the /^-position; and, if one decreases the quantity of 
chlorocarbonic ester tb one mol, with gentisic acid,* jS-resorcylic acid and 
orsellinic acid,* the ^-monocarbomethoxy compound can be isolated in 
moderately pure condition. 

^ E. Fischer and H. Strauss, Ber., 46, 2400 (1913). 

* Ber., 42, 222, 224 (1909). 

’ E. Fischer and K. Hoesch, Ann., 39X1 364 (1912). 
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It is Otherwise with gallic acid; for here the first carbomethoxy group 
enters preferably in the w-position,^ perhaps because the />-hydroxyl 
is protected from reaction by the two other neighboring hydroxyls. Partial 
carbomethoxylation succeeds easily with phloroglucinecarbonic acid; 
for in aqueous alkaline solution it takes on only one carbomethoxy group, 
and that happens most probably in the para position. ^ 

The change from carbomethoxy compounds back to phenolcarbonic 
acids is accomplished with extraordinary ease by excess of cold aqueous 
alkali. Aqueous N ammonia acts similarly, though somewhat more slowly; 
but the carbomethoxy group is then split off mostly as urethane and not 
as carbonate. Neutral alkali carbonate also acts in the cold, but more 
slowly; while bicarbonate is rather indifferent, and thus, in most cases, 
serves to dissolve the acids. Only a few difficultly soluble alkali salts 
were encountered. 

By insufficient quantity of alkali, partial elimination of the carbo¬ 
methoxy groups results. Thus there was obtained from the dicarbometh- 
oxyprotocatechuic acid, the >w-monocarbomethoxy compound;® and from 
the tricarbomethoxygallic acid, the 3,5-dicarbomethoxy compound.^ 
In both cases, preferably the p-carbomethoxy group was split off. 

These partially carbomethoxylated substances have played a role 
in the synthesis of didepsides which will be spoken of later. 

Furthermore, they can be methylated by diazomethane, whereby 
the carboxyl is esterified and all the free phenol groups methylated. 
These esters then yield, by double saponification, the corresponding 
partially methylated phenolcarbonic acids. In such a way, the structure 
of the monocarbouiethoxyprotocatechuic acid,^ and of the 3,5-dicarbo- 
methoxygallic acid,® was determined. 

The same process is also adapted to the practical preparation of such 
partially methylated substances as are difficult to prepare in other ways. 
In this manner, the n-methyl ethers of gentisic acid,^ / 3 -resorcylic acid^ 
and orsellinic acid® were prepared; as well as the c,(?-^imethyl ether of 
phloroglucinecarbonic acid,^ the /?-methyI ether^ and the w,/>-dimethyl 
ether of gallic acid.® • 

It is worth noticing that with the above-mentioned esters of carbo- 

' E. Fischer and K. Freudenberg, Ber., 45, 2716 (1912). 

* Ann.t 37i> 306 (1910). 

* E. Fischer and K. Freudenberg, Ibid., 384, 235 (i9i0- 

* E. Fischer, Ber., 41, 2885 (1908); further, E. Fischer and K Freudenberg, Attn., 
384, 240 (1911); cf. E. Fischer and O. Pfeffer, Ibid, 389, 211-4 (1912). 

* E. Fischer and K. Freudenberg, Ibid., 384, 236 (1911)- 

* E. Fischer and O. Pfeffer, Ibid., 389, 199 (1912). 

^ Ibid., 389, 199 ff- (1912). „ 

» E. Fischer and K. Hoesch, Ibid., 391, 372 (1912). 

* E. Fischer and K. Freudenberg, Ber., 45, 2717 (1912). 
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methoxylated phenolcarbonic adds, the ester group is removed more 
easily by cold concentrated sulfuric add, the carbomethoxy group on the 
other hand more easily by cold alkali. 

Chlorides of the Carbomethoxyphenolcarbonic Adds* 

These result from the action of phosphorus pentachloridfe on the adds, 
are usually crystalline, and show the important reactions of benzoyl 
chloride. Since, further, the carbomethoxy group can be subsequently 
easily removed, they have been valuable materials for synthesis. 

It would naturally be still simpler to use in their place the chlorides of 
the phenolcarbonic acids themselves, but their preparation involves 
difficulties. In the action of phosphorus pentachloride it is well known 
that, besides the carboxyl, the phenol group is attacked, as R. Anschiitz 
has shown in many cases. Only when the hydroxyl is crowded in between 
a neighboring carboxyl and a second o-substituent, is it removed from the 
action of phosphorus chloride and thus permits the preparation of the 
simple acid chloride.^ 

The chlorides of the phenolcarbonic adds can, as a rule, be prepared, 
directly according to the method of H. Meyer,® by heating with thionyl 
chloride; but the products are with few exceptions oils, whose individuality 
appears doubtful to me, and from which the discoverer, aside from the 
esters, has prepared no other derivatives of the phenolcarbonic acids. 
Thus they cannot be compared in regard to usefulness, witli the well 
behaved and relatively stable chlorides of the carbomethoxy phenol¬ 
carbonic adds. The process of Meyer has recently been improved by 
Kopetschni and Karzag, in that, in the place of the free acid, the alkali 
salt is treated with thionyl chloride. In this way they succeeded in ob¬ 
taining a crystalline salicylic acid chloride.* 

Finally, the chlorides of the completely methylated or acetylated phenol¬ 
carbonic adds have been long known. They are suffidently stable to be 
of service in synthesis. But, the later removal of the methyl or acetyl 
group demands fuergetic treatment with adds or alkalies, and is thus 
excluded for all products which, by this treatment, undergo further change, 
for example, with the ester-like derivatives bf the phenolcarbonic adds. 

The chlorides of all the above-mentioned carbomethoxylated phenol¬ 
carbonic adds have been prepared by use of phosphorus pentachloride, 
dther by gentle heating, or, in the case of sensitive substances, by shaking 
the acid and pentachloride with dry chloroform. If the chloride crystal¬ 
lizes with difficulty, it is advisable to remove the phosphorus oxychloride 
by dilution of the chloroform solution and by long, very gentle, heating 
of the residue *in a high vacuum. 

^ Anschiitz, Ber., 30, zaf (1897). 

* Monat$h.t aa, 415 (1901). 

• Chem. Zentr., 19x3, II, 728. 
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Most of the chlorides were obtained crystalline, only the tricarbomethoxy 
pbloroglucinecarbonic acid, carbomethoxysalicylic acid, and carbo- 
methoxyphloretic acid have so far remained as oils. The last two, how¬ 
ever, can be sufficiently purified by distillation in a high vacuum. 

These chlorides have been used, so far, for the following syntheses: 

1. With alcohols they immediately form esters, which, by subsequent 
saponification .with alkali, are changed into the ester of the free phenol- 
carbonic acid. An example is the preparation of ethyl gallate.^ The 
method, naturally, has here no practical significance, because the esteri¬ 
fication of the phenolcarbonic acids with the monohydric alcohols is at¬ 
tained much more conveniently by older methods. On the other hand the 
process acquires great importance in its application to the polyhydric alco¬ 
hols and especially in the sugar series. This will be fully considered later. 

2. The chlorides act energetically on the esters of amino acids arfti 
can be coupled with amino acids in aqueous alkaline solution. By subse¬ 
quent splitting off of the carbomethoxy group there results finally the 
derivative of the phenolcarbonic acid. As an example, the synthesis of 
j^-hydroxyhippuric acid (f-hydroxybenzuric acid)^ may serve. It is 
accomplished according to the following equations: 

CH3CO2.O.C6H4.CO.CI 4 2NH2.CH2.CO2C2H5 - 

CH3CO2.OC6H4.CO.NH.CH2.CO2C2H6 + HCI.NH2.CH2.CO2C2H5 
CH 8 C 02 .C).C 6 H 4 .C 0 .NH.CH 2 C 02 C 2 H 5 4 - 3Na()H = ♦ 

HO.C6H4.CO.NH.CH2COONa -f NagCOs 4 - CsHeO + CH4O 

Similarly, the isomeric salicyluric acid was prepared.^ The process 
appears, to me, to be much better than the one used somewhat earlier 
by Bondi^ for tlie preparation of salicyluric acid from glycocoll and salicylic 
add azide. Finally, there is still to be mentioned the synthesis of 3,4- 
dihydroxyhippuric acid from the chloride of the dicarbometlioxyproto- 
cfitechuic acid and glycocoll ester, ^ as well as of vanilloylglycine from the 
ctdoride of carbomethoxy vanillic acid.® I do not doubt that this method 
is sufficient for the preparation of numerous combinations of this sort. 

3. Under the influence of aluminium chloride, the chlorides unite easily 
with benzene, and on subsequent splitting off of the carbomethoxy group, 
there results the unsymmetrical hydroxy derivatives of benzophenone. 
Jfbr />-hydroxybenzophenone,^ the synthesis runs according to the fol- 
l^jWing equations: 

' Ber ., 42, 1022 (1909). 

* Ibid ., 41, 2880 (1908). 

» Ibid ., 42, 219 (1909). 

* Z . physiol , chent ., 52, 170 (1907). 

* T. Kametaka, Ber ., 42, 1482 (1909). 

* E. Fischer and K. Freudenberg, Ann ., 372, 66 (1910)- 

^ Ber ., 42, 1017 (1909)- 
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CH,C02.0.C«H4.C0.C1 + CaH« - CH,C02.0.C«H4.C0.CeHs + HCl 

CH8C02.0,C6H4.C0.CeH6 + 3NaOH - 

NaaCOa + CHaOH + H 2 O + NaO.C 6 H 4 .CO.CeH 6 . 

In this manner, there was prepared from ot-resorcylic acid the 3,5- 
dihydroxybenzophenone,^ from gallic acid the 3,4,5~trihydroxybenzo- 
phenone,® and from /S-resorcylic acid the already known 2,4-dihydroxy- 
benzophenone.® Finally, pyrogallolcarbonic acid gave the isomeric, 
2,3,4-trihydroxybenzophenone,^ which is identical with the mordant dye¬ 
stuff known under the name of alizarin yellow A, and thus its structure is 
established beyond doubt. 

4. The chlorides can be coupled with the free phenolcarbonic acids and, 
by subsequent splitting off of the carbomethoxy group, didepsides ob- 
t^ed. By repetition of the operation, tri- and tetradepsides were pre¬ 
pared. The process is susceptible of many variations, as the following 
sections will show. 

The applicability of the chlorides for synthesis is certainly not ex¬ 
hausted by these reactions. One can hope that they will be useful in 
most cases where benzoyl chloride and its derivatives have already proven 
themselves of service, and where it is desired to regain the phenol group 
by very mild hydrolysis. Thus, I believe without hesitation, that the chlo¬ 
ride of carbomethoxy ferulic acid can be recommended for the experi¬ 
ment on thelbuilding up of curcumin, just as V. Lampe and J. Milobedzka* 
have succeeded in preparing the similar dicinnamoylmethane. 

Didepsides. 

Their history has been so adequately treated before that I must here 
content myself by describing only the new method. ^-Hydroxybenzoic 
acid serves for the simplest case of the synthesis. The chloride of its 
carbomethoxy derivative unites with ^-hydroxybenzoic acid in cold, 
aqueous alkaline solution, according to the following equations, and there 
results, the alka^ salt of carbomethoxy-p-hydroxybenzoyl-/?-hydroxy- 
benzoic acid:® 

CH 3 C 02 . 0 .C«H 4 .C 0 .C 1 + NaO.C6H4.COONa » 

NaCl + CH,C02.0.C«H4.C0.0.C6H4.C02Na 

On account of its slight solubility, it separates from its aqueous solution 
as the crystalline salt, but can be easily changed to the free acid by cold 
hydrochloric acid. In most other cases, th^ alkali salts are easily soluble 

* E. Fischer and H. O. L. Fischer, Ber., 46, 1147 {1913). 

^ Ibid,, 43, 1018 (1909). 

^ Ann,, 37I1317 (1910)* 

^ E. Fischer and M. Rapaport, Ber., 46, 2393 (1913)* 

• Ber,, 46, 2*35 (1913)- 

*Jbid., 4a, 216 (1909). 
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in iwiicr and the resulting aqueous liquid is precipitated directly by 
wimmA acid. 

S i i li l i f the chlorides used are ordinarily solid and in this form react too 
alowifi I, at first, used ethereal solutions for this coupling; later, acetone 
was shown to be preferable in the majority of cases, and many 
cou^plings can be carried out satisfactorily only by use of this expedient. 

ordinary procedure is as follows: The phenolcarbonic acid to be 
aoig^gtod is dissolved in the calculated quantity of N or 2 N alkali, some 
acetone added, the whole cooled to a low temperature and to this solution 
is added, in several alternate portions, another i. i mol of 2 N alkali and 
a solution of the chloride in dry acetone, the mixture being well stirred. 
The coupling takes place very quickly and completely even at low tempera¬ 
ture. In most cases, the difficultly soluble coupled product can be pre¬ 
cipitated by acidification and dilution with water. In other cases, tile 
acetone is distilled off at low pressure, or the liquid is extracted with ether 
directly after acidification and dilution. 

Instead of the alkali, dimethyl aniline can be used as the base, and the 
coupling can be carried out with exclusion of water. An example of this 
sort is found in the preparation of carbomethoxy-iS-hydroxynaphthoyl- 
/5-hydroxynaphthoic acid^ from /3-hydroxynaphthoic acid and the chloride 
of i$s carbomethoxy derivative. The coupling is effected by dimethyl 
aniline in benzene solution. $ 

Finally, as a curiosity, may be mentioned the coupling of carbometh- 
ox3rferuloylchloride with /?-hydroxybenzoic acid by several hours' heating 
of its solution in acetylene tetrachloride at 110°. The reaction is completed 
with evolution of hydrochloric acid gas.® 

The general process, naturally, can also serve for the preparation of 
mu^d forms and it may be mentioned historically that the first coupling 
of this sort was carried out with p-hydroxybenzoic acid, and the chloride 
q{ tricarbomethoxygallic acid, whereby the tricarbomethoxygalloyl- 
p-h®droxybenzoic acid resulted.^ 

If the phenolcarbonic acid contains only one hydroxyl group, the course 
of the reaction is simple. The behavior is naturally more complicated 
wImi 2 or 3 hydroxyl groups are present; for not only can isomeric carbo- 
Utelhioxylated didepsides result, but also complicated products, such as 
(iegivatives of tri- or tetradepsides. In most investigations which have 
hnWjll carried out in this direction, the product was a mixture whose resolu¬ 
tion into its constituents presented difficulty. Only one example was 
wqrked out satisfactorily with definite results. This is the coupling of 

* K. Fischer and K. Hoesch, Aitn ., 391, 348 (1912). 

391, 355 (1912). 

39i»359 (1912). 

^ Ber ., 41, 2888 (1908). 



jiSo 


the dicarbomethoxyorsellinic chloride with orsellinic acid,^ whlieh wlis 
necessary for the synthesis of lecanoric acid. 

In other cases, it has been preferable to protect a part of the fAmiol 
groups of the phenolcarbonic adds to be coupled, by darbontt^thoxy 
groups. As an example, the synthesis of digallic add serves. Here tte 
chloride of tricarbomethoxygallic add was coupled, not with free gallic 
add, but, with its dicarbomethoxy derivative in alkaline solution,^ and if, 
instead of the dicarbomethoxy compound, the carbonylogallic add® 


COOH 



CO-O 


which contained a free hydroxyl in the m-position/ was used, still 
better results were obtained. 

Another example is the coupling of dicarbomethoxyprotocatechuic 
acid chloride with monocarbomethoxyprotocatechuic acid in alkaline 
solution to give diprotocatechuic acid.^^ 

According to the former process, in the coupling of a chloride to an 
o-phenol group in alkaline solution, a certain deviation which notice¬ 
ably decreaied the yield was observed, and thus, in many cases, it was 
impossible to isolate the product. Hence, another modification besides 
the use of dimethyl aniline was sought. 

A satisfactory result was obtained when, instead of the phenolcarbonic 
acid, the aldehyde was used. The best example of this is furnished by 
the synthesis of o-diorsellinic acid,® for which the chloride of dicarbo¬ 
methoxyorsellinic acid was brought together with p-monocarbomethoxy- 
orcyl aldehyde in alkaline solution. The coupled product results in good 
yield and can be changed easily into tricarbomethoxy-(?-diorsellinic add 
by oxidation with permanganate. I am convinced that equally good 
results would be obtained with salicylic acid and similar substances. 

For the preparation of (7-didepsides the treatment of (^-phenolcarbonic 
acids with phosphorus pentachloride and dimethyl aniline also serves, 
as is proven by the synthesis of disalicylic add according to the patefvt 
of Bohringer and Son. We have applied the process with success to the 
monocarbomethoxy derivatives of gentisic add and /3-resorcylic add, 

^ Fischer and H. O. L. Fischer, 3 er., 46, 1138 (1913). 

Fischer, find., 41, 2890 (1908); E. Fischer and K. Freudenberg, Ann,, s§4^ 
242 (xgii). 

* E. Fischer and K. Freudenberg, Ber, 46, 1120 (1913). 

*Ibid„ 46, 1124 (1913). 

* E. Fischer and K. Freudenberg, Ann,, 384, 238 (1911). 

' E. Fischer and H. O. L. Fischer, Sitzungsbsr. d, BerUner Akad., 19x3, 507. 
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wbich contain the carbomethoxy group in the />-position. In both 
cases, the coupled product, t. e., the dicarbomethoxy compound of the 
didepside, could be obtained crystalline.^ 

The carbometlioxy derivatives of the didepsides are as a rule crystal¬ 
line substances. An exception is the amorphous derivative of digallic 
acid, which, so far, has resisted all attempts to crystallize it, Also, in 
other cases (for example with protocatechuic acid), we have given up the 
isolation of the carbomethoxy derivative, since the didepside itself is more 
easily purified. The carbomethoxy compounds are true acids and thus 
decompose alkali bicarbonate and, in general, are easily soluble in dilute 
potassium bicarbonate solution. This property can be used to advantage 
as a test of purity and also for separation from other indifferent substances. 

The formation of the carbomethoxy didepsides often occurs with nearly 
theoretical yield. In other cases, this is lowered by side reactions. If 
the coupling takes place in aqueous alkaline solution, a large part of the 
chloride can be recovered as the corresponding acid. If the coupling takes 
place in alkaline acetone solution or in benzene solution with dimethyl 
aniline, there is obtained a varying quantity of indifferent substances of 
the nature of acid anhydrides. Their separation is carried out, as above 
mentioned, by treatment of the crude product with a dilute solution of 
potassium bicarbonate. Thus it is preferable to dissolve the crude product 
in a little acetone and then mix with the bicarbonate solution. The 
carbomethoxydidepside is then later precipitated from the aqueous solu¬ 
tion of its potassium salt by mineral acid. 

Elimination of the Carbomethoxy Group. 

As already mentioned, this can be carried out by cold dilute alkali or 
by aqueous ammonia. In the first case the alkali carbonate results, 
in the second, a large part of the carbomethoxy group is split off as ure¬ 
thane.^ If the depside union is strong enough to resist the action of the 
alkali for hours then this procedure is best. For this purpose, the carbo- 
metboxy derivative is dissolved in enough N alkali to neutralize the carboxy 
group, and to eliminate the carbomethoxy group a further 2 mols of sodium 
hydroxide are added. This operation is best carried out at 20° and the 
reaction is generally ended in V2 to V4 hour. Only in the preparation 
of lecanoric acid from its carbomethoxy derivative was the alkali allowed 
to act for 2 hours, as lecanoric acid itself is very stable towards cold alkali; 
while with most didepsides, 24 hours’ standing with mols excess of N 
sodium hydroxide completely, or largely, splits the compounds into its 
components. 

On account of this sensitiveness towards alkali, aqueous ammonia was 
used in the majority of cases for splitting the carbomethoxy derivative. 

1 E. Fischer and K. Freudenberg, Ann ., 384, 225 (19J1) 

» Ber ., 41, 2885 (1908). 
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Here, also, the action takes place best at 20*^ and N ot N/2 soluiilNli 
large excess was used. Since some of the ammonium salts of the 'iwrt h ll * - 
methoxy didepsides are rather insoluble in water, it is preferable, ilMMil^ 
cases, to use acetone or pyridine as solvent. 

The didepsides so far investigated are crystalline substances, diflfcudW^ 
soluble in cold water, which melt with decomposition, react acid aid 
solve in bicarbonate solution. On account of the free hydroxyl gIMIIpf, 
they give colorations with ferric chloride which are suggestive ofiMMia 
produced by the free phenolcarbonic acids. If, for example, the ptaMl 
group is next to a carboxyl then, similarly to salicylic acid, a stroi%^f«d 
to blue-violet coloration is observed. This color may not appear, hovU BW f, 
if an hydroxyl is next to a depside union, for ^-diorsellinic acid gives «io 
real purple coloration. 

* CH, OH 

HO.<^ 

OH COOH CH, 

All depsides are split into their components by excess of dilute adkdli 
at room temperature, the reaction velocities differing very greatly. 

By diazomethane, the depsides are totally methylated. Esterihcatiofi 
of the carboxyl group takes place first and then methylation of the free 
phenol groups; the hydroxyl next to a carboxyl is attacked most slowly. 
The resulting, totally methylated, esters are beautifully crystalline sub¬ 
stances which melt lower than the depsides and without decomposition. 
They thus serve very well as a means of characterization and identifica¬ 
tion of the depsides. As examples, I would cite the products which will 
be discussed later, namely, the methyl ester of trimethyl-p-diorsellUie 
acid from lecanoric and evemic acids and the pentamethyl-m-digUlKc 
acid from m-digallic acid.^ If the depsides contain several adjacent phinat 
groups, as in gallic acid or pyrogallol carbonic acid, they are very sHral^ 
tive to oxygen in alkaline solution, which deserves attention during tliifit 
preparation. 

The didepsides of gallic, protocatechuic, gentisic and / 9 -resorcylic mMa 
are precipitated by dilute glue solution and give precipitates with qulUint 
acetate or by high dilution. They differ in this respect from the correspiwl^ 
ing phenolcarbonic acids and approach the tannins. m 

Tridepsides.’ 

From monophenol carbonic acids, the theory only admits of the^- 
lowing type of tridepside: 

HO.C6H4.CO.O.CeH4.CO.O.C6H4.COOH 

^ E. Fischer and K. Freudenberg, Scr., 46, 1127 (1913). 

» E. Fischer and K. Freudenberg, Ann,, 37a, 32 (1910). 
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If, however, a di- or triphenolcarbonic acid is considered, then the fol¬ 
lowing type is possible: 


HO.CeH4.CO.Ov 

HO.C6H4.CO.0/ 


CaHa.COOH 


Compounds of the second type have not been fully investigated so far. 
Perhaps to this class belongs a substance which Freudenberg and P ob¬ 
tained as a by-product after saponification subsequent to the action of 
tricarbomethoxygalloyl chloride on gallic acid in alkaline solution. Our 
feeling that it is a bisgalloylgallic acid still lacks proof, however, and thus 
the exact description of our investigation has been delayed. Of the com¬ 
pounds of the first type, two examples are known, the di-^-hydroxybenzoyl- 
^-hydroxybenzoic acid, and the mixed form vanilloyl-/?-hydroxybenzoyl- 
p-hydroxybenzoic acid, 

HOv 

^CeH,.C().O.C4H4.CO O.C6H4COOH. 

CHaCK 

The first was obtained by Klepl, along with the didepside, by heating 
^-hydroxybenzoic acid. Freudenberg and I prepared it in beautifully 
crystalline and apparently pure condition by the new method in the fol¬ 
lowing way: 

p-Carboethoxybenzoyl chloride was coupled with p-hydroxybenzoyl- 
^-hydroxybenzoic acid in alkaline solution. To split off the carboethoxy 
group, the product was dissolved in a mixture of acetone £lnd pyridine 
and ammonia was then added. The tridepside could be obtained in mod¬ 
erately long needles by recrystallization from acetone, while Klepl has 
described it as a scarcely crystalline powder. In spite of this, we believe 
that his preparation is identical with our ti'idepside. The same product 
could undoubtedly be obtained in a third way, namely by coupling p- 
hydroxybenzoic acid with the chloride of carbomethoxy-f-hydroxybenzoyl- 
^-hydroxybenzoic acid. 

The second mixed tridepside was prepared in an analogous way from 
carbomethoxyvanilloyl chloride and p-hydroxybenzoyl-p-hydroxybenzoic 
acid. 

The two tridepsides melt above 200°, are practically insoluble in water 
and difficultly soluble in most organic solvents. With ferric chloride 
they give colorations in alcohol solution similar to that of /^-hydroxybenzoic 
acid. 

Tetradepsides.^ 

Here also two forms are known, the tri-p-hydroxybenzoyl-p-hydroxy- 
benzoic acid, 

HO.C6H4.CO.O.C6H4.CO.O.C6H4.CO.O.C6H4.COOH, 


» Ber., 45, 2712 {1912). 

^ E. Fischer and K. Freudenberg, Ann., 372, 32 
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and vaniUoyl-di'/^-hydroxybenzojrl-^hydroxybeiizotc add, 

CO.O.C,H4.CO,O.Cai4.CO.O.C.H4,COOH. 

The first was prepared from carboethoxy-jp-hydroxybenzoyl-p-hydroxy- 
benzoyl chloride and />‘-hydroxyben2oyl“/>-hydroxybenzoic add in alkalite* 
solution. For the preparation of the second, carbomethoxyvanilSoyl-^^ 
hydroxybenzoyl chloride and p-hydroxybenzoyl-^-hydroxybenzoic ariMJ 
served. 

Here, all operations were rendered difficult by the slight solubility atHl 
reactivity of the materials. Both tetradepsides could be obtained crystait- 
line. They are very difficultly soluble in most organic solvents and melt 
with decomposition. 

Under the name of tetra-/?-oxybenzoide, H. Schiff^ has described a 
product that resulted by heating ^-hydroxybenzoic add with phosphorus, 
oxychloride, and which has the same composition as the above tetradepside^ 

A repetition of Schiflf’s experiment has shown that this preparation 
dififers from ours and, thus, we do not believe it can be considered an ordi¬ 
nary polydepside. 

Further application of the process to tJhie synthesis of higher depsides. 
has been abandoned on accotmt of the increasing experimental difficulties 
and because the knowledge of such forms would seem to present no further 
great interest. 

In condusion I append the following list of depsides prepared by uji.. 
The earlier known substances, either artifidally prepared or found ip 
nature are designated by an asterisk(*). Those marked by t will be de¬ 
scribed shortly. 

Didepsides. 

*Di-/>-hydroxybenzoic acid (Ber., 4a, 217 (1909)). 

Di-f»-hydroxybenzoic acidf. 

"^Di-salicylic acid (^alicylo-salicylic acid of Bdhringer and Son). 

Di-protocatechuic add (Ann., 384, 238). 

Di*gentisic acid (Ann., 384, 230). 

Di-/ 3 -resorcylic add (Ann., 384, 233). 

*^*Di-ofsellmic acid (lecanoric acid) (Ber., 46, 1143 (1913)). 

£>>Di*orsellinic add (Berl., Akad., 1913, 507). 

m-Digallic add (Ber., 46, 1124 (1913)). 

Di*syringic addf. 

Di-e^-cumaric add (Ann., 391, 363). 

Di-ferulic acid (Ann., 391, 362). 

Di-/ 5 -hydroxy naphthoic acid (Ann., 391, 356). 

^-Hydroxybenzoyl-wi-hydroxybenzoic addf. 

fn-Hydroxybenzoyl-/>-hydroxybenzoic addf. 

Salicylo-;^*hydroxyb6iizoic addf. 

Vaailloyb^hydroxybenzoic acid (Ann., 373, 51). 

^ Ber., is» 2588 (1882), 
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Feniloyl-/>-hydroxybenzoic acid {Ann,, jpi, 360). 

or-Hydroxy naplithoyl-/>-hydroxybenzoic acid {Ann., 391, 354). 

Orsellinoyl-/>-hydroxybenzoic acid {Ber., 46, 1141 (1913)). 

Protocatechuyl-/)-hydroxybenzoic acid {Ber., 42, 1484 (1909)). 

Galloyl-p-hydroxybcnzoic acid {Ber,, 41, 2888 (1908)). 

Pyrogallol carboyl-/»-hydroxybenzoic acid {Ber., 46, 2396 (1913)). 

S3rringoyl-/)-hydroxybenzoic acidf. 

^-Hydroxybenzoyl syringic acidf. 

Pentamethyl-m-digallic acid {Ber., 45, 2718 (1912)). 

Pentamethyl-/>-digallic acid {Ber., 46, 1130 (1913)). 

Vanilloyl-vanillin {Ann., 372, 63). 

Tridepsides. 

*Di-jp-hydroxybenzoyl-/>-hydroxybenzoic acid {Ann., 372, 38), 

Vanilloyl-^-hydroxybenzoyl-/>-hydroxybenzoic acid {Ann,, 372, 55). 

Tetradepsides. 

Tri-/»-hyd»*oxyben2oyl-/)-hydroxybenzoic acid {Ann., 372, 43), 

Vanilloyl-/>-hydroxybcnzoyl-p-hydroxybenzoic acid {Ann., 372, 59). 

Lichen Substances. 

The only natural sources of the depsides have, until now, been the lichens, 
those peculiar plant forms, which, according to the discovery of Simon 
Schwendener, arise through symbiosis of algae and molds. To these 
singular morphological properties correspond also their peculiar position 
in chemical respects, and particularly, their content of depsides. Among 
the latter, the best known is lecanoric acid, which has long been regarded 
as an ester-like anhydride of orsellinic acid, without anything certain 
having been found out about the position of the depside group. 

Very closely related is evernic acid, which can be regarded, on account 
of its splitting by bases, as an ester-like anhydride of orsellinic acid and 
everninic acid. The synthetic investigations which I, in conjunction with 
my son, Hermann O, L. Fischer,* have so far carried out, have been limited 
to these two acids. 

The synthesis of lecanoric acid is carried out in the following manner: 
After the preparation of the crystalline dicarbomethoxyorscllinoyl chloride 
had succeeded, this was coupled with orsellinic acid in aqueous alkaline 
acetone solution at —15® and the resulting dicarbomethoxy compound 
saponified by a two-hour treatment with excess N sodium hydroxide at 
20®. Thereby a diorsellinic acid results in good yield and this has proven 
identical in every respect with a sample of the natural lecanoric acid, which 
we owe to the kindness of Mr. O. Hesse in Feuerbach. 

The final proof of identity rests on a comparison of the change of the 
natural and the artificial preparations into the methyl ester of trimethyl- 
lecanoric acid by diazomethane. This ester possesses a sharp melting 
point, which was the same for both preparations and also for their mixture. 

. * Ber,, 46, 1138 (1913); further, Sitzyngsber. d. Berliner Akademie, X 9 I 3 > P- 507 - 
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Simitltaneously with these investigations, my fonner co-worker, 
Hoesch^ has derived orsellinic acid itself from orcyl aldehyde, prepared 
by the Gattennann synthesis, in which he oxidized the carbomethoxy 
compound of the latter with permanganate, and then split off the carbo¬ 
methoxy groups, just as Freudenberg and I* recommended for the change 
from vanillin into vanillic acid. 

Besides the synthesis, we could also supply the proof that the depside 
union was in the p-position. This was already probable by the very 
strong red-violet coloration of the dicarbomethoxylecanoric acid with 
ferric chloride. Still more conclusive is the preparation of o-diorsellinic 
add and its difference from lecanoric add. 

For this second synthesis, we first attempted to couple dicarbomethoxy- < 
orsellinoyl chloride with the monocarbomethoxyorsellinic add, which 
contained the free phenol group in the o-position, in alkaline acetone 
solution. The failure of the experiment caused us to choose the previously 
mentioned indirect way from monocarbomethoxyorcyl aldehyde. This 
can be coupled without difficulty in alkaline acetone solution, with di- 
carbomethoxyorsellinoyl chloride. The tricarbomethoxyorsellinoylorcyl 
aldehyde resulting, in good yield, can have only the following structure: 



O.COaCH, O.COjCHi 


By oxidation with permanganate, it is transformed into the tricarbo- 
methoxy o-di-orsellinic acid, from which there results, on saponification 
with dilute ammonia, with very good yield the o-di-orsellinic acid. 



This differs from lecanoric acid in many properties; in particular by 
the coloration with ferric chloride, with which it shows in aqueous alcohol 
solution not the intense purple color but rather a brown-red coloration. 

We had hoped that the o-di-orsellinic acid would be identical with the 
gyrophoric acid, which likewise is found in lichens, and which, according 
to its splitting by alkali, has been held to be isomeric with lecanoric acid. 
But the comparison of the S3mthetic preparation with a sample of natural 
g^ophoric acid, which likewise Mr. O. Hesse most kindly placed at our 
* Ber,, 46, 886 (1913)- 
® Ann., 37a, 68 (1910). 
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disposal) has proven their complete dissimilarity, and from this we draw 
the conclusion that the gyxophoric acid cannot be a didepside of orsellinic 
add, but must possess some other constitution. This observation shows 
how very useful syntheses are in deciding important structural questions 
in the chapter of the lichen substances. 

As an other example of this I can cite the structure of evemic add, 
which my son and I have deared up in the following way: The add, 
a sample of which we obtained again from Mr. Hesse was, similarly to 
lecanoric add, dissolved by an ethereal solution of diazomethane on long 
standing and shaking and transformed into a beautifully crystalline 
neutral ester, which we have identified by melting point, mixed melting 
point, solubility and analysis, with the methyl ester of trimethyllecanoric 
add.^ 


Thus evemic add must be a monomethyllecanoric acid, and since the 
eveminic add resulting from its hydrolysis is a ^-methyllecanoric add,* 
in evemic acid the methyl group must be in the /^-position to the depside 
group. 

Therefore, this gives, as the only possibility for evernic acid, the fol¬ 
lowing structural formula: 


CH,0.‘ 


_.CH, 

.OH 


.CH, 


<^~^COOH 
~~ OH 


I hope that now the synthesis of evernic add can also be carried out 
from eveminic acid and orsellinic add according to the method of synthesis 
of lecanoric acid. 

Tanning Substances. 

Under this name are now collected together a large number of plant 
substances which possess the common property of combining with animal 
hides. They fall in wholly different groups as soon as one employs a 
chemical view-point for their dassification. Our investigations are limited 
to the tanning substance of the nutgalls, the so-called tannin, and a few 
substances belonging to the same type. I can describe them in short as 
acyl-like compotmds of sugar with phenolcarbonic adds. 

The history of the tannins, which dates back into the i8th century 
is so extensive, that I, therefore, must desist from giving it completely 
here. Thus, I will be content by giving again, with slight amplification 
what is quoted in the first paper by Freudenberg and myself ‘'On Tannin 
and the S3mthesis of Similar Substances.*' 

Adolf Strecker,* on the basis of extended investigations, came to the 
condusion that tannin was a compound of glucose and gallic add, for 

^ The investigation will be published shortly. 

* E. Fischer and K. Hoesch, Ann., 391, 35 (1912). 

» Ann,, 81, 248 (1852); 90, 328 {1854). 
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which he derived the fonmda CsyHiiOn- That would correqxmd to a 
combmatioii of 3 mols of gallic add and one mol of glucose. When 
he later succeeded/ first by silver nitrate or arsenic add and then also 
by phosphorus oxychloride/ in obtaining a glue-predpitating substance 
from gallic add, H. SchifP dedared this to be the essential constituent 
of tannin, gave for it the formula CuHioOo and named it digallic add. 
This formula had been recommended long before by Mulder but was 
contested by Strecfcer. The result of Stredcer in regard to the formation 
of glucose from tannin was later substantiated by several investigators; 
for example Ph. van Tieghem* and H. Pottevin,^ who effected the hydrolysis 
with the enzyme of Aspergillus niger» The results fluctuated noticeably 
in regard to the quantity of sugar. Further, since, cm the other hand, 
the formation of sugar has been wholly disputed, the view of Schiff has 
so well maintained itself, that tannin has been represented in the text* 
books until recently rather generally as digallic add. In opposition to 
this, stands its optical activity, which was observed by Ph. van Tieghem, 
C. Scheibler, Flavitzky and Gunther,^ and was used by the last as an 
argument against the formula of Schiff. Experiments are not lacking 
to remove this theoretical difficulty,* but the determination of the molecular 
weights and the careful observations of P. Walden^ on the electrical con¬ 
ductivity, the light absorption and the beiiavior towards arsenic acid, 
has undoubtedly shown that tannin and Schiff's digallic acid are different. 
The difference became still greater when I succeeded in obtaining digallic 
acid in a crystalline condition and establishing its composition with cer¬ 
tainty.* Meanwhile, M. Nierenstein, from numerous investigations 
had reached the conclusion that tannin is essentially a mixture of digallic 
^id and optically active leucotannin. This view cannot stand criticism. 
Jt is in opposition to the older observations on molecular weight and 
acidity of tannin, and our further investigations* have not given the 

‘ J. L6we, 1867,446; 1868,559, 

*H. Schiff, Ber,, 4, 232, 967 (1871); Ann., 170, 43 (1873); Ber, 13, 33 (1879); 
Chem. Ztg., xg, 1680; cf. also the citation on p. 1172; further, the contradictory state¬ 
ments of Freda {Gazz. chim. Ual., 8, 9 and 363 (1878) and 9, 327 (1879)} and Bigmelli, 
Chem. Zentr., 1909, II, x86i, 1863; zgxo, II, 33; Gazz chim. Ual., 39, II (1909); Rend, 
Sac. Chim. Ital., xx (1911) 

^ Annal. d. Sciences natureUes V. Serie Botanique, 1867, 210. 

< Campt. rend., 132, 704 (1901). 

® Cf. historical by E. v. I<ippmann, Ber., 43, 4678 (1909). 

* Cf. Dekker, Ber., 39, 2497 (1906) and Nierenstein, Ibid., 41, 77 (1908); 43, iias 
(1909); 43> 628 (1910). 

Ber., 30, 3151 (1897); 3167 (1898). His observations were substantiated 

and supplemented by Manea {JOiss., Geneva, X904}. 

^ Ber., 41, 2890 (1908); further, E. Fischer and K. Freudenberg, Ibid, 46, 1x34 

0913)- 

• E. Fischer, Ber., 4X9 2890 (1908); further, E. Fischer and K.F reudenberg, Ann., 
384, 225 (1911). 
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slightest support for the correctness of Nierenstein's conclusions. The 
same judgment holds for the assertions of R. J. Manning, who claimed to 
have isolated from tannin a pentaethyl ester of pentagalloyl glucoside, 
for the preparation described by him is none other than ethyl gallate.^ 
In opposition to Nierenstein, K. Feist^ arrived at the view that tannin 
was really a compound of glucose and he has expressed the feeling that 
tannin from Turkish nutgalls is a combination of glucogallic acid with 
two ester-like bound molecules of gallic acid. As foundation for this 
view, he used his observation that a crystalline compound of gallic acid 
and glucose could be isolated from Turkish nutgalls, which he regarded 
as an a-glucoside of gallic acid or its anhydride.® 

In the first place, we have accorded to the results of Feist a greater 
weight,^ than he really deserves. His complete publication® shows that 
noticeable inconsistencies exist in the analyses, and, above all, shows 
that the synthetic /S-glucoside of gallic acid® prepared by H. Strauss and 
myself differs so greatly from the preparation of Feist that I can no longer 
regard the latter as a simple glucoside of gallic acid. Wliat Feist in reality 
had in hand is not yet clear to me. 

Of much more importance have proven the statements of Herzig and 
his students on the origin and splitting of methylotannin and I will later 
come back to this more fully. 

Our first investigation was concerned with the fundamental question 
whether the glucOvSe found by Strecker and his followers was really a 
constituent or only a chance impurity of tannin. For this, above all, 
the purest possible preparation was necessary. Since the earlier known 
process for the piuification of tannin seemed faulty to us, we have worked 
out a special method. It consists in extracting the aqueous solution 
of the best technical tannin, saturated with a slight excess of alkali, with 
ethyl acetate.® In the description of the process we were anticipated by 
Paniker and Stiasny,^ who discovered it independently. As a particular 
advantage of the same, we regard the condition that, by it, all real acids 
or, as we believe, all substances with a free carboxyl are removed. This 
conclusion is also important for judgment of the structure of tannin, 
for it appears to me that it contains no free carboxyl and, therefore, can¬ 
not be a derivative of a glucosidogallic acid. We have applied the purifica¬ 
tion process to different kinds of commercial tannin and thereby obtained 
preparations which we could regard as essentially identical. In addition, 

1 Cf, H. C. Biddle and W. B. KeUey, This Journai,, 34» 9iB (191a). 

* Ber.f 45, 1493 (1912); further, Chem. Zentr., 1908, 11, 1352. 

* Arch. Pkarm., 250, 668 (1912). 

* Fischer and Freudenberg, Ber., 45, 2713 1191-2)- 

* Fischer and Strauss, Ibid,, 45, 3773 (19*2). 

* Fischer and Freudenberg, Ibid., 4$, 919 (1912) 

f /. Chem. Soc., 99, 1819 (1911). 
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I. will bei^ emphasize the fact that we have used only the tannin thus 
purified lor all the determining experiments and, indeed, a preparation 
that proved identical with a product prepared from Chinese nutgalls 
(Zacken-gallen), and for which the specific rotation in i% aqueous solu* 
tion was +70® to 75®. That this preparation was entirely homogeneous 
one cannot state with more certainty, since an essential property of homo¬ 
geneous bodies, the crystalline habit, has so far not been observed for it. 
On the other hand, the absence of this property cannot be regarded as a 
proof for a high degree of impurity, since with such high molecular sub¬ 
stances as tannin the crystalline condition is to be regarded .as a more 
than lucky chance. 

With the purified preparation we first repeated the investigation of 
Strecker on the hydrolysis with sulftiric acid; whereby it has become evi¬ 
dent that, for the completion of the action with 5% add, about 70 hours* 
beating at 100® is necessary, while by use of 11% add, as Strecker employed 
24 hours suffices. We believe that this slow course of the hydrolysis often 
has hindered the finding of sugar in the control of Strecker's investigation. 
To this is due the rdatively small quantity of sugar noted, which we found 
as a rule to be between 7 and 8%, while Strecker observed 15 to 22%. 
That the higher figures of Strecker were due to his different raw material 
—at that time tannin was prepared preferably from Turkish nutgalls— 
is highly probable, but can only be decided by new investigations. Be¬ 
sides, we have purified tannin according to other methods, for example 
through the potassium salt, and on subsequent determination of the sugar 
reached the same results. Since, finally, control experiments with mix¬ 
tures of gallic add and glucose made dear the error of the method employed, 
there remdns no longer any reason to doubt the results of hydrolysis 
also in the quantitative respect. They led to the condusion that in the 
purest tannin investigated by us one mol of glucose is combined with about 
10 mols of gallic add. Naturally the thought occurred to us to isolate 
intermediate products, in order, from their composition, to secure further 
data for judging the structiue. But these investigations have been com- 
pletdy fruitless, due to the tmpleasant properties of these substances 
which exdude every guarantee of their homogeneity. 

Besides gallic add, no other phenolcarbonic add has so far been fotmd 
in tannin, and our own investigations in this respect have given nothing 
new. The same holds for the hydrolysis with excess alkali, whidi begins 
at ordinary temperatures and on exclusion of air yields large quantities 
of alkali salt of gallic add in rdatively pure condition. Also here 
it appears to be very difficult to isolate homogeneous intermediate products. 
Under these conditions, it appeared desirable to proceed in the synthetic 
way in order to obtain an insight into the structure of the tannins. We 
have proceeded from the conception, that tannin contaixis no carboxyl 
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and that thus all the gallic acid must be bound as an ester. This condi¬ 
tion will be fulfilled if we can regard tannin as an ester-like combination 
of one mol glucose with five mols digallic acid according to the mantier 
of pentacetyl glucose. Bold as the hypothesis may appear at first glance, 
it has become the center point of all further investigation and through 
it has gained in probability. However, we must first choose a more modest 
goal for the synthesis, the pentagalloyl glucose, as the digallic acid is too 
difficultly accessible and also because its complicated composition introduces 
particular difficulty on the experimental side. 

Pentagalloyl Glucose. 

For the complete acylation of glucose, there have been found until 
now three methods: (i) Boiling with acid anhydride in presence of sodium 
acetate or zinc chloride. The best known example is the preparation of 
pentacetyl glucose, from which results, according to the catalizer used, 
the a- and /3-form. (2) Treatment with acid anhydride in presence of 
pyridine (Behrend). According to whether one starts with a- or id- 
glucose, there results the a- or /3-form. (3) Treatment with acid chloride 
in aqueous alkali solution (E. Baumann). The process has only been 
completely studied for benzoyl chloride, and gives only one pentabenzoyl 
glucose of m. p. 186-8®. For gallic acid, none of these processes was 
applicable, and even for the chloride of tricarbomethoxygallic acid the 
application was excluded in aqueous alkaline solution, because there 
would inevitably follow the destruction of the carbomethoxy groups. 
We were thus forced to search for a new process and have found it in the 
combined action of the chloride with tertiary bases, for which quinoline 
has proven to serve particularly well. As a solvent we used dry chloro¬ 
form, the chloride being very easily taken up in this. However, the glu¬ 
cose is especially difficultly soluble in it. But if it was shaken in finely 
pulverized condition with chloroform, quinoline and a moderate excess 
of tricarbomethoxygalloyl chloride for 24 hours, complete solution en¬ 
sued. By precipitation with methyl alcohol, the product of this coupling 
may be easily isolated. After appropriate purification, there is formed 
a feathery, colorless, amorphous powder. We have designated it as penta- 
tricarbomethoyxgalloyl glucose. By careful saponification with excess 
of alkali in aqueous acetone solution at the ordinary temperature, there 
was obtained from this a tannin which we regarded as pentagalloyl glucose 
and which now shows surprisingly close similarity to tannin. An essential 
difference was evident only in optical rotation and the quantity of gallic 
acid which resulted on hydrolysis with sulfuric acid. 

However, I will not be reticent on the difficulty which the establish¬ 
ment of the empirical composition of such amorphous products involves, 
especially since the percentages for carbon and hydrogen differ only very 
slightly between pentagalloyl and tetragalloyl glucose. But we have 
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convinced ourselves in simpler cases, for example, in derivatives of ben-* 
xoic, bydroxybenzoic and salicylic acids, where the analytical differences 
for penta- and tetraacyl bodies are very much greater, that the process 
in fact gives the pentaacyl compound, and thus there exists no important 
ground for assuming that with galloyl bodies the reaction follows smother 
course. 

In spite of all this, the homogeneity of pentagsilloyl glucose is very 
doubtful; we hold it rather to be a mixtmre of two stereoisomers, for the 
investigation to be cited later, on the benzoylation of glucose in the same 
way, has shown that different products result, which owe their origin to 
the a- or jS-glucose. Here the pure a- or jS-benzoyl glucose can be isolated 
by crystallization, but the yield and other considerations show that in the 
crude product there exists a mixture of the two forms. The same could 
well hold in the case of the galloyl bodies, only here the separation of the 
pure substances is not possible on account of their amorphous nature. 

The pentagalloyl glucose is closely related to tannin in all its properties, 
so that with its artificial preparation the principal aim of the synthesis 
seems to be attained. But before one can speak of a complete solution 
of the tannin question its synthesis also must be realized. How far we 
have approached to this goal, the investigation on the synthesis of tannin 
and methylotannin will show. 

Methylotannin results, according to the researches of Herzig' and his 
students, from the action of diazomethane on tannin. Since it is wholly 
indifferent towards alkali, one must assume that it contains neither carboxyl 
nor free hydroxyl groups. On hydrolysis, it yields according to Herzig, 
trimethylgaUic acid and the unsymmetrical m,^-dimethylgallic acid. Com¬ 
bining these observations with the previously advanced conception of 
the constitution of tannin, the conclusion follows that tannin is essentially 
an ester-like compound of glucose with five mols m-digallic acid, and the 
corresponding methylotannin the combination of glucose with five mol§ 
pentamethyl m-digallic acid. 

The following investigation on the synthesis of methylotannin rests 
on these considerations, and demanded large quantities of the hitherto 
unknown pentamethyl m-digallic acid: 

CHiO—( 

CHiO— 

CHK) CH ,0 

This was prepared from trimethylgaUoyl cblcnide and fH,p-dimethyI 
ether gallic acid, and fcxr the latter we discovered a new, rather good method 
* Bat.,, 38,989 (1905): MotuUsh, 30,543 (1909). 
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of preparation,^ by coupling in an aqueous alkaline solution.^ In the 
same manner the isomeric pentamethyl-/>-digallic acid® resulted from tri- 
methylgalloyl chloride and syringic acid. For differentiating the two 
isomers, the methyl esters, which have been recently described by Mauth- 
ncr,* serve very, well, since they possess sharp melting points. 

The pentamethyl-m-digallic acid yields, further, a beautifully crystal¬ 
line chloride, and we have coupled this with a- as well as jS-glucose, ac¬ 
cording to the method mentioned before. In both cases products resulted 
which are to be regarded as penta-acyl derivatives of glucose or, more 
exactly, as penta-(pentamethyl-m-digalloyl)-glucose. 


CH.OR 



CH.OR 


CH,.OR 

They differ between themselves in optical rotation. Both are dextro¬ 
rotatory in acetylene tetracliloride and benzene, but the preparation from 
a-glucose shows a noticeably higher rotation. By repeated resolution 
the optical rotation changes, and we, therefore of necessity come to the 
conclusion that both preparations are mixtures, most probably of two 
stereoisomers, t. e,, are derivatives of a- or jS-glucose. We have now 
compared the preparations with a methylotannin, that we prepared from 
carefully purified tannin from Chinese nutgalls (Zacken-gallen) according 
to Herzig's directions, and have shown their great similarity, particularly 
with the preparation from / 3 -glucose, the optical rotation in acetylene 
tetrachloride is very nearly the same.. 

We can scarcely doubt from these observations that the two synthetic 
penta-(pentamethyl-m-digalloyl)-glucoses are very closely related to 
methylotannin and probably possess the same or very similar structures. 
But no answer can 3ret be given as to a final identification; for with these 
high molecular amorphous bodies the general comparison methods of 
organic chemistry fail, and we must here, as yet, content ourselves with 
probabilities. ^Furthermore, I will not be reticent as to the fact that we 
have tried also to build up tannin itself artificially from m-digallic acid. 

* Fischer and Freudenberg, Bcr., 45, 2717 (1912)- 

* JWd„ 45 i 2718 (X912). 

* 46, XZ30 (19x3)* 

^ /. pfokU Chm.t {2I 85, 310 (19x2). 
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To this end, we have Ifirst worked out the previoltsly mentioned retiable 
and satisfactory method for obtaining the add itself. 

We have further proven its structure by complete methylation with 
diazo methane, i. e,, by changing it into the methyl ester of pentamethyl- 
w-digallic acid.^ We must make here the siurprising statement that the 
first crystallized digallic add, which according to the synthesis from tri- 
carbomethoxygalloyl chloride and 3,5-dicarbomethoxygallic acid appeared 
to be the p-compound,^ has not this structure, but probably consists chiefly 
of m>digallic acid.® For, complete methylation yields every time the 
methyl ester of pentamethyl-m-digallic add, m. p. 128*. The results 
show again how important complete methylation is for comparison of 
complicated depsides. 

We have tried, further, to change m-digallic add into its pentacarbo- 
methoxy compound. The reaction appeared to succeed with chloro- 
carbonic methyl ester and dimethyl aniline, and later the add was isolated 
from the crude product by careful treatment with alkali bicarbonate 
But now the difficulties began. We have in no way succeeded in ob¬ 
taining the carbomethoxy compound crystalline, and the chloride de¬ 
rived from it also remained amorphous. Therefore, the finally attempted 
coupling with sugar was so unsuccessful that we cannot speak of any 
exact results. The synthesis of tannin in the meaning intended by us, 
which I hoped to be able to announce to you today, is thus as yet an 
unsolved problem. 

Also the question of structure is not thoroughly answered. One can 
only say that our hypothesis is as yet the best expression for the observa¬ 
tions. But it must not be forgotten that the results of elementary analysis, 
or of hydrolysis, give no certain differentiation between a compotmd 
isi glucose with 9, 10 or 11 mols gallic acid, respectively. 

To this is also added the uncertainty whether tannin, after the best 
purification, is homogeneous. It could just as well be a mixture of very 
similar substances, for example a penta-(digalloyl)-glucOse with a tetra- 
{digalloyl)-glucose or tri-(digalloyl)-di-(galloyl)-glucose, etc. 

Further, it is possible, if not also probable, that the tanning substance 
contains in place of glucose one of its polysaccharides. 

Finally I must, in order to obviate misimderstanding, again emphasize 
the fact, that our observations have been limited to the tannin from Chinese 
nutgalls (Zacken gallen), which today seems to be the chief constituent 
of commercial tannin. It is thus not excluded that other relationships 
of sugar and gallic add will be encountered, with tannins of other origin, 
for example, that from Turkish nutgalls. 

In fact, according to the latest experiments of Dr. Freudenberg, a tannin 
1 E. Fisdier and K. Freudenberg, Ber,, 1127 (19*3)- 
41, 2890 (1908) ; Ann., 384, 225 (1911). 

< Ber., 46, 1118 (1913)- 
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from the so-called Aleppo-gallen (Merck), purified by the above process, 
shows noticeable differences. It is slightly levorotatory in aqueous solu¬ 
tion and gave, on hydrolysis, more than io% glucose. 

But all these questions are of inferior signification, in comparison with’ 
the proof that the synthetic pentagalloyl glucose is a tanning substancO 
of the tannin class. 

Other Natural Tanning Substances of the Tannin Class. 

There are numerous examples of sugar-*(’ontaining tanning substances.’ 
But in the majority of cases treated, they are amorphous, slightly investi¬ 
gated products; many of them appear to be true glucosides,^ particularly 
those which yield on hydrolysis aromatic phenol ketones. On the other 
hand, those which contain plienolcarbonic acids as constituents, appear 
not to be glucosides but, like tannin, to be CvSter-like derivatives of sugar. 
To this class belong, first of all, two crystalline tanning substances, the 
chebulinic acid of myrabolans and the Ilamamelis-tannin crystallized 
by Gnittner in Bohm’s laboratory, with which we have carried out some 
experiments. Tlie first, which according to H. Thoms is identical with 
the “eutannin'’ recently introduced in the trade, yields, under exactly 
the same conditions as tannin, by hydrolysis with .sulfuric acid, glucose 
which we have proven with all certainty.^ However, the quantity of 
gallic acid is noticeably small. Apparently the tanning material is an 
incompletely aoylated compound of glucose, or one of its polysaccharides,* 
and gallic acid. Recently, the investigations of H. Thoms and his student, 
W. Richter, on eutannin,^ have appeared, and contain many valuable obser¬ 
vations, but leave the sugar content of the tanning substance doubtful. 
On the other hand, I must say that 1 cannot assent to the speculations 
thus founded. The chebulinic acid demands a new, complete, investiga¬ 
tion before one can pronounce a final judgment on its .structure. 

The Hamamelis-tannin also gives, on hydrolysis with sulfuric acid, a 
sugar which is entirely different from gluco.se, and appears to be a hitherto 
unknown body.'* 

These observations show that the tanning substances can also be a 
source for new members of the sugar series. Dr. Freudenberg will ex¬ 
haustively investigate the sugar of Hamamelis-tannin. 

Whether the crystalline tanning substance of tea described by A. W. 
Naninga^ also belongs here, is still to be proven. 

^ The earlier custom of calling all natural derivatives of glucose, which are not 
simple carbohydrates, glucosides, cannot be retained. I regard as glucosides only 
those substances which are similarly constituted to the methyl or phenyl glucosides. 

* E* Fischer and K. Freudenberg, Ber., 45, gi8 (1912) 

* Work of the Pharmazeut. InsHtut d. Univ. Berlin^ p, 78. 85 (1912). 

^ E. Fischer and K. Freudenberg, Ber., 45, 2712 (1912). 

* Mededeelingen uiVs Lands Plantentuin Nr , 46; Onderzoekingen betreffende de 
Bestanddeelen van het Theeblad. 
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The process which served for the building up of pentagalloyl gluooae 
is easily applicable to other phenolcarbonic adds. As has been men¬ 
tioned before, the penta-p-hydroxybenzoyl-glucose^ was so obtained. 
It is very difficultly soluble in water and its elementary analysis undoubt¬ 
edly shows it to be a penta-acyl compound. The pentasalicyloglucose 
which will be fully described in a later publication, possesses entirely similar 
properties. Just as difficultly soluble in water is the corresponding de¬ 
rivative of caffeic add, which I had Mr. R. Oetker* prepare. The com¬ 
pound of pyrogallolcarbonic add, which we have designated as penta- 
pyrogallol carboylglucose,* has proven particularly interesting. It is 
isomeric with pentagalloyl glucose and shows in general the same behavior, 
although it shows a noticeable difference in its solubility in water. While 
the gaUoyl compound is easily taken up in cold water, the isomeric sub¬ 
stance is very difficultly soluble in hot water and is practically insoluble 
in cold water. The same also holds for its dark colored iron compound. 

On first glance, this difference in substances of so similar a structure 
as the two tanning materials, appears very surprising. But it loses in 
significance when one remembers that tannin and also the similar penta¬ 
galloyl glucose are inclined to form colloidal aqueous solutions. This 
property is present only to a slight degree or not at all in the isomeric 
compound. Such observations merit attention for the study of colloidal 
solutions, for they show how dependent their formation is on small differ¬ 
ences in the structure of the materials. On the other hand, the formation 
of hydrosols is of highest importance for the role which such substances 
play in the living world, and this applies also to their chemical characteris¬ 
tics, as proven by the case of the pentagalloyl glucose; for here it was not 
easy, on account of the difficulty in preparing aqueous solutions, to verify 
the astringent taste and the precipitation by glue solution. 

For all the above-mentioned glucose derivatives, the same thing holds, 
as I have before.drawn attention to in connection with the homogeneity 
of pentagalloyl glucose, t. e., they are probably mixttues of the two stereo- 
isomeric derivatives of o- and d-glucose. 

Like the sugars, the phenolcarbonic adds can be coupled with the true 
glucosides, as the preparation of the tetragalloyl a-methylglucoside has 
proved.^ That this also shows the characteristic properties, for example, 
the taste and the predpitation phenomena of tarming substances, is not 
surprising, since it is well known that ethyl gallate shows noticeable pre-. 
<dpitability by glue solution. With the methyl glucoside derivatives 

* B. Fischer and K. Pteudenberg, Ber., 45,933 (1913). 

* Will be published shortly. 

* B. FisCto and M. Rapaport, Ber., 46,3397 (1913). 

* Fischer and Freudenberg, lUd., 45, 934 (1913). 



SYNTHESIS OF DEPSIDES, LICHEN-SUBSTANCES AND TANNINS. II97 


there is obviously missing the complication which arises, as in the glucose 
derivatives, from the simultaneous formation of a- and /3-forms. 

According to the behavior of methylglucoside, it cannot be doubted 
that the simple polyhydric alcohols will serve for the same synthesis. 
We have so far combined only glyceroP with gallic acid, submitting 
the product merely to a hasty investigation, since such bodies exhibit 
no particular interest. 

Benzoylation and Cinnamoylation of Sugars and Polyhydroxylated 

Alcohols. 

By the application of the new acylation method to the simple aromatic 
chlorides, some new and noteworthy results were obtained. The benzoyla¬ 
tion of glucose has been carried out formerly only in aqueous alkaline 
solution, giving as a final product a pentabenzoyl glucose which melted 
at 186-8°, and for which I, in conjunction with B. Helferich, found in 
chloroform solution [af^ = 25.4°.® But the yield of this high melting 
preparation was very unsatisfactory (about 15% of the theory). A prepa¬ 
ration of about the same rotation and similar melting point can be ob¬ 
tained with a much better yield, according to the new process, by shaking 
/ 3 -glucose with a mixture of benzoyl chloride, quinoline and chloroform. 
On the other hand, a-glucose gave, under the same conditions, an isomeric 
pentabenzoate with a much higher rotation, = 107.6°, whose melting 
point, however, was rather inconstant.® 

That steric rearrsmgement takes place from the a- to the ^-form or 
conversely, was quite probable according to the resulting yield, and was 
proven by the following experiment: A mixture of a-glucose, benzoyl 
chloride, quinoline and chloroform, in the proportions used earlier, re¬ 
mained standing 20 days after complete solution had taken place. There 
had then separated a rather large quantity of crystalline / 3 -pentabenzoyl 
glucose. 

Still easier than the benzoylation, is the cinnamoylation of sugar with 
cinnamic acid chloride and quinoline. I have prepared with Mr. R. 
Oetker, in this way, the pentacinnamoyl derivatives of a- and /i-glucose, 
galactose, mannose, and the hexacinnamoyl mannite. They are all 
beautifully crystalline substances. By tliis process, the pentabenzoyl 
and pentacetyl mannose (m. p, 114-6°; [a]^ == —24.8°) were obtained 
crystalline. The detailed description of this investigation will soon follow. 
Experiments on the Partial Acylation of Sugar and Polyhydroxylated 

Alcohols. 

All the previously mentioned acylation experiments were directed 
towards the preparation of the end product and thus were carried out with 

^ Fischer and Freudenberg, Ber., 45, 935 (1912) 

• Ann., 583, 88 (1911). 

* Ber„ 45 i 2725 (1912). 
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an excess of acid chloride. To conduct the reaction only to an inter* 
mediate stage, the experimental conditions are also unfavorable; for the 
sugar on shaking goes gradually into solution in the acylaling liquid and 
is thus at the beginning in contact with an excess of the chloride. 

In other methods of acylation, for example, by acetylation with acetic 
anhydride or ben2;oylation according to Baumann, it is just as difficult 
to isolate partially acylated sugars in pure condition. One must, there¬ 
fore, seek for a new method for the preparation of such products, and here 
reflection suggests the partial protection of the hydroxyls of the sugar 
^by other groups which afterwards can be easily split off again. The 
acetone derivatives of the sugars and polyhydric alcohols, which were 
discovered by me, appear to be particularly useful for this purpose. vSome 
years ago, I carried out such experiments with acetone-glycerol,^ in order 
to prepare a monobenzoyl derivative with benzoyl chloride in alkaline 
solution. Unfortunately, the results were negative; for, under tlie condi¬ 
tions chosen, the acetone residue was split off and tribetizoyl glycerol 
formed. Perhaps this splitting can be avoided by excluding water ac¬ 
cording to the new acylation .metliod, and I am already occupied in this 
direction. If, in such a way, the partial coupling of sugars with phenol- 
carbonic acids can be realized, just as Irwin has recently succeeded in 
the partial methylation of glucose, it will mark an important advance 
in the synthesis of tanning substances. For, as I have mentioned before, 
chebulinic acid probably belongs in this class of partially acylated sugars, 
and it is to be hoped that the same is the case witli many other natural 
products which are easily soluble in water, and thus differ from the com¬ 
pletely acylated glucose derivatives, which are as a rule difficultly soluble. 
Physiological and Practical Significance of the S3mthesis of Tannins. 

The knowledge that ester-like compounds of sugar and phenolcarbonic 
acids form a great class of tannin-like tanning substances, is doubtless 
of importance to the plant physiologists. Especially interesting appears 
to me the fact that the sugar of plants can be used for esterification just 
as well as glycerol or the monohydric alcohols. The organism tolerates 
free acid, in general, only at definite places, as in the maw of animals 
or in unripe fruits, or in bark and shells, where they probably act as de¬ 
fensive agents. Generally it endeavors to neutralize the acid group. 
This happens often by salt formation, but much oftener by amide forma¬ 
tion, as in the proteins, or by ester formation, as in the fats. Under this 
now comes the esterification of sugars. Since sugars are much more widely 
distributeid than glycerol, I do not doubt that such ester derivatives will 
be met still oftener in the plant kingdom and perhaps in the animal king¬ 
dom also. 

I have in mind not alone the phenolcarbonic adds, but more espedally 
‘ Ber,, aS, 1170 (1895). 
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the numerous hydroxy acids of plants. That one has so far overlooked 
their sugar derivatives, does not surprise me, since they are probably 
easily soluble and easily saponified bodies. It has long been my wish to 
prepare such combinations synthetically, but the method for this must first 
be found. Probably the carbomethoxy derivatives recently discovered 
by me and my son will play a part in it.^ Previously I had to be contented 
with directing the interest of plant physiologists to these things. Per¬ 
haps we will find such esters in sweet fruits, which, in the unripe condition, 
contain noticeable quantities of glycollic acid and its homologs. I have 
myself carried out some experiments on this point, but so far without de¬ 
cisive results. I hope, later, to be able to communicate more definitely 
on this as well as on the unequal distribution of acids in the shell and meat 
of certain fruits, for example, the early plums. 

Both the naturalist and the synthetic chemist are often confronted 
by the question as what practical purpose the results of his work can 
serve, and to myself in a circle of scholars, as I exhibited the artificial 
tannin and an ink prepared from it, which aside from the water was en¬ 
tirely synthetically derived, the question was put: Is it cheaper than the 
ordinary ink? The answer was naturally negative, and so it must be also 
for the synthetic tanning substance, so far as concerns its use in the tannery; 
for here only very cheap substitutes, such as the recently introduced 
neradol of Stiasny, come into consideration. 

But the matter appears otlierwise when we consider that tannins in 
small quantities are constituents of important comestibles, such as wine, 
tea, coffee and numerous sweet fruits, on whose taste it has an influence 
not to be underestimated. If once synthetic chemistry breaks into this 
important field, of which I have no doubt, then, probably the synthesis 
of tanning substances will be honored also in its technical applications. 

High Molecular Substances.^ 

Among the before-mentioned products of the tannin synthesis many 
substances of rather high molecular weight are found; for with the penta- 
(tricarbomethoxy galloyl) glucose this total amounts to 1810, and for the 
penta-(pentamethyl-m-digalloyl) glucose it rises to 2051; which has given 
the inducement to apply this smoothly running ester formation with the 
members of the sugar group to still more complicated acids. For this 
purpose the higher fatty acids at first appear particularly useful, such as, 
stearic, behenic and melissic, but finally we have found, in the derivatives 
of gallic acid, especially its tribenzoyl compound, a still better material; 
it yields a beautifully crystalline chloride, which can be completely purified 
and can be prepared comparatively easily in large quantity. By combina¬ 
tion with mannite a neutral ester was prepared which has a molecular 

» Ber„ 46» 2659 (1913)* 

» E. Fischer and K. Freudenberg, Ber., 46, ui6 (19^3)- 
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nedght of 2967. The verification of the composition of such substances 
is rendered very difficult by the condition that the anal3rtical differences 
for carbon and hydrogen are not sufficiently great to determine the number 
of acyl groups with certainty. On this account we have incorporated in 
the molecule halogenated groups, in carder to have the percentage of halogen 
as a measure for the molecular weight of the final product. For this pur- 
pose, we have used the /^-iodophenyl maltosazone, which on the one hand 
is distinguished by its fine crystalline state, and on the other hand by a 
high content of halogen (33%). Its coupling with tribenzoylgalloyl chlo¬ 
ride yielded hepta-(tribenzoylgalloyl)-^-iodophenyl maltosazone, which, 
though amorphous, still possesses very fine properties, and on analysis 
gave such sharp figures that we have no hesitation in proclaiming it as 
a chemical individual. Its structure follows from the snytliesis and 
corresponds to the following formula, in which R denotes the tribenzoyl 
gallic acid: 

CH : NjH.CftHJ 

I 

C : NaH.CeHJ 

1 

CH.OR R » C 0 .C«H 2 ( 0 .C 0 .C*H»). 

I 

CH.OR R R R R 

I till 

CH.OR 00 00 

^1 II II 

CH2.O.CH.CH.CH.CH.CH.CH2 



Hepta-(tribenzoyl galloyl)-/>-iodophenyl-nialtosazone, C2joHi42048N4l*. (Molecular 

weight 4021.) 

The only uncertainty in the formula is the structme of the maltose 
residue, i. e., the coupling of the two glucose residues, a question, which 
in the foregoing case has no significance. The molecular weight amounts 
to 4021. The substance with this molecular weight stands at the head 
of all organic substances of known structure derived wholly by synthesis. 

We have finally proven, by freezing point determination in bromoform 
solution, that it, as well as a moderately closely related substance, for 
example, hexa-(tribenzoyl galloyl)-mannite, still satisfactorily obeys 
Raoult*s law. The hepta-(tribenzoyl galloyl)-f-iodophenyl-maltosazone 
exceeds in molecular weight the highest product of the polypeptide sjmthe- 
sis, the Weucyl-triglycyl-Meucyl-triglycyl-Meucyl-octaglycyl-glydne, by 
more than three times, and I believe, that it is also superior to the majority 
o^ natural proteins. However, for the beautifully crystalline oxyhemo¬ 
globin, as is well known, a molecular weight of 16,000, has been derived 
from its iron content, but against such calculations the objection can always 
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be made, that the existence of crystals in no way guarantees chemical 
individuality, particularly since it can be regarded as an isomorphous 
mixture, such as the mineral kingdom so often presents to us in the silicates. 
Such objections vanish with synthetic products, whose formation can be 
controlled by analogous reactions. 

The molecular physicists would do well in the study of high molecular 
substances to confine themselves to the synthetic products of known struc¬ 
ture. I will continue the experiments on the building up of giant molecules 
with the aid of the processes described. 

Certainly it offers in other respects a great incentive to test the pro¬ 
ductiveness of our methods. As is well known, the modem physicist 
is endeavoring to split up matter into smaller and smaller pieces. One 
is long since past the atom, and how long the electrons will be for us the 
smallest particles of matter, cannot be predicted. It seems to me that 
organic synthesis is called upon to accomplish the converse, i. ^., to ac¬ 
cumulate larger and larger masses in the molecule, in order to see how far 
the compression of matter can go, in the meaning of our present concep¬ 
tions.^’ 

I hope that the results to date will give an effective stimulus in this 
direction. 

[Contributions from the Sheffield Chemical Laboratory of Yale University.] 

RESEARCHES ON PYRIMIDINES. LXX. THE ISOMERISM OF 
4.PHENYLISOCYTOSINE. 

Bv Treat B. Johnson and Arthur J Hiel. 

Received March 23, 1914. 

Jaeger’^ observed, in 1891^ that guanidine carbonate and ethyl ben- 
zoylacetate interact smoothly, when heated in alcoholic solution, with 
formation of 2-amino-4-phenyl-6-oxypyrimidine (4-phenylisocytosine, (I) 
melting at 294°. The reaction may be expressed as follows: 

NH2 ^ 

i 

H,N — C .H,CO, + 2 C.H,COCHiCOOC!H, = 

1 NH 1 s NH — CO 

I 1 

2 HsN — C CH + aCjIUOH + 3 H ,0 + CO, 

II II 

N-CCeHs 

(I) 

Wannington* later reinvestigated this reaction and made the inter- 

' Cf. H. Crompton, Proc. Chem. Soc., 28, 193 (1912). 

* Ann,, 263, 372. 

« /. prakL Chem., [2] 47, 214 (1893). 
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esting observation that this pyrimidine, melting at 294^, is not the only 
product formed, and succeeded in isolating a second isomeric modifica¬ 
tion of the pyrimidine (I), which melted at 272-274®. The conditions 
under which this interesting substance was obtained are discussed in the 
experimental part of this paper. He also prepared the pyrimidine melt¬ 
ing at 294® by heating 2-thio-4-phenyl-6-oxypyrimidine (II) with ammonia. 

NH — CX) NH — CO 


CS CH + NH, « HjS + HN C CH 

I II • I 11 


NH — CC,H, 
( 11 ) 


NH — CC,H, 

(I) 


Warmington showed that the two bases differed decidedly in their 
solubility and crystalline habit, and concluded that they combined with 
hydrochloric add, giving different salts, which he represented by the 
formulas (CioH»ONa)i.HCl and (CioH90Na)i.HCl.HiO, melting at 269® 
and 276-277“, respectively. The two bases were recovered unaltered 
by decomposing their respective hydrochlorides with alkali. Both 
pyrimidines gave the same picrate melting at 241°, and also the same 
acetyl derivative melting at 248“. While the picrate underwent de¬ 
composition with alkali, with regeneration of the two isomeric p3nimidines, 
on the other hand, the acetyl derivative underwent hydrolysis, giving that 
modification which melts at 294°. 

Warmington found that both bases were converted smoothly into 
4-phenyluracil by hydrolysis with hydrochlorc add or by interaction 
with nitrous add, and also made the remarkable observation that the 
modification melting at 294“ can be transformed into the base melting at 
‘372“ by heating with alcohol or alcoholic ammonia at i8o“. In summar¬ 
izing his observations he wrote as follows: "Auf Gnmd dieser Versuche 
konnte wohl kein Zwdfel bestehen, dass die eben besprochenen Ver- 
bindungen tautomerer Art sind. Ihren Eigenschaften werden, wie 
schon erwdhnt, vielliecht folgende Eormeln am besten entsprechen: Da 


N - C.C,H. 

i I 

HjN.C CH 

II II 

N — C.OH 
(III) 


N: 

I 

HN - C 


:C.CiH, 

I 

CH 


NH — C.OH 
(IV) 


dieselben jedoch unter dem Einfluss der Reagentien mit der grdssten 
Leichtigkeit in dnander fibergehen, so ist es vorldufig unmdglich, die 
eine oder die andere Base mit der ihr zukommenden Formel bestinunt 
zu belegen." 

In all our previous work on guanidine-pyrimidine condensations, we 
have never encountered any cases of isomerism like this described by 
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Warmington. It has been our experience that two such formulas as 
represented by (III) and (IV) represent a single^ chemical individual, and 
consequently it was of especial interest to us to determine whether Warm¬ 
ington had correctly interpreted his experimental results. So far as the 
writer is aware, no one has hitherto attempted to confirm his work. We 
have now repeated that part of Warmington’s investigation, which deals 
with the chemistry of 4-phenylisocytosine, and have obtained some very 
surprising and unexpected results. Not only have we found that some 
of Warmington’s conclusions were incorrect, but we have also obtained 
new data, which have revealed the most remarkable case of isomerism so 
far recorded in the pyrimidine literature. A preliminary report of this 
investigation is now recorded in this paper. 

We have applied Warmington’s reaction according to his own direc¬ 
tions, and have confirmed his observations by isolating his two isomeric 
modifications of 4-phenylisocytosine. We found, however, that they 
melt somewhat higher than the temperatures recorded by him. The 
pyrimidine, which he found to melt at 294®, melts at 303® and the iso¬ 
meric modification melts at 279-280°, instead of 272°. The product 
melting at 303° we have designated as the 7-modification, and that form 
which melts at 279° as the 5 -modification of 4-phenylisocytosine. Our 
reasons for adopting this method of distinguishing between these two 
isomeric bases will be disclosed below. Both pyrimidines dissolve in cold 
sodium hydroxide solution and are reprecipitated imaltered by addition 
of an amotmt of hydrochloric acid sufficient to neutralize the alkali. If 
an excess of acid is added, the bases combine immediately, giving their 
corresponding hydrochlorides. 

Warmington concluded that the hydrochlorides of these two bases are 
different substances. We find that his interpretation of their constitu¬ 
tion was incorrect and that the two isomers combine with hydrochloric 
acid, giving the same salt. It is a monohydrochloride, containing one 
molecule of water of crystallization, C10H10ONSCI.H2O, and melts at 266° 
with decomposition. Warmington also observed that the two bases 
were recovered unaltered by decomposing their hydrochlorides with alkali. 
We now find that the 7-modification, melting at 303 °, is the stable form 
of the pyrimidine and is obtained by decomposing our hydrochloride with 
alkali. In other words, the 5-form of the pyrimidine undergoes trans¬ 
mutation into the 7-modification when treated with hydrochloric acid. 
A mixture of the two modifications melted at the same temperature as 
the stable 7-modification, namely, 303°. Microphotographs of these two 
modifications of 4-phenylisocytosine are represented in Figs. 3 and 4. 

Warmington and Jaeger' condensed guanidine with ethyl benzoyl- 
acetate under one condition only, namely, by digesting the carbonate 
> Loc. cit. 
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of the base with the jS-ketone ester in alcoholic solution. It was» theie^ 
fore, of especial interest to us to examine the behavior of the ketow ester 
towards guanidine, when digested in alcoholic solution in the presence of 
sodium ethylate. We have now effected the condensation under such 
conditions and have made the unexpected and most xemarkable observa¬ 
tion that an entirely different modification of 4-phenylisoc3rtosine is a 
product of the reaction. We have designated this as the o-modification 
of 4-phenylisocytosine whose microphotograph is represented in Fig, i. 
It melts at exactly the same temperature (279-280®) as the 5 -modifica^ 
tion of 4-phenylisoc)rtosine described above, but the experimental evi¬ 
dence indicates that they are not identical substances. The 6-modifica¬ 
tion can be repeatedly recrystallized from alcohol without any apparent 
diange. On the other hand, the a-modification undergoes a remarkable 
transformation, when subjected to the same treatment, and is converted 
into a fourth modification of 4-phenylisocytosine, which melts at 303®. 
The microphotograph of this new / 3 -modification of the pyrimidine is 
represented in Fig. 2. The striking difference in the crystalline habit 
of the two modifications (/S- and 7-; is apparent by comparison of their 
respective microphotographs. They also differ in their solubility in 
alcohol. Mixtures of the two modifications melt at 303®. 

The a- and j 3 -modifications of 4-phenylisocytosine are stable in the 
presence of alkali and are reprecipitated unaltered from alkaline solutions 
by the addition of hydrochloric acid. Both pyrimidines are converted 
into the same hydrochloric acid salt as is formed by dissolving the 7- 
and 6-modifications of 4-phenylisocytosine in this acid. In other words, 
they are both transformed by the action of the acid into the hydrochloride 
of the 7-modification. By treatment of the hydrochloride from either 
the a- or / 3 -modifications with ammonia the difficultly soluble 7-modifica¬ 
tion, melting at 303®, deposited immediately. Therefore the a-, / 3 - and 

6- modifications of 4-phenylisocytosine can all be transformed into the 

7- modification by conversion into their hydrochlorides and then decom¬ 
posing this common salt with alkali (ammonia). These unique and inter¬ 
esting relationships are represented below. The melting points of the 
possible mixtures of the four different modifications are recorded in the 
experimental part of this paper. 

a-Modiiication --—► /S-Modification 

m. p. 279-280*. \. y m. p 303®. 

X NH — CO X 


NH, C CH.HC 1 ,H ,0 


7-Modification (stable form), 
m. p, 303 * 



II II 

N-CC.H, 


\ 


^-Modification, 
m. p. 279-280*. 
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Regarding the constitution of these four isomers, practically nothing 
definite can be concluded from the available data. Two general and 
characteristic properties, however, are very suggestive; namely, that all 
four modifications are stable in alkaline solutions, and that all four forms 
combine with hydrochloric acid to give the same salt. It is not improba¬ 
ble that we are dealing simply with an unique case of physical isomerism, 
to express the chemical differences of the four modifications by correct 
stereochemical formulae is indeed a difficult matter, when one takes into 
consideration the great number of possible tautomeric formulae, which 
can be assigned to 4-phenylisocytosine. It is possible that unknown 
chemical differences may be revealed by the application of physico-chem¬ 
ical methods of research which will suggest structural differences, but it 
is true, that our present knowledge does not justify the adoption of definite 
structural formulas for the four compounds. The study of these isomers 
and of other closely related pyrimidines will be continued. 

Experimental. 

The a- and ^-Modifications of 2-Amino-4-phenyl-6-oxypyrimidine 

NH-- CO 

1 1 

{4-Phenylisocytosine), HsN.C CH . —The a-modification of this 

N-C CeH, 

pyrimidine is obtained by condensation of guanidine with ethyl benzoyl- 
acetate, in the presence of sodium ethylate. The following description 
of an experiment comprises the necessary information for preparing the 
base: Eight and nine-tenths grams of sodium were dissolved in 120 cc. 
of absolute alcohol, and 27 g. of guanidine thiocyanate (3 molecular pro¬ 
portions) and 15 g. of ethyl benzoylacetate added to the cold solution. 
The mixture was then digested on the steam bath for 10 hours. At the 
end of this time a thick magma of the sodium salt of the pyrimidine was 
obtained. The alcohol was then evaporated in an open dish and the 
residue finally dissolved in the least possible volume of cold water. This 
solution was then carefully acidified with cold dilute hydrochloric acid 

in order to precipitate the pyrimidine. Care must be taken here to 

avoid adding any excess of the acid, in order to prevent the formation of 
the hydrochloric acid salt. The pyrimidine sometimes separated as an 
oil, which finally solidified on cooling. At other times it separated at 
once in a granular condition. The yield of the base is not good, seldom 
exceeding 3 g. from 15 g. of the / 3 -ketone ester. This product was piu*!- 
fied by crystallization from absolute alcohol and deposited in tabular 
eiystals which melted at 279-280® with effervescence (Fig, i). The 
pyrimidine is soluble in hot water and sodium hydroxide solution, and is 
precipitated unchanged from its alkaline solutions by addition of acids. 

Calc, for CioHaONs: N, 22.46; found (Kjeldahl): N. 22.34. 22.31. 
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The fi'^ModificaHon. —Especially diaimcteristtc was the behavior of the 
above o-modification when heat^ in alcoholic solution. After long boil^ 
ing and subsequent cooling of the solution, it was observed that the a-fortn 
underwent a quantitative transmutation into a modification melting 
sharply at 303® with effervescence. This is designated as the jS-modifica- 
tions of the pyrimidine and its crystalline habit is represented in Fig. 2. 
That this raise of the melting point, by this treatment, is not to be ex¬ 
plained by removal of impurities, is established by the facts that the 
279-280® and 303® products contain absolutely the same amount of nitro¬ 
gen. A mixture of the two modifications melts sharply at 303®. The 
lower melting a-modification therefore apparently undergoes a rearrange¬ 
ment when heated with the /^-modification. It was also observed that 
the Of-modification slowly undergoes transformation into the higher 
melting form on long standing at ordinary temperature. The /S-form 
possesses properties much in common with those of the o-modification. 
A microphotograph of the /S-modification is shown in Fig. 2: 



Fig. I. —a-Modification of 4-phenyl- 
isocytosine crystallized, from alco* 
hoi. Magnified. 



Fig. 2.—^^-Modification of 4-phcnyl- 
isocytosine, crystallized from alco¬ 
hol. Magnified. 


Calc, for C10H9ON8: N. 22 46; found (Kjddalil): N, 22.34, 22.39. 

The Hydrochlorides of the a- and ^-Modifications of 2-Amino-4-pheyiyU6<- 
oxypyrimidine. —^Both of these modifications dissolved in warm hydro¬ 
chloric acid and were converted into the same hydrochloride. This crys¬ 
tallized from hydrochloric acid in hair-like crystals which melted at 266* 
with effervescence. A mixture of the two salts melted at the same tem¬ 
perature. This salt contained one molecule of water of crystallization. 
Attempts, however, to correctly determine the water by heating at 100^ 
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ilere unsuccessful. The salt underwent partial dissociation at this tcai' 
UNture with loss of hydrochloric acid and consequently the analytical 
IWBults were always too high. Analyses of the dehydrated salts showed 
tiutt the nitrogen content varied between that of the free base and its 


Mnhydrous hydrochloride, 

tf 

as would be expected. 
Anai^ysks. 

N. 

HtO (at 104 «). 

Cl. 


Calc. Pound, 

Calc. Pound. 

Calc. Pound. 

Hydrous a-hyd. chi. 

. 17.39 17.27 

7.45 7*72 

... ... 

CioHioONiCl.HjO. 

. 17-56 

10,42 


After heating to 104“. 

. . 18.79 19.73 

. . ... 

... ... 

CioH,oON,a. 

Hydrous /S-hyd. chi. 

CiJFJioON,Cl.H,0. 

. ^ 17-39 17 - 34 ' 

. ... 17-47' 


14.70 14.89 


' The /^-modification showed the same behavior on heating at loo*^ as 
that observed in the case of the a-modification. 

The Action of Alkali on the Hydrochlorides of the a- and ^-Modifications, 
—When the hydrochloride, which is formed from either of these two bases, 
is treated with the required amount of alkali (NH4OH) to neutralize the 
hydrochloric acid, neither the a- nor the /S-modification is precipitated. 
A third modification of the aminopyrimidine is obtained, which melts 
SLt 303® with effervescence. This base is far less soluble in alcohol than 
either the a- or /^-modification, and crystallizes in characteristic, slender* 
prisms. We have designated this as the 7-modification of 2-amino-4- 
phenyl-fi-oxypyrimidine and its crystalline habit is shown in the micro- 
photograph represented by Fig. 3. 

Calc, for CioHfONs: N, 22.46; found (Kjddahl): N, 22.50, 32.21. 

Behavior of the a- and ^-Modifications of the Pyrimidine towards Alkali ,— 
While these two modifications are transformed into the hydrochloride of 
the 7-modification by solution in hydrochloric acid, they are absolutely 
stable in alkaline solution. Both forms dissolve in cold, dilute sodium 
hydroxide solution. On acidifying these solutions with hydrochloric 
acid the a- and /8-forms are regenerated unaltered and melt at 279-280® 
and 303®, respectively. This stability in alkaline solutions is very re¬ 
markable. 

The 7- and h-Medifications of 2-Amino-4-phenyl-6-oxypyrimidine^ 

NH —CO 

I I 

HO^.C CH 

II II 

N-C.C,H, 

The Formation of the y-Medification by Digestion of Guanidine Car¬ 
bonate with Ethyl Benzoylacetate in Alcohol Solution, —^Ten grams of 
^ Nitrogen by Kjeldahl method. 







tTidi rttMAf B. JcAlK^lr AND ABTHim J. HltL. 

ethyl benzoylacetate and 5.3 g. of guanidine carbonate were dissolved 
in 33 cc. of absolute alcohol and the solution digested on the steam bath 
for seven hours. A thick magma of the pyrimidine was obtained. This 
compound is practically insoluble in all the common organic solvents, 
but crystallized from hot dilute alcohol in slender prisms. These melted 
at 303® with effervescence. Miictures of the a-modification and the 
j 9 -modification with this 7-modification also melted at 303®. In other 
words, both forms underwent transformation to the 7-form on heating 
with this substance. This 7-modification dissolved immediately in dilute 
sodium hydroxide solution and was repredpitated unaltered by addition 
of the required amount of hydrochloric acid. 

Calc, for CioHbONj: N, 22.46; found (Kjeldahl) N, 22.42. 22.48 

This 7-modification dissolves in hydrochloric acid, giving the same salt 
as the a- and /^-modifications. It contained one molecule of water of 
crystallization and crystallized in the same characteristic manner. 

Calc, for CioHioONjCl.HjO: N. 17.39; Cl. 14.70; found N (Kjeldahl)- 17 27; Cl, 
14.89. 

Nitrogen determination in the free base, which was obtained by decom¬ 
posing its hydrochloride with the required amount of alkali. 

Calc, for CioH»ONi: N, 22.46; found (Kjeldahl): N, 22.43. 

The ^-Modification of 2-Amino-4-phenyU6-oxypyrimidine .—In the pre¬ 
ceding preparation of the 7-modification, the mother liquor obtained 
after filtration was heated in a pressure tube at 160-165® with 5 g. of 
guanidine carbonate (Warmington's method). Heating was continued 
for 6 hours. The solution was then evaporated to dryness and the resi¬ 
due warmed with a dilute solution of hydrochloric acid. On cooling a 
colorless salt separated. This was dissolved in water and alkali added, 
when a crystalline substance separated at once. This crystallized from 
alcohol in tables or plates, which melted at 279-780® with effervescence. 
It was soluble in water. A mixture of this product with the a-modifica- 
tion (m. p. 279-280®) melted at the same temperature. On the other band, 
mixtures with the /?- and 7-modifications melted at 303®. Notwithstand¬ 
ing the fact that this substance and the ot-modification both melt at the 
same temperature, we have, however, obtained evidence that they are 
not identical. Consequently we have designated this substance as the 
6-modification of 2-amino-4-phenyl-6-oxypyrimidine. The a-mpdifica- 
tion is characterized by the interesting fact that it can be transformed 
into the / 3 -modification by boiling with alcohol. 'We have never ob¬ 
served such a transformation to take place in the case of this 6-modifica¬ 
tion. It was recovered unaltered after digestion in alcohol for 3 hours. 
In another experiment i g. of the pyrimidine was dissolved in about 
100 cc. of absolute alcohol and the solution boiled for 7 hours. On cool- 
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kig; the tmaltered pyrimidine was obtained and melted at 279-280® 
with effervescence. A microphotograph of this ^-modification is repre- 
sMted by Fig. 4. 

Calc, for CioHsONj N, 22 46; found (Kjeldahl) N, 22 53, 22 53 
9 IElbis modification dissolves immediately in dilute sodium hydroxide 
s<||tttion and is reprecipitated unaltered by addition of acids. Analysis: 

Calc for CioHflONs N, 22 46; found N, 22 60. 

When dissolved in hydrochloric acid it is transformed into the same 
as is obtained from the a-, jS- and 7-modifications. This melts at 
26#® with effervescence and contains one molecule of water of crystalliza- 
ticm. On decomposing the salt, by treatment in aqueous solution with 
the required amount of alkali, the 7-modification of the pyrimidine melt¬ 
ing at 303® was obtained. This result was entirely tmexpected, since the 
original base was obtained by decomposing its hydrochloride with alkali. 
Whether the presence of certain impurities retards the rearrangement, 
or whether the change is controlled by other conditions, such as tempera¬ 
ture, and concentration of solution must be decided by further work. 
Analysis of hydrochloric acid salt: 

Calc for CioHioONaCl.HjO N, 17 39. found N, 17 59 



Fig. 3.—7-Modification of phenyliso- 
cytosine, crystallized from alcohol. 
M*agnified. 


Fig 4 —6-Modjfioat4on of 4-phenvl- 
isocytosine crystallized from alco¬ 
hol Magnified 


Melting Points ok the Mixtures ok the Four Modifications of the 

Pyrimidines 

279~28o® a, 5 ; ot -i- 5 , 

30s$®. . . 7 , a -f iS, <* 4 - 7 ; iS -f 7, ^ 7 -h ^ 

All samples melt with effervescence. 

Nkw Hav«n, Conn 
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TBS CONSTXTimOlT OF THIOCBRONIC ACIO.^ 

By C. Louno jAcnoM and S. A. Beoos 
Received Merch 28, 1914 


Potassium thiochronate was first prepared by the action of alkdiae 
sulfites on chlcn'oanil by Hesse,* and later studied by Grieff* and still nuVe 
fully by Graebe,* who assigned to it Formula I, whidi has been uni¬ 
versally adopted, although to make it agree with the analyses it is neces¬ 
sary to assume that this salt retains a molecule of water of crystallizatiou 
even at i6o®. 


HO SO,K 



" SOiK HO SO,K KSO, OH 

(I) (ID (HI) 


SOdC 

o 



Our attention was called to thiochronic add by encountering it in the 
course of a research on the action of alkaline sulfites on tetrabromo-o- 
quinone,* and we were strudc by the fact that Graebe’s formula (I) does 
not emlain several ai the properties of the add, thus; 

(o) Tt is ydlow, but there is no structure, in Formula I, which would ac¬ 
count for tMs yellow color, for sulfonic adds, hydroquinones, and phenol 
sulfuric esters are all colorless. 

(h) Baumann* has prepared many of the phenol sulfuric esters by the 
action of potassium pyrosulfate on the potassium salt of the phenol, and 
has found that, while easily decomposed by adds, the phenol sulfuric ester 
is very stable toward alkalies, since it can be boiled with a strong solu¬ 
tion of potassium hydroxide without decomposition, and decomposes 
only dowly, even when heated with it in a sealed tube at 150®. The thio¬ 
chronate therefore can hardly be a phend sulfuric ester, because it is 
easily decomposed by potassium hydroxide with only nsodoute heating. 

{0) The pt^uct (A this decomposition is the potassium salt d euthio- 
dironic add, (Ct(0H)t(S0(H){02) an undoubted quinone, the appear¬ 
ance of which would not be expected from Formula I. In fact Gradie, 


‘ The work described in this paper formed part of a thesis presented to the Faculty 
of Arts and Sciences of Harvard University for the degree of Doctor of Philosophy by 
Sydney Adams B^gs. 

* Ann., 114,334 (i860). 

* Jahrb., 1M3, p. 393. 

* Ann., 146, 40 (1868). 

* The results of this research will appear in a later paper, 

* Ber., II, 1913 (1878). 
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ill order to explain this transformation, is obliged to assume that SOaK, 
splits off from one of the atoms of oxygen and hydrogen from the other, 
gaping acid potassium sulfite and leaving the quinone oxygens of the eu- 
tHiochronate. While it must be admitted that such a reaction is not 
iislpossible, we have not succeeded in finding any similar case in the chem- 
icAl literatme, so that, if this explanation is adopted, it can be only as a 
sttained hypothesis; and yet, this is the only way of explaining this action 
according to (I), since an experiment tried by us has excluded the more 
probable theory that the oxygen of the air entered into the reaction, con- 
vetting into the quinone the potassium salt of the hydroquinone, 

i C6(S03K)4(()K)2, 

wOich would be the first product of the action of potassium hydroxide 
oaif a substance with this formula. We found, however, that the euthio- 
cfalronate was obtained easily, when the potassium hydroxide acted on 
the thiochronate in an atmosphere of hydrogen. 

(d) A fourth objection to Formula I is found in tlie very slight stability 
of Baumann's phenol sulfuric esters, when alkalies were not present. 
Thus the potassium salt of resorcinol monosulfuric ester, the nearest re¬ 
lation to (I), of which Baumann gives the properties, decomposed frequently 
when its solution stood at ordinary temperature; and the phenol com¬ 
pound was decomposed by moist air, or when the attempt was made to 
dry it by heat; while the thiochronate is stable under all these conditions. 
It should be remembered, however, that the behavior of the sulfuric 
ester group might, perhaps, be modified by the presence of so many sul¬ 
fonic groups in the thiochronate, and this, to a certain extent, weakens 
the force of objections (b) and (d). 

These objections to Graebe's formula (I) induced us to consider a sec¬ 
ond formula (II) for potassium thiochronate, which is formed from 
quinone tetrasulfonate, C«(S08K)402, by the addition of a molecule of acid 
potassium sulfite to one of the carbonyl groups of the quinone instead of 
to both, as in Formula I, The four objections to Graebe's formula do 
not apply to (II). 

(o) The yellow color is accounted for by the remaining quinone oxygen. 
( 6 ) The easy decomposition by potassium hydroxide would be expected, 
for, although we know of no similar quinone derivatives, a substance with 
Formula II belongs in the same class as the addition compounds of acid 
potassium sulfite with ketones, or aldehydes, all of which, as is well known, 
mt easily decomposed by alkaline hydroxides. 

(c) Such decompositions yield the ketone, or aldehyde, juJSt as thio- 
chronic acid yields euthiochronic acid. The fact that such addition 
compounds of other quinones with acid potassium sulfite are not known 
may be due to the ease with which the quinone oxygen atoms are reduced 
by the sulfite; whereas the quinonetetrasulfonate, in our case, might well 
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continue tinreduoed long enough for the addition to take place, in vieir 
of the difficulty with which hydroquinones are formed from quinoMB 
highly charged with negative radicals, like the euthiochronate or chlomh 
anilic add. That the ring structure of the quinone would not prevent tihfe 
addition of acid potassium sulfite is shown by the formation of additiiia 
compounds from cydopentanone^ and c^dohexanone.* \ 

(d) In stability also, the thiochronate stands nearer to this dass of com¬ 
pounds than to the phenolsulfuric esters. 

The adoption of (II) necessitates the discussion of another set of reac¬ 
tions of the thiochronate. By the action of water at 130^-140®, or heat¬ 
ing with hydrochloric acid, or by treatment with reducing agents the 
thiochronate is converted into the potassium salt of hydroquinonedisal- 
fonic acid, C6Hi(S08K)2(0H)j, and at first sight this formation of a hydro- 
quinone seems to agree better with (I) than with (II); but this is only 
apparent, since in all these experiments a redudng agent is present, and 
tWs would convert the quinone, formed at first according to (II), into the 
hydroquinone, which is the final product. 

The arguments given above seemed to us to justify the adoption of (II) 
instead of (I), but, when we had arrived at this point, we were so fortunate 
as to stumble on new experimental evidence so convincing that it amounts 
to a proof of the correctness of (II). In the hope of determining the consti¬ 
tution of euthiochronic add, for use in the research on o-quinonesulfonic 
adds already alluded to, we treated dibromodiphenoxyquinone with acid 
potassium sulfite. The principal product was potassium thiochronate, 
so that the experiment threw no light on the structure of euthiochronic 
acid, but in addition to this we obtained a small quantity of a white salt 
containing* (S03K)6, which would be represented by Formula III, if (II) 
is adopted for the thiochronate. I^ is formed, therefore, by an addition 
of add potassium sulfite to the second quinone carbonyl in the same way 
that (II) was formed by addition to the first, and such a compound would 
be expected in this case. On the other hand, we cannot bring this sub¬ 
stance into harmony with (I), since according to that formula both the 
quinone carbonyls have taken part in the formation of the thiochronate, 
and this has left no way in which add potassium sulfite can cause the 
troduction of a sixth SOaK. And it is no better for Formula I, if we sup¬ 
pose that a compound with (SOsK)^ could be formed from it in some 
tmexplained way, for this could have only Formula IV. This is inail- 
missible, because such a compound must give hydroeuthiochronic add 
by the action of potassitun hydroxide in an atmosphere oi hydrogen, 
tW is, under these conditions it could not produce the quinone euthio¬ 
chronic acid, which was actually obtained by us in an experiment, and is 

1 Claisen, Ber , 8, 1257 (1875); Pinner, Ibid, 1$, $94 (1882). 

* Baeyer, Ann , 278, loi (1S94). * 



THB CONST^lTunON OF THIOCHRONIC ACID. 


1213 


llie natural product, if our acid had the constitution represented by (III). 
The white color is also explained by this formula, as the last of the chromo- 
Bhpric groups has been modified. We propose for our new compound 
the name hexachronic acid. 

To sum up our arguments, Formula II explains, while (I) does not, the 
yjellow color, the stability especially toward alkalies, the formation of 
espthiochronic acid and of hexachronic acid. 

Other unsuccessful attempts to determine the constitution of euthio- 
chronic acid led to an unexpected result, for, when bromoanilic acid 
wits treated with acid potassium sulfite, both the atoms of bromine were 
replaced by hydrogen, giving 1,2,4,5-tetrahydroxybenzene. We have 
been able to find only a few other cases in which bromine has been re¬ 
placed by hydrogen in aromatic compounds under the influence of sulfites, 
or sulfurous acid. Stenhouse obtained a partial conversion of bromo- 
anil into tribromohydroquinone, when sulfur dioxide acted on it in boiling 
water the formation of dianilino-/?-quinoneanil from dianilinobromo- 
(piinoneanil by an ethereal solution of sulfur dioxide^ has been observed; 
liScewise the formation of the corresponding dibromo compounds from 
tribromodinitro- and tribromotrinitrobenzene by alcoholic sodium sulfite.^ 

The marked difference between the action of the acid sulfite on dibromo- 
diphenoxyquinone, giving thiochronate and hexachronate, and on di- 
bromodihydroxyquinone (bromoanilic acid), giving 1,2,4,5-tetrahydroxy- 
benzene, is probably to be ascribed to the presence of free sulfurous acid 
in the latter case. Accordingly we tried to exclude this by using potas¬ 
sium bromoanilate instead of bromoanilic acid. To our surprise, each ad¬ 
dition of the salt to the acid potassium sulfite solution was accompanied 
by a brisk effervescence of sulfur dioxide, so that the conditions were the 
same as in the previous experiment and no light was thrown on the 
subject. The unexpected evolution of sulfur dioxide is undoubtedly 
due to the fact that the C6Br2(OK)2(OH)2 formed at first from the bromo¬ 
anilate is acid enough to decompose the sulfite. That the replacement of 
the bromine was not due to nascent sulfur dioxide was shown by treating 
potassium bromoanilate with free sulfur dioxide, when the bromine was 
eliminated with no more trouble than in the preceding experiment. Bromo- 
aniUc acid, on the other hand, when treated with sulfurous acid, loses 
bromine much less easily than the bromoanilate. It is to be observed 
that the bromine atoms in bromoanilic acid stand between two atoms 
of oxygen, and therefore in the position most favorable to their replace¬ 
ment by hydrogen, as has been shown by' numerous experim^ts tried in 

^ Ann. Supp., 8, 20 (1872). Similar work with chloroanil, Ibid., Supp. 6,214 
(1868). 

* Jackson and Porter, Am. Chem. 30, 518 (1903). 

* Jackson and Earle, Ibid., 26, 46 (19^1)- 
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this kl^ratory. Wbether the loosenltig of the bromine is due to 
hydxoxyls, or to a hydroxyl and a quinone oxygen, that is, whether tW 
quinone is reduced before or after the temoi^ of the bromine cannilt 
be decided on our present data. ^ 

Tin and hydrochloric add also convert bromoanilic add into i,2,4^5- 
tetrahydroxybenzene. The two atoms of oxygen therefore produce tfe 
same loosening effect on the bromine that has been observed previouJly 
with nitro or amino groups alone, or nitro in conjunction with hydrotyl 
groups.* * 

We found that the 1,2,4,5-tetracetoxybenzene melted at 226-2I7® 
(uncorr.) instead of at 217®, as given by Nietzke and Schmidt.* 'fhe 
i»2,4,5-tetrahydroxyben2ene yielded a well crystallized black tetrahydroky- 
qttinhydrone, when its solution was exposed to the air after addificatmn 
with hydrochloric add. 

Experimental. 

Preparation of Potassium Thiochronaie. —^The following method for 
preparing thiochronic add gives a better yield than those previoutiy 
described:* Ten grams of chloroanil were heated with a solution of 50’ g. 
of dipotassium sulfite (prepared just before the experiment) in loo cc. of 
water. After boiling for 20 minutes the liquid was allowed to cool and 
the yellow solid washed with cold water and recrystallized from boiling 
water. The yield was about 9 g., that is, 32% of the theoretical. 

Action of Potassium Hydroxide on Potassium Thiochronate in an At¬ 
mosphere of Hydrogen. —slow stream of hydrogen was passed through 
two Erlenmeyer flasks, escaping from the last through a Bunsen valve 
to prevent the entrance of air. The first of these flasks contained the 
solution of potassium hydroxide, the second 10 g. of potassium thio- 
dnonate in 50 cc. of water. Aft€f the apparatus was full of hydrogen, 
the contents of each flask were boiled, until all the dissolved air had 
been expelled, when, by tipping the first flask, the potassium hydroxidfe 
was forced over by the hydrogen into the second. The solution tumeki 
very dark at first, and then became light yellow, and deposited a yellow 
solid, which was filtered out after the liquid had ccx)led in the atmosphere 
of hydrogen. The yellow solid was recognized as the tetrapotassium 
salt of euthiochronic acid by the addition of a drop of dilute hydrochloric 
acid, which converted it into the very characteristic vivid red tripotas¬ 
sium euthiochronate, which was again changed to the yellow tetrapotas¬ 
sium salt by a few drops of potassium hydroxide. 

^ Schliepper, Ber,, 2$, 553 (1892); 36, 2465 (1893); Habner, Petcrmann, Ann,, 
I 40 f 135 (1869); Bassmatm, Ihid., 191, 244 (1878); Zincke, Ber., 5, 792 (1872); Jackson, 
Calvert, Am. Chem. xS, 467 (1896). 

* Ber., 31 , 2378 (1888). * 

‘ Hesse, Ann., 1x4, 324 (1860); Graebe, Ihid., 146^ 40 (x868). 
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Action of Acid Potassium Sulfite on Dibromodiphenoxyquinone> —One 
ggram of dibromodiphenoxyquinone was heated on the steam bath in an 
Brlenmeyer flask with a solution of 5 g. of acid potassium sulfite in lo cc. 
of water> but, as there was no action, enough potassium hydroxide was 
added to start a reaction. When the solution had turned brown, it was 
filtered, and .as it cooled it deposited yellow crystals. Seven grams of 
the dibromodiphenoxyquinone yielded about 6.5 g. of this crude product, 
which, on crystallization from water, was found to consist principally of a 
yellow compound mixed with a small amount of a white one. The yel¬ 
low substance, which contained no bromine, was purified by six crystalliza¬ 
tions from water. 

Subst. 0.3130, 0.3354; loss at 120® 0.0227, 0.0241. 

Calc, for C«(S0»K)60 iH. 4H20 (3HaO lost), 7.00; found: HtO. 7.25, 7.19. 

Subst. o 2891, 0.2854, K*S04 0.1772, 0.1753. 

Calc, for Ce(S03K)602H.Ha0, K, 27.28; found: K, 27.51, 27.57. 

These analyses show that it is potassium thiochronate, which, accord¬ 
ing to Graebe, contains 4 molecules of water, only 3 of which are given off 
at 120®; and this conclusion was confirmed by the fact that our substance 
showed the two characteristic reactions of the thiochronate. An aqueous 
solution gave a white precipitate with barium chloride, which melted when 
the supernatant liquid was boiled, and when treated with potassium 
hydroxide the boiling solution was converted into potassium euthio- 
chronate, recognized by the yellow color of its tetrapotassium salt, which 
crystallized out on cooling, and the red tripotassium salt obtained when a 
boiling solution of the yellow salt was treated with a few drops of dilute 
hydrochloric acid.^ 

Potassium Hexachronate, C«(S03K)4((0H) (S08K))2.3H20.—^The white 
part of the product from the action of acid potassium sulfite on dibromo¬ 
diphenoxyquinone was purified by crystallization from water and air 
dried. It contained no bromine. 

Subst. 0,3035, lost at 120® 0.0200; calc, for Cj(S0|K)eC>2.3H*0: H2O, 6.19; found: 

6.59. 

Subst. dried at 120® 0.2834, 0,1602; KjS04, 0.1824; BaS04, 0.2741; Calc, for 
€i(S03K)eOj, K, 28.65; S, 23,45; found: K, 29.89; S, 23.51. 

We propose for this substance the name hexachronic acid. 

Properties of Potassium Hexachronate. —White crystals, which lose 
crystal water at 120®. Very slightly soluble in cold water, more soluble 
in hot; soluble in alcohol. Strong hydrochloric acid, or nitric acid, pro¬ 
duces no visible effect; strong sulfuric acid dissolves it with evolution of 
sulfur dioxide. 

A little of the salt was dissolved in hot water and two drops of a solu¬ 
tion of potassium hydroxide were added, which turned the liquid yellow, 

^ Graebe, Ann., 146, 40 (1868); Hesse, Ibid., xx4, 313 (i860). 
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and on cooling yellow crystals were deposited. These were washed wth 
a little cold water, dissolved in hot water, and treated with a drop of djt- 
lute hydrochloric add, when the solution turned red, and on cooling vivid 
red crystals separated. There can be no doubt, therefore, that this prod- 
uct was potassium euthiochronate. The same result was obtained when 
the hexachronate was treated with potassium hydroxide in an atmospheife 
of hydrogen. The yield of hexachronate is vety small, most of the dl- 
bromodiphenoxyquinone being converted into thiochronate. For tMs 
reason we were unable to study other hexachronates. 

In an attempt to determine the constitution of euthiochronic add tike 
2,5-dichloro-3,6-dibromoquinone was treated with add potassium sulfite, 
and a product obtained which seemed to be a mixture of dibromohydro- 
quinonedisulfonate and the corresponding dichlorocompound, as the per* 
centage of potassium fell between those required by the former compound 
and the ‘chlorobromohydroquinonedisulfonate. As we found the composi¬ 
tion of the product was not changed by 5 crystallizations, we dedded it 
was an isomorphous mixture, and abandoned that line of work. 

Action bf Acid Potassium Sulfite on Bromoanilic Acid .—^This was an¬ 
other of our unsuccessful attempts to determine the constitution of euthio¬ 
chronic add. A solution of add potassium sulfite, containing 5 g. in 
10 cc. of water, was warmed in an Erlenmeyer flask on the steam bath, 
and I g. of bromoanilic acid was added in small portions at a time, the 
solution being kept just warm enough to dissolve the bromoanilic add 
at once. Each addition produced an effervescence of sulfur dioxide, and 
a white solid began to separate, after three-quarters of the add had been 
added. At the did of the experiment the liquid was allowed to cool, 
when the*white insoluble product was deposited in quantity, and it was 
found to contain potassium, but neither bromine nor sulfur. On at¬ 
tempting to aystallize it from water, in which alone it was soluble, it 
oxidized so rapidly that there was no hope of purifying it in this way. 
Accordingly, it was dissolved in hot water and treated with strong hy¬ 
drochloric add in excess, when, on cooling, yellow crystals were deposited. 
This behavior made it probable that the colorless cry*stals.were the potas¬ 
sium salt of 1,2,4,5-tetrahydroxybenzene, and the yellow crystals 2,5- 
dioxyquinone. We proceeded as follows to test this supposition: The 
yellow crystals were covered with strong hydrochloric add and heated with 
tin on the steam bath, till a colorless solution was obtained, which, after 
the excess of tin had been filtered out gave, on cooling, white crystals 
free from potassium. As the 1,2,4,5-tetrahydroxybenzene has no sharp 
melting point and the dioxyquinone does not melt, we converted our 
product at once into the acet compound by warming 2 g. of it with an ex¬ 
cess of acetic anhydride and 2 g. of fused sodium acetate in an Erlen¬ 
meyer flask on the steam bath. After 20 minutes 50 cc. of water were 
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added, which threw down the acet compound in practically quantitative 
yield. It was purified by crystallization from glacial acetic acid, until 
it showed the constant melting point 226-227^ (uncorr.). This was a 
great surprise to us, as Nietzki and Schmidt^ found that the 1,2,4,5-tet- 
racetoxybenzene melted at 217®. Since isomers are out of the question, 
we are of the opinion that the melting point given by Nietzki and Schmidt 
is wrong, because the following analysis shows that our substance is the 
tetracetoxybenzene: 

Subst. 0.1015; CO2, 0.2012, H2O, 00444; Calc, for CoH2(OC2HwO)4: C, 54.20; 
H, 4.52; found: C, 54.06; H, 4.86. 

The same compound was obtained when bromoanilic acid was heated 
with tin and hydrochloric acid, until the solution became colorless. 
Enough water was then added to dissolve the white solid with the aid of 
heat and the solution was filtered hot. On cooling, white crystals separated, 
which, after drying on a porous plate, were heated with acetic anhydride 
for half an hour. The product was precipitated with hot water, and 
after one crystallization from glacial acetic acid it melted at 224-225®. 
This, with the fact that it contained no bromine, was enough to show that 
it was the 1,2,4,5-tetracetoxybenzene. 

If a solution of the potassium 1,2,4,5-tetrahydroxybenzene was acidi¬ 
fied with strong hydrochloric acid and exposed to the air for two days, 
clusters of small, black, slender plates, terminated by a single plane at 
an oblique angle and showing a yellow reflex, were deposited, which we 
supposed were the quinhydrone. As an analysis would show nothing, 
we tested otn hypothesis as follows: A mixture of the tetrahydroxy- 
benzene and dioxyquinone with a little water was heated on the steam 
bath, when, on cooling, the same black substance crystallized out. Upon 
heating some of the original black crystals in matched watch glasses a 
yellow sublimate of dioxyquinone was obtained. There can be no doubt, 
therefore, that our new substance is a tetrahydroxyquinhydrone. 

Action of Acid Potassium Sulfite on Potassium Bromoanilate ,—^The 
potassium salt was made by adding potassium hydroxide in excess to 
bromoanilic acid suspended in warmed water. The salt went entirely 
into solution at one stage of the experiment, and was then precipitated 
by an excess of the hydroxide. The solid was sucked out on the filter 
pump and washed with a little alcohol; the preparation, therefore, could 
contain no free acid. The acid potassium sulfite was freshly prepared, 
and wanned, and treated with potassium hydroxide, drop by drop, un¬ 
til the odor of sulfur dioxide had disappeared. To such a solution, pre¬ 
pared from 5 g. of potassium hydroxide in 10 cc. of water, the bromo¬ 
anilate from I g. of acid was added in small portions at a time, while the 
solution was gently wanned. Each addition gave a vigorous effervescence 

1 Ber,, 31 , 2378 (1888). 
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of sulfur dioxide and the product was white and crystaUine. To this 
excess of strong hydrochloric add was added and the mixture exposed 
to the air» when in two days a fboe, black, crystalline predpitate of the 
quinhydrone was formed, showing that the original product was the 
1,2,4,5-tetrahydroxybenzene. 

A stream of sulfur dioxide was passed into water containing potassium 
bromoanilate prepared as above. A red predpitate looking like bromo- 
anilic acid was at first formed, but on longer action a colorless product 
was obtained, which, on exposure to the air, gave black crystals of a quin¬ 
hydrone, while the aqueous liquid gave a strong test for a bromide. 

Bromoanilic add warmed with water and exposed to a stream of sul¬ 
fur dioxide lost bromine, as was shown by a test for hydrobromic add 
in the filtrate, but this reduction took place more slowly than in the case 
of the bromoanilate, and was not complete at the end of the reaction, 

Cambkidos. Mass 


THE PREPARATION OF DIMETHYLGLYOXIME WITHOUT THE 
USE OF HYDROXYLAMINE. 

By J. M. J0HX.IN, Jk. 

Received April 6. 1914. 

Schramm^ has made the observation that isonitrosomethylacetone—the 
monoxime of diacetyl—dissociates, when treated with hydrochloric acid, 
into hydroxylamine, acetic add and other unidentified products, yield¬ 
ing upon evaporation 8i% of the theoretical amount of hydroxylamine 
hydrochloride. He also observed the formation of minute quantities of 
ethylmethylacetoximic acid—^the dioxime of diacetyl—by the interaction 
of the liberated hydroxylamine with the still imdissociated monoxime* 
He prepared larger amounts of the dioxime from the monoxime with 
hydroxylamine. 

V. Pechmann^ has since shown that, in part, the dissociation products 
of the isonitrosoketone are hydroxylamine and diacetyl. Diels and Jost* 
adapted this property as the basis of a method for the preparation of the 
diketone. Since dimethylglyoxime has been given, added importance 
through its employment in the qualitative and quantitative determina¬ 
tion of nickel, Gandarin^ has more recently pointed out that it can be 
more economically prepared by adding hydroxylamine to the sodium 
salt of the monoxime without isolating the latter as the add monoxime. 

Operating according to the modified method of Dids and Stephan^ 
for the preparation of diacetyl, 850 cc. of methylethylketone are mixed 
» Ber ., x6, 180 (1883). 

» JWd., JO| 3213 (1887). 

•XWei./SS, 3290 (1902). 

J.'praki. Chem.t 77f 4^4 (x9o8). 

» Ber ,, 40, 4337 (1907). 
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with 30 cc/ of concentrated hydrochloric acid and one liter of isoamyl- 
nitrite slowly added at^o*^. The resulting mixture is shaken with caustic 
soda, the alkaline layer acidified with 25% sulfuric acid, and, upon the 
addition of concentrated sulfuric acid, distilled witli steam for the re¬ 
covery of the liberated diacetyl. 

Recently, while operating according to this method of preparing the 
diketone, it was noted that if the reaction products are allowed to stand 
two hours before shaking with caustic soda, a mixture of minute quan¬ 
tifies x of ammonium chloride and dimethylglyoxime will separate from 
them. It was furtlier observed that if, after shaking with caustic soda 
and acidifying with 25% sulfuric acid, the mixture is allowed to stand 
24-36 hours large amounts of dimethylglyoxime will have crystallized 
out at the bottom of the flask, while the oily or solidified layer which 
rose to the surface of the liquid upon acidification will have almost dis¬ 
appeared. The mother liquor can be further treated for the recovery of 
diacetyl according to the prescribed method, while the crystalline di¬ 
methylglyoxime can be purified by boiling with animal charcoal and a 
large amount of water. Filtering by means of a steam funnel and cooling 
will result in a very pure product without considerable loss due to the 
recrystallization. 850 cc. of commercial methyl ethyl ketone will yield 
50-60 g. of the pure glyoxime as a by-product. 

Tschugaeff^ has mentioned some of the properties of the nickel salt 
of dimethylglyoxime. It was nevertheless considered of interest to further 
investigate some of these properties, as well as to study the conditions 
under which the acid dioxime will form the monoxime without the addi¬ 
tional use of hydroxylamine, and to study some of the properties of the 
dioxime itself. 

Thirty-five grams of pure dimethylglyoxime were steam-distilled in the 
presence of 200 cc. of 25% sulfuric acid freshly prepared from concentrated. 
The otherwise insoluble dioxime dissolved in the hot mixture, which, 
due to the fact that diacetyl was set free, became colored a greenish 
yellow. The diketone thus liberated was carried over in the course of the 
distillation and the liquid in the flask as well as the space above it became 
colorless. The steam-distillation was continued until the volume of 
distillate amounted to 500 cc. This distillate was saturated with salt 
and the mixture again steam-distilled. It was noted that after all the 
diacetyl had apparently been distilled over there still remained on the 
surface of the liquid in the flask a colorless oil which solidified upon coqh 
ing, while the condenser had become clogged with a crystalline substance 
which proved to be the monoxime of diacetyl. The distillation was 
continued and additional amounts of the monoxime recovered. 

The first part of the distillate was again steam-distilled, and the diketone 
^ Z, amorg, Chem.y 46, 145 (i905)» 
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which was recovered dried over calcium chloride. Subjected tto a distilla¬ 
tion it was found to boil within the range of 60-90®. It is evident, then, 
that pure dimethylglyoxime upon its dissociation with sulfuric acid 
yields other products besides diacetyt The yield amounted to 10% 
of the theoretical. Because of the small amount of the oil obtained, the 
nature of its complexity has not been investigated. Since the monoxime 
of diacetyl is readily soluble in water, no doubt the larger part of the 
original 35 g. of dioxime used remained behind in the form of the monoxime 
when the steam-distillation in the presence of sulfuric acid was carried on, 
while a lesser part was carried over as diacetyl or its monoxime during the 
distillation. 

The monoxime which was recovered as mentioned was dried upon a 
porous plate and found to melt sharply at 76®. It possesses the sweet 
pungent taste of diacetyl itself and when exposed to the air in an open 
dish will volatilize completely at room temperature. Its dissociating 
properties were further studied. 

A small portion of the monoxime was dissolved in water, a few drops 
of dilute hydrochloric acid added and to the mixture immediately added 
a few drops of ammoniacal nickel solution. An immediate heavy pre¬ 
cipitation of the nickel salt of dimethylglyoxime resulted, indicating the 
readiness with which the monoxime will dissociate into hydroxylamine 
and diacetyl which products recombine in neutral or alkaline solution to 
form the less soluble dioxime. 

A second portion similarly treated with dilute sulfuric acid was found 
to dissociate less readily. The dissociation was hastened by boiling, 
whereupon to immediate precipitation of the nickel salt was obtained 
when a tew drops of an ammoniacal nickel solution were added to the 
mixture. 

A third portion was allowed to stand with dilute acetic acid for two 
weeks. Tests made with ammoniacal nickel solution at repeated intervals 
showed that none of the monoxime had dissociated. 

A fourth portion was dissolved in water, a few drops of ammoniacal 
nickel solution added and the mixture allowed to stand for two weeks. 
The mixture gradually assumed a slight yellow color but there were no 
indications of the formation of a precipitate, even upon boiling. 

Further indications of the dissociating powers of these adds are ex¬ 
hibited by their action upon the nickel salt of dimethylglyoxime. When 
this salt is treated even with dilute hydrochloric add the insoluble add 
dioxime is at once liberated; upon standing for an hour the dioxime will 
also completely dissolve in the hydrochloric add. 

Similar treatment with dilute sulfuric add will set free the add dioxime 
from the nickel salt less readily, and, even when boiled, the action goes 
Ik at a much slower rate than when dilute hydrodiloric add is used. 
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Tschugaeff observes that sodium hydroxide is without effect upon the 
nickel salt and that even boiling glacial acetic acid causes but little de¬ 
composition. It is to be observed that when the nickel salt is treated 
with a boiling solution of even dilute caustic soda complete decomposi¬ 
tion will be effected. A 25% acetic acid solution will also slowly de¬ 
compose the nickel salt, which will again reprecipitate when ammonium 
hydroxide is added. 

From the properties which have been exhibited by dimethylglyoxime 
aftd isonitrosoacetone, it appears that treatment with sulfuric acid, if 
it is not too concentrated, will afford the most satisfactory conditions 
under which the monoxime will dissociate and the less soluble dioxime 
precipitate as a result of this dissociation. 

SyRACUSK UmVBRSXTY. 


LIMITS OF THE ATTACHMENT OF AMINO GROUPS TO A 
SINGLE CARBON ATOM; ATTEMPTS TO PRE¬ 
PARE TETRAMINO METHANE. 

By JiTBNDRA Nath Raksrit • 

Received January 3, 1914. 

All attempts to prepare compounds containing more than two amino 
groups attached to a single carbon atom have resulted in combinations 
of nitrogen with the carbon in some other form, such as the cyanogen 
or imido group. Ammonia and chloroform* at red heat give hydrocyanic 
acid. Aniline and chloroform^ give formamidine, Ph.NH.CH : NPh. 
Chloropicrin* or carbon tetrabromide^ and ammonia give guanidine. 
Carbon tetrachloride also yields triphenyl guanidine with aniline. Guan¬ 
idine contains tlie largest number of nitrogen atoms which it has hitherto 
been found possible to combine with a single carbon atom. It was thought 
possible that the reduction of tetranitro methane might give tetramino 
methane, but on carrying out the experiment guanidine and ammonia 
were obtained. 

/NH2 

’ C(N02)6 -f" 26H « NH.C^ + NHs -f H82O. 

Experimental. 

Tetranitro methane was prepared according to Chattaway's^ method. 
Two hundred grams of zinc were kept immersed in a dilute solution of 
nickel sulfate over night. The nickel coated zinc was washed and trans¬ 
ferred to an Erlenmeyer flask and 5 cc. of tetranitro methane and 20 cc. 

' Andre, Compt. rend., 102, 553- 

* Hofmann, Proc. Roy. Soc., 9, 229. , 

’ Hofmann, J. Chem. Soc., 19, 251. 

* Bolas and Groves, Ibid., 24, 782- 

* J. Chem. Soc., 97, 2099 (1910). 
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water were added. Prom a buret, to% hydrochloric add was added 
in 4 cc. portions with constant shaking, the ten:q>erature being maintained 
at 20-25 **. When all dily drops had disappeared, further 20 cc. of dilute 
add was added and the mixture was left over night in a cool place. The 
solution was then decanted and the zinc was predpitated as carbonate 
with soda. The filtrate from the zinc carbonate was evaporated on the 
water bath after addulating with dilute hydrochloric add. The residue 
obtained was powdered on a mortar and extracted with absolute alcohol. 
The alcohdic extract was evaporated on the water bath and the residSk 
Was again extracted with a mixture of equal volumes of absolute alco- 
bd and-ether, and the extract evaporated. The substance thus obtained 
was free from ammonium and sodium chlorides. It was a white crystdline 
deliquescent substance. The fact that guanidine hydrochloride, like most 
other amine hydrochlorides, is soluble in alcohol or in a mixture of alco¬ 
hol did ether, and the insolubility of sodium and ammonium chlorides, 
rendered its separation simple. 

0.3161 g. gave 0.4690 g. AgQ; calc, for NHCCNH])|HC 1 : Cl 36.84; found: 36.69. 

0.10S& g. diloroplatinate gave 0.0393 g. Pt; calc, for [NHC(NHi)iHCl]iPtCl4: 
Pt = 37.00: found;37.38. 

TIk residue from the first extract was dissolved in a small quantity of 
water and distilled with caustic soda. The distillate was found to be am¬ 
monia pure and simple. 

This reduction was also carried through with tin and hydrochloric 
acid, with subsequent removal of the tin as sulfide. In this case the prod¬ 
uct obtained was a mixture of ammonium chloride and guanidine hydro¬ 
chloride. 

CHmvaits and Bzcxss Labokatony, 

CuBYoit HouM. Cax*cutta, Indxa, 

(9ONTIPSUTION8 OF THB DBPA&TMENT OF ChBMISTRY OF COLUMBIA UnIVBXSITY, 

No. 234.1 

THE ADDITION COMPOUNDS OF DIMETHYLPYRONE WITH 

ORGANIC ACmS.^ 

By Jambs Kbndau*. 

Recehred April 20, 1914. 

The addition products oi dimethylpyrone with adds are of spedal 
interest- in view of their connection with the oxonium theory of Collie 
and Hckle.* The hypothesis that oxygen may function as a quadrivalent 
atom was first brought into prominence by a study cS these compounds, 
the action being regarded as proceeding according to the equation: 

* Presented at the Cincumati meetinX*of the American Chemical Society, April 9, 

1914- 

* /. Chem. Soe., 75, 710 (1899). 
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It is assumed in this equation (no reason being given) that addition takes 
place by means of the oxygen in the ring. Subsequent investigators 
"have regarded the ‘‘carbonyl*’ oxygen in the side-chain as active, the ad¬ 
dition products formed being considered as analogous with those given 
aldehydes and ketones with acids. Since, however, ethers also react 
with acids to form addition compounds, it is evident that either assumption 
may be correct. 

Collie’s later views regarding the structural formulae of dimethylp)rrone 
and its salts^ lead to the following equation: 

O O 



Here dimethylpyrone itself is considered as containing a quadrivalent 
oxygen atom, and, in the addition compound, both oxygen atoms are 
regarded as quadrivalent. These assumptions are supported by the 
work of Homfray on molecular refraction,^ and also by the spectroscopic 
measurements of Baly.* On the other hand, Willstatter and Pummerer^ 
have advanced reasons against the assumption of quadrivalent oxygen 
in dimethylpyrone itself. 

It does not seem to be regarded as definitely established, indeed, that 
oxygen functions as a quadrivalent atom at all in the above reaction. 
Werner® has explained the constitution of the addition products with the 
help of his theory of subsidiary bonds. Gomberg and Cone* have denied 
the formation of an oxonium salt entirely, and consider the action as taking 

place according to the scheme: 

. O O 





CH, 


(III) 


c«o 


HO—C—X 


A great deal of evidence in favor of this view is adduced. 

* J, Chem. Soc.f 85 , 973 ( 1904 )- 

87, 1443 (1905) 

»/W^., 96, 144 (1909)* 

* Her., 37, 3740 (1904); 38, 1461 (1905)- 
^ Ann,, 322, 296 (1902), 

•Ibid,, 376, 217 (1910). 
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The most cogent arguments against the above conception of the reac¬ 
tion are to be obtained frofn the work of McIntosh,^ who has investigated 
these addition compounds by physico-chemical methods. Dimethyl- 
pyrone, dissolved in liquid hydrogen bromide or hydrogen chloride, gives 
a conducting solution. Dimethylpyrone itself is not an electrol5rte, con¬ 
sequently, combination with the solvent must have taken place. The 
compound cannot be represented according to (III) above, since an ad¬ 
dition product of such nature (with a halogen and hydroxyl attached to 
the carbon) should not be ionized. Furthermore, the addition products^ 
isolated were not necessarily equimolecular; for example, with HBr the 
three compounds C7H8O2, HBr; C7H8O2, zHBr; C7H8O2, 4HBr were ob¬ 
tained. These latter compounds can be represented satisfactorily only 

on the assumption that 
III both oxygen atoms in 
dimethylp)rrone are un¬ 
saturated, and may func- 
tion as quadrivalent. In 
the most complex salt, 
indeed,*' oxygen is re¬ 
garded by McIntosh as 
hexavalent. 

The work of Maass 
and McIntosh on the 
jj addition compounds of 
ethers and alcohols with 
the halogen acids* is also 
of importance, since in 
these substances there is 
no carbonyl oxygen pres¬ 
ent, and the action can¬ 
not be represented ac- 
^ cording to (III) above. 
In th(jse investigations 
100 75 50 25 o the existence of com- 



Per cent, dimethylpirrone 

I. Formic acid. Add 130® to temperature scale. 

II. Trichloracetic acid. Add 70 ® to temperature scale. 

III. Cinnamic acid. Temperature scale correct. 

IV. Mandelic acid. Add 30® to temperature scale. 

Fig. I. 


pounds is shown by an 
examination of the freez¬ 
ing point curve of the 
two-component system, 
ether (or alcohol)-acid. 


The experimental difficulties connected with the work (due to the very 
low temperatures of fusion of the substances studied) have caused the 
^ This Journal, 32, 542 (1910). 


34, 1273 (19x2). 
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important point that the above is a general method for the examination of 
organic addition reactions, to escape observation. 

In the following pages this freezing point method is applied to the 
study of the addition compounds formed by dimethylpyrone with organic 
acids. The addition products of dimethylpyrone itself have been little 
investigated, in spite of the large amoimt of speculation on the nature of 
oxonium compounds. It was consequently hoped that the results ob¬ 
tained by a systematic examination would throw some light on the prob¬ 
lems involved in the above discussion. 

The following compounds of dimethylpyrone with organic acids have 
already been described; 

(a) Collie and Tickle,* oxalate, tartrate, salicylate, chloroacetate, pic- 
rate. (All attempts to 
isolate the acetate were 
unsuccessful.) 

(b) Plottiikow:® tri- 

chloroacetate, tribromo- 
acetate. ^ 

The present investiga¬ 
tion comprises more than 
thirty organic substances 
of acidic nature (mono¬ 
basic, aliphatic and 
aromatic acids, and 
phenols). 

The theoretical basis 
of the method may be 
briefly outlined. If, to 
a pure substance, A, we 
add a second, B, the 
freezing point of A is 
lowered; similarly, addi¬ 
tion of A lowers the 
freezing point of B. 

Plotting temperature 
against molecular con¬ 
centration, we obtain two 
curves, which intersect 
at the eutectic point. 

If, however, a compound A^^B^ is formed, this also acts as a pure sub¬ 
stance, and its freezing point is lowered by addition of either A or B. 

^ Loc. cit. 



I Acetic acid. Add 90® to temperature scale. 

II. F-'Toluic acid. Subtract 20° from temperature scale. 

III. a-Naphthol. Add 60® to temperature scale 

IV, ^-Naphthol Temperature scale correct. 

Fig. 2. 
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Hence the freezing point curve exhibits^ in this case, a maxinmin, the 
position of the maximum on the axis of molecular concentration indicating: 
the composition of the compound* A series^ of compounds is indicated 
by a series of maxima on the curve. 

Now the action xA + yB -—► A,By is a reversible reaction, and the 
addition compound is always more or less dissociated into its two com¬ 
ponents. The maximum of the curve, therefore, is not sharp, but more 
or less “rounded-off.’' The flatness of the curve in the neighborhood of 
the maximum serves, indeed, as a measure of the degree of the dissociation.^ 
This is important in the consideration of the relative dissociation of the 
various compounds described below. 

In certain cases a compoimd is not stable at its maximum. Its com¬ 
position must then be determined either from the curve, by extrapolation, 
or experimentally by analysis of the solid phase separating from the solu¬ 
tion. 

Experimental. 

The ordinary Beckmann freezing point apparatus was employed. 
The outer*bath (paraflSn, water, ice—salt, or ether—carbon dioxide snow, 
according to the temperature required) was maintained at a temperature 
slightly below the freezing point of the mixture contained in the inner 
tube, and the latter slowly cooled, witli constant stirring. In favorable 
cases the solid phase separated out after very slight supercooling, and the 
temperature rose rapidly to the true freezing point.^ More frequently, 
however, considerable supercooling took place before crystallization began; 
it was then necessary to melt up again, preserving a small portion of the 
solid phase in the upper part of the tube, and repeat the experiment, 
seeding the liquid at intervals with crystals by means of the stirrer. In 
cases where crystallization was so sluggish that no rise of temperature on 
freezing could be obtained, the first sign of crystallization in the liquid 
under the above conditions was taken as indicating the freezing point. 
The temperature thus obtained could be confirmed by raising the tem¬ 
perature of the outer bath very slowly, and observing the disappearance 
of the solid phase. 

The thermometers employed in the investigation were: 

(a) a mercury thermometer, —lo® to no®, graduated in i/io®. 

(fc) a mercury thermometer, 90® to 200®, graduated in 1/5®. 

(c) an alcohol thermometer, 50® to —50®, which could be read to 1/5®. 
The thermometers were standardized at the freezing point and boiling 
point of water by the usual methods, and at other temperatures by com- 
^ KrtmAtm, Monats., 25, 1222 (1904). 

* This tnethod is obviously inapplicable on steep portions of the curve, where the 
freezing point of the mixture changes rapidly with change of composition. Here also 
it was necessary to employ the more tedious method of observing appearance or disap¬ 
pearance of solid phase. 
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panson with a standard thermometer. A temperature-correction curve 
for exposed stem was also obtained, and the necessary correction applied 
to every reading taken. ^ The constancy of the thermometers during the 
course of the investigation was examined by careful repetition of the 
above tests at intervals. The temperatures given in the tables below may 
be taken as having the following degree of accuracy: 

(a) between 200® and 100®: 0.2--0.5®. 

(b) between 100® and o®: o.i”0.2®. 

(c) between o® and —50®: 0.2-0.5®. 

The difficulty of measurement varied very considerably with the system 
under examination. In some systems, especially at low temperatures* a 
glassy mass was obtained in which it was extremely difficult to observe 
appearance or disappearance of crystals. 

The composition of the mixtures examined is expressed throughout, in 
the tables below, in molecular percentages of the components. A known 
weight of one component was taken, and successive quantities of the second 
introduced into the apparatus through the side tube in the form of com¬ 
pressed tablets. Liquids were added by means of the Lunge pipet. 
Deliquescent substances were introduced from a weighing bottle after 
careful drying in a desiccator, and contact with the outer air was made 
as short as possible. 

Dimethylpyrone melts at 132.1®, but begins to sublime below 80®, and 
above 100® the amount of sublimation in a short time is appreciable.^ 
Hence the freezing points of mixtures containing, in general, more than 
70% dimethylpyrone could not be determined by the ordinary Beckmann 
method. The following method was adopted, and, by it, results of ap¬ 
proximate but sufficient accuracy were obtained. A weighed amount of 
dimethylpyrone (about o.i g.) and a smaller amount (unweighed) of acid 
were introduced into a narrow glass tube, the tube sealed, and attached 
to the thermometer. Thermometer and tube were now immersed together 
in sulfuric add, contained in the inner freezing point tube, and the outer 
bath (paraffin) heated until the contents of the tube melted. It was usually 
necessary to repeat fusion several times before a homogeneous mixture 
was obtained. The freezing point could be determined, within 0.5 ® to i .0®, 
by observing disappearance of crystals with a slowly rising temperature. 
Finally, the composition of the mixture was determined by cooling the 
tube, dissolving the contents in water, and titrating the acid against a 
standardized solution of barium hydroxide.^ 

^ This correction varied from o.i ° at 50® to 1.6° at 180°. 

* This does not apply to mixtures containing only a small percentage of dimethyl¬ 
pyrone. Such mixtiures could be investigated up to 150® without appreciable sub¬ 
limation. 

« Where the acid was insoluble in water, or could not be titrated accurately against 
barium hydroxide, larger amounts were taken, and the acid used directly weighed. 
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The above prooedwe was necessary, in a few systems, thmughout a 
more extended range of concentration, owing to the volatility of the acid 
employed (e. g., formic acid, acetic add) at high temperatures. 

The purity of the substances used was tested by their point of fusion. 
For dimethylp3nrone, Poma^ has obtained the m. p. 132®, the value ob¬ 
tained with the Kahlbaum specimens employed* was 132.1*’'. Most of 
the adds were also pure Kahlbaum samples, and gave satisfaatory points 
of fusion without preliminary purification. Only in a few cases was it 
necessary to obtain a purer product by crystallization from a suitable 
solvent (e, g., trichlorobutyric acid from ligroin) or by freezing partially 
an impure liquid (e. g., formic acid) and rejecting the liquid portion. 

The following substances were investigated: 


Aliphatic adds. 

1. Formic 

2. Acetic 

3. Chloroacetic 

4. Dichloroacetic 

5. Trichloroacetic 

6. Trichlorobutyric 

7. Trichlorolactic 

8. /3-Iodopropionic 

9. Crotonic 

10. Chlorocrotonic 


Aromatic adds. 

11. Benzoic 

12. d-Toluic 

13. w-Toluic 

14. ;p-Toluic 

15. oc-Toluic 

16. Salicylic 

17. d-Nitrobenzoic 

18. Cinnamic * 

19. Hydrocinnamic 

20. Mandelic 


Phenols, etc. 

21. Phenol 

22. p-Cresol 

23. w-Cresol 

24. />-Cresol 

25. o-Nitrophenol 

26. w-Nitrophenol 

27. />-Nitrophenol 

28. (2,4)-Dinitrophenol 

29. Picric acid 

30. Trinitrotoluene 

31. tt'Naphthol 

32. ^'Naphthol 


Dibasic adds and phenols are not considered in the present paper. The 
results obtained are given in tabular and graphical form below. The 
freezing.point temperature is indicated by T. 

7. Formic Acid .—Kahlbaum sample froze at 7.3®. By means of 
repeated partial solidification, with rejection of the liquid remainder, the 
pure add was obtained, melting at 8.5®.® With dimethylpyrone two com¬ 
pounds were obtained: 2C7H8O2.3H.COOH and C7H8O2.2H.COOH, 
melting at 19.6® and 19.0®, respectively; both were confirmed by analyses 
of the solid phases separating from the solutions. From the freezing 
point curve (page 1224, Fig. i) it is evident that both compounds are con¬ 
siderably dissodated in the liquid state, the maxima on the curve being 
very flat. The following results are collected from several series of ex¬ 
periments: 

(a) Solid phase. CrHsOi. 

%C7H80*... ioo 85.6 76,0 65.9 60.1 54.650.847.845.944.1 43-5 43-3 
T . 132.1 132.5 112.5 98.0 84.570.958.145.035.124.920.419.0 

^ Ga%z. chim. ital., 41, II, 518 (1911). 

* For one sample the author desires to express his thanks to Professor Gomberg. 

• Compare Ewins, J. Chem. Soc., X05,350 (1914). 
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(b) Solid phase. 2C7H8O2.3H.COOH. 

%C?H«02... 42.6 41.9 41 7 40.7 405 400 39-6 39.0 38.5 37.3 36.5 

^. I9-I 19-3 19-6 19.5 19.6 19.5 19.6 19.4 19*2 18.8 

(c) Solid phase. C7H8O2.2H.COOH. 

% C7H8O2 .. 36.1 34-9 346 333 33.031.530.929.528.226.025.0 

T. 18.7 18.9 18.9 19 o 19.0 18.9 18.7 18.3 17 6 16.3 15.5 

%C7H802... 23.9 21.5 18.9 153 13.6. 

T. 14.3 II.I 7.0 —o 3 —^4.3 . . 

(d) Solid phase, H.COOH. 

% C7H8O2. .. 12.08357 o . 

T . —5 5 0.0 3 I 85 . 


2 , Acetic Acid, —From Kahlbaum’s glacial acetic acid a pure product, 
freezing at 16.4°, was obtained by the method of partial solidification 
described above. With dimethylpyrone the compound C7H8O2.CH3.- 
COOH was obtained; m. p., 30° (by extrapolation). The compound is 
not stable at its maximum. This explains the failure of Collie and Tickle 
to isolate dimethylpyrone acetate, since the salt can be crystallized only 
from solutions containing excess of acetic acid. The composition was 
determined by analysis of the solid phase. The freezing point diagram 
is given on page 1225, Fig. 2. 


(a) Solid phase, C7H8()2. 

% C7H8O2. 100 87 I 75 o 64 8 57 2 50.9 46.6 43 2 39 6 37.5 

T. 132 I 125.5 115 o 102 5 88.6 73 3 61 I 50.3 37 3 28.3 

(b) vSolid phase, C7H8O2.CH8 COOH. 

% C7H8O2. 34 9 33 4 28 5 23 9 20 4 . . 

T. 23 8 22 4 15 6 75 —0.4 

(c) Solid phase, CHj.COOH 

%C7H802 . 17.7 15 3 9 0 o 

T. —2 o 21 96 16.4 


j, Chloroacetic Acid ,—This acid has been shown to exist in three^ (per¬ 
haps four)^ crystalline modifications, melting at 61.3®, 56.2°, 50.2® (and 
43*75 respectively. The first three of these points were experimentally 
confirmed with the acid employed; all other values tabulated below are 
on the freezing point curve of the stable modification. An equimolecular 
compound was obtained, melting point 39.9°, just stable at its maximum, 
and comparatively little disvsociated. 


, (a) Solid phase, C7H8O2. 

%C7H*02 . 100 90 5 79-9 67 2 62 8 58 4 55 2 51.8 50 8 

T...^ . 132.1 126 o 116 5 97 2 87.9 1$ o 63 4 46.8 41 o 

(5) vSolid phase, C7H8O2 CHaCI.COOH. 

%C7H802 . 488 47 4 45 o 41 4 38 7 33 8 30.0 

T. 39.7 39.1 37 7 341 297 19 I 5.1 


» Muller, Z. physik. Chem., 86, 196 (1914)* 
• Pickering, /. Chem. Soc , 67, 664 (1895). 

















jAmm 


(c) S^d phase. CH.a.COOH. 

%C7H|0a. 27.4 23.0 17.5 950 o o 

T.•. 14,4 37.5 41.6 53.9 61.3 56.2 50.2 


4. DtcMoroacetic Acid .—^The point of fusion of this acid is still given in 
all books of reference as —^4®, although the value +10.8® was found by 
Pickering,^ The Kahlbaum sample employed gave considerable difficulty 
owing to persistent supercooling, but finally two freezing points were 
obtained: 

(a) +9.7® (by rapid cooling with ether—carbon dioxide). Attempts at 
further purification of the add did not raise this point of fusion at all. 

(b) —4.1® (by supercooling to —10® and long stirring). Hence it 
appears that the acid exists in two oystalline modifications. With di- 
methylpyrone the compound C7HgO1.CHCl2.COOH was obtained, m. p., 
22.9®, just stable at its maximum. It is possible that a second compound 
exists but was not isolated (the curve could not be completed between 
31.4-20.0% C7H8O2, owing to the mixture supercooling to a stiff glass 
without crystallization). 


(a) Solid phase, C7H1OS. 

%C7HiOj. 100 85.9 75 5 69.0 63.6 59.8 56.4 54.1 51.5 

T. 132.1 124.0 iii.o 99.1 85 3 72.5 56.6 43.2 26.0 

(6) Solid phase, C7H1O1.CHCl1.COOH. 

%C7H|Oi. 50.1 47.2 43.340.2 35.1 31.4. 

T . 22.9 21.7 17.1 II.I — ^4.1 — 21.2. 

(c) Solid phase, CHCli.COOH. 

% CiHiOi. 20.0 14 I 8.1 o o . 

T.—23.8 —9.0 o 8 9.7 —^4.1. 


5. Trichloroacetic Acid .—^The freezing point diagram is given on page 
1224 (Fig. i). Two compounds are obtained, C7H8O2.CClg.COOH 
(m. p. 44.8®) and C7H8O2.2CClg.COOH (m. p. 66.8®), both evidently 
quite stable and very little dissodated. Mixtures containing more than 
60% C7H8O2 decompose wry rapidly at their melting points, with evolu¬ 
tion of carbon dioxide, hence this part of the curve must be regarded as 
only approximate. 


(a) Solid phsise, CtHiOi. 

%C7H8C)i. lOO 85.0 71-4 66.1 61.1 57.6 55.5. 

T. 132.1 124.5 iio.o 99.2 83.8 67.1 52.9. 

(b) Solid phase, CTHgOi.CQi.COOH. 

%C7H|Oi. 52.7 49.9 47-6 45.4. .. 

T. 43.0 44.8 44.041.4.' 

(c) Solid phase, C7HtC)j.2CCli.COOH. 

%CiK% 0 % . 45,4 43.2 41.0 36.9 35.5 33.8 32.0 29.5 27.1 23.6 19.7 

T. 36.4 46.9 54.6 63.8 65.6 66.7 66.1 63.0 58.1 49.3 33.6 

(d) SoUd phase, CCl,,COOH. 

% CtHsOi . 19.0 16.5 12.9 7.5 o . 

T. 12.5 28.1 41.051.557.2. 


^ Lac. cit. 
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Tfichlofobutyric Acid,* —^The curve obtained is very similar to that 
|i;iven by trichloroacetic acid above. Two compounds, C7H8O2.CH8.- 
CHCl.CClj.COOH and C7H8O2.2CHs.CHCl.CCl2.CpOH were obtained, 
melting at 56.2® and 33.8®, respectively. Mixtures containing excess of 
C7H8O2 decompose slowly at their temperature of fusion, with evolution 
"of carbon dioxide. The pure acid was obtained from a Kahlbaum sample 
by recrystallizations from ligroin. 


(a) Solid phase, CtHiOs. 

% CjHiO*. 100 89.8 81.6 73.2 67.1 64.8 61.5 38.2 

. 132.1 127.0 121.0 no.2 98.0 91.8 82.1 66.3 

(b) Solid phase, C7H,02.CsH4CU.C00H. 

% CtHiOs. 54 4 50.4 46.1 41.2 38.8 36 8 36.6 

^ . ... 53 4 56 I 53 8 47.8 42.5 35.2 35.1 

(c) Solid phase, C7H802.2C3H4.C1,.C00H. 

% CtHiOj. 34 3 32 7 30 5 27.6 23 4. 

' 1 '. 33 5 33 7 33 o 30 2 25.0. 

(d) Solid phase, CsH^Ch.COOH 

% CyHgOa. 28.1 24.9 20.4 17.3 13.1 7.5 o 

^ . —7-2 9.7 27 I 37.1 45 9 53.0 57.9 


7. Trichlorolactic Acid .—An equimolecular compound C7H8O2.CCI8.- 
CHOH.COOH (m. p. 54.5®) was obtained. 


{a) Solid phase, CTHiOa. 

% CyHfOa . . KX) 900 77 7 69 2 65.0 62.2 

T . 132.1 126 5 113 « 92 9 77 I 65 1 

{h) Solid phase. C7H8Oa.CCl3.CHOH.COOH. 

% C7H1OS. 58*5 55-3 50 5 44 9 418 39.3 36.8 33 9 

T . 49*5 52 7 54-4 52 6 49 8 46 9 43 6 38 5 

(c) Solid phase, CCl,.CHOH.COOH. 

% C7H8O2 . 33 9 30.0 26.8 22.0 170 10.1 o .... 

T. 21 2 43.2 59.3 83.0 95 4 106.6 113.8 


8 . fi-Iodopropionic Acid .—Here no compound was isolated, but, from 
the form of the curves, it is evident that combination in the mixture has 
occurred. (The freezing point of each component is abnormally lowered 
by addition of the other; contrast with o-nitrophenol, page 1237.) It is 
possible that the melting point of the compound is so low that its curve 
never enters the stable region (compare o-toluic acid, page 1232; it is more 
likely, however, that supercooling persisted, preventing the isolation of the 
compound as the solid phase. 


(a) Solid phase, CrHgOa. 

%C7H802. 100 85.0 75 7 65.0 57-2 50.3 44.4 •. 

T. 132 1 123.5 108 o 87 4 67 2^ 44.0 18.4 

(b) Solid phase, CH2I.CH2.COOH. 

%C7H,0, . 41 2 37-8 31-6 27-3 23.8 20.5 11.7 o 

T. 89 18.8 35.4 45.1 52.2 58.4 70.9 81 2 
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p. Crotonic Acid .—^An equimdtcular compound, CyHsOa.CHs-CH > 
CH.COOH is obtained; m. p. 52.2^ (by extrapolation). The compound 
is unstable at its maximum, and crystallizes only &om solutions containing 
excess of acid. 


{a) Solid phase, C7H|02. 

% CtHiOj. 100 87.6 76.1 62.8 54.6 49.9 45-4 

T.‘. 132.1 125.5 116.5 100.7 86.0 75.2 62.3 

{b) Solid phase, C7H.61.C1H6.COOH. 

% C7H1O1. 41.0 36.8 32.8 28.7 

'T. 50.0 47.5 441 39.2 . 

(c) Solid phase, C.H..COOH. 

% CyHaOi. 21.3 15.8 9.0 o . 

T.,. 49.4 56.7 63.6 71.0. 


10 . a-Chlorocrotonic Acid .—^The compound C7H8O2.CH8.CH rCCl.COOH 
was obtained; m. p. 45.8®. 


{a) Solid phase, C7H8O2. 

% C7H8O2.100 89,5 78.6 68.2 62.8 59 o 54.1 51 2 . 

T . 132.1 125.5 115 0 100 I 89 6 78 5 60 8 46.5 

(6) Solid phase, C7H802.C,H4C1.C00H. 

%C7H80i . 49.5 46.7 43 3 40 7 38.0 37 6 

T. 45-7 451 43-9 41-738.538.0. 

(c) Solid phase, C.HiCl.COOH. 

% C7H8O2. 38.0 35.6 35 3 34.5 31.8 28 3 25.9 19.0 10.4 o 

T. 39.0 46.3 47.4 49.957.365.471182892.9990 


II. Benzoic Acid ,—^The compoimd C7H8O2.C6H8.COOH was obtained, 
melting at 50.5®, and only just stable at its maximum. 


(a) Solid phase, C7H8OS. 

% G7H1O1.loo 89.5 81.1 74.2 68.5 63.5 58.9 55-953 050.5500 

T.132.1 127.0 120.0 III .5 102.4 93.1 82.6 74-263.853.550.5 

ih) Solid phase, C7H80*.C«H6.COOH. 

%C7H802. 50.0 49.4 47.4 459 43.8. 

T. 50.5 50.5 50.2 49.6 48.5 %. 

{c) Solid phase, CeHi.COOH. ♦ 

%C7H802. 41,3 37-9 34 7 30.9 25.3 18. i 9-5 o . 

T. 54.8 66.8 76.7 85.6 95.2105.2113.6120.8. 


12. o-Toluic Acid .—^The compound C7H8O2.C7H7.COOH was obtained, 
m. p. 48.0 ® (by extrapolation). The compound is unstable at its maximum; 
its total range of stability, from the freezing point diagram, extends only 
through 2% of the concentration range. 


* t {a) Solid phase, CtHiOi. 

% C7H1O1. 100 90.1 80.3 70.2 64.960.5 55*7 5 *-i 48 3 451 44*9 

T.., . 132.1 126.0 IZ7.5 104.0 94.9 86.x 74.6 62.0 53.4 43.643.0 
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(b) Solid phase, C7HsO2.C7H7.COOH. 

%C7HtOs. 45.2 44.3 43.8 . 

T. 47.2 46,6 46 2. 

(c) Solid phase, C7H7.COOH. 

% CtHsOs. . . . 44.9 43.8 42.2 40.135.429.620.7 10.5 o 

T . 43 o 46.2 50.4 55-7 66.0 77.2 89.3 97.8 103.4 ... 


13. m-Toluic Acid .—^The compound C7H8O2.C7H7.COOH was obtained» 
melting at 64.1 In common with the other compounds derived from the 
similar acids in ii, 12 and 14, this compound is considerably dissociated 
in the liquid state, as is shown by the flatness of the maximum. 


( a ) Solid phase, C7H8O2. 

% C7H«02. 100 900 79.0 68.6 64.4 586 54.0 

T. 132 1 126 5 116 o 102.0 94.4 81.0 69.1 

(b) Solid phase, C7H8O2.C7H7.COOH. 

% C7H8O2 .. 51-9 49 I 45 3 42.5 40 i 

T. 63 8 64.0 62 9 61.7 60.5 

(r) Solid phase, C7H7.COOH. 

% C7H8O2. 37-5 332 26.3 18.6 9.9 o 

T. 59.8 70.0 84 8 95 6 103.0 107.6 


14. p-Toluic Acid .—The compound C7H8O2.C7H7.COOH (m. p. 88.0®, 
by extrapolation) was obtained. This compound is unstable at its maxi¬ 
mum, and crystallizes only from solutions containing excess of dimethyl- 
pyrone. In this respect it is unique among the unstable compounds here 
obtained, since all others are crystallized from solutions with excess of 
acid. The difference is due merely to the very high point of fusion of the 
^^-toluic acid. The freezing point curve of the system is given on page 
1225, Fig. 2. 


%C 7 H, 0 ,. 

100 

(a) Solid phase, CrHsOa. 

87 3 79 2 72.6 

67 4 

63.0 

60.1 

T. 

132 I 

126.5 120.0 II 2 0 

103 1 

93.4 

86.3 

%C 7 H, 0 ,. 

(6) Solid phase, C7H8O2.C7H7.COOH 

59 5 57 2 55 0 53 2 



T . . 

85.0 

86 2 87.1 87 7 




%C 7 H, 0 ,.. .. 

50 6 

(f) Solid phase, C7H7.COOH. 
47 3 41-4 32 I 

21 4 

10.3 

0 

T. 

93-2 

106 9 *24 4 143 2 

rsS 6 

170 0 

178.5 


15. Phenylacetic Acid (a-toluic acid).—The compound C7H8O2.C7H7.- 
COOH was obtained; m. p. 24.6° (by extrapolation). The compound 
is unstable at its maximum. 


(a) Solid phase, C7H8O2. • 

%C7H.C)i .. »oo 8R o 76 3 70 I 64.4 60 o 54 1 48 9 47-0 43.4 40.2 

X. 132.1 125 o 113.0 105 5 94’9 83.1 69 o 51.6 44 2 25.4 5 5 
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( h ) Solid C7H|Oi>CrH7.COOH. 

%C7H80*. 41.1 40.2 38 s 3B.O.. 

T. 21.7 21.0 19.2 18.7. 

(c) Soli 4 phase, CtHt.COOH. 

% CtHsO* . 36.0 34.3 30.1 23.616.4 8.0 o . 

T. 19.2 25.9 37.8 51.662.470.876.7 

16, Salicylic Add .—^The compound C7H8O2.QH4.OH.COOH was ob-* 
tained, m. p. 71.9®. 

(a) Solid phase, CrHgOi. 

%C7H|Oi. 100 90.1 79.3 67.8 63.4 60.4 57.3 

T. 132.1 128.0 119.5 100.5 89.2 80.1 68.9 

(6) Solid phase, C7H«0,.C«H4.0H.C00H. 

%C7H$Oi. 56.0 '53.5 51 I 49-9 47-5 44 -o 

T. 69.1 70.7 71.6 71.9 71.1 68.9 

(c) SoUd phase, CgH4.OH.COOH. 

% C7H«02 . 43,2 39.3 32.7 27.7 174 10.I O 

T. 70.3 92.1 115.8 127.6 144.2 152.2 158.9 


17. o-Nitrobenzoic Acid .—The compound C7H8O2.CeH4.NO2.COOH, 
melting at 72.3°, was obtained. 


(a) Solid phase, CtHsO*. 

% C7H|02. 100 86.5 75.4 68 6 64.3 60.1 

T. 132 I 123.0 iii.o 98 9 90.1 76.3 

(6) Solid phase, C7HsO2.C6H4.NO7.COOH 

% C7H8O2. 57.0 52 I 499 46.9 43.9 40.8 

T . 68.9 71.6 72.3 71.6 69.6 66.1 

(c) Solid phase, CeH4.NO2.COOH 

% C7H8O2. 37 7 34-2 286 21.0 ri.5 O 

T. 76.1 90.5 108.4 124-9 137-4 *47-0 


18. Cinnamic Acid .—^The compoimd C7H8O2.C6H6.CH : CH.COOH 
(m. p. 73.2®) was obtained. The system is represented graphically on 
page 1224, Fig. i. It is evident that the compound formed is considerably 
dissociated in the liquid state. 


• (a) Solid phase, CyHsOa. 

% C7H8O2. 100 90.2 81.0 71.9 64.3 60.6 56.9 54.3 

T. 132.1 126.5 119.5 107.8 95.7 88.4 79.9 72.7 

(b) Solid phase, C7H8O2.C8H7.COOH. 

% C7H8O2. 52.0 50.0 48.2 44.6 . 

T. 73.1 73.2 73.1 72.4 . 

(c) Solid phase, C8H7.COOH. 

% C7H8O2. 43.5 40.3 36.3 30.5 24.8 13.9 9.1 o 

T.I... 75.0 87.0 97.4 109.0 116.4 126.3 131.8 136.8 


jg. Hydrocinn^mic Acid .—Here no compound was isolated. The freez¬ 
ing point diagram of the system, however, indicates the presence of^a 
compound in the solution (compare jS-iodopropionic acid, page 1231). 
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,4 > (a) Solid phase, CrHsOa. 

% CtHiOs . loo 89.9 80.2 72.3 69 4 66.0 63.0 59.5 56.7 33.1 50.2 

^. 132.1 126 5 119.0 110 o 105.4 99.5 93-3 86.7 80.1 69.7 60.6 

^CtHiOs. 47.0 43.3 39.9 36.6 . . 

^. 49.7 35-3 22.0 4.8. 

(6) Solid phase, CgHg.COOH. 

% CtHiO* . 33 7 26.7 21.1 15.3 8.6 5.0 o . 

^. 5 9 21.1 29.4 358 41.043.245.2 


20, Mandelic Acid .—Two compounds were obtained: C7H802.CftH6.- 
CHOH.COOH (m. p. 69.3°) and C7H8O2.2C6H5.CHOH.COOH (m. p. 
74.0^). The solutions of this system exliibit supercooling to a marked 
degree, consequently it was found possible to follow all the curves into their 
tmstable regions, and to obtain several freezing points for the same mixture, 
according to the solid phase separating out. Results are shown in diagram 
form on page 1224, Fig. i. 


(a) Solid phase, C7Hg02. 

%C7H|Oi. .. 100 88 5 81 o 76.0 72.467.5 62 4 58 455.9 ... 

T.132.1 123 5 116.0 109 7 104.7 94.8 82 o 68.1 66.4 . . 

( b ) Solid phase. C7HsO2.C6H6.CHOH.COOH. 

% CiHsOa . 56.1 546 52 I 50.0 473445 42.8 39.3366 . 

T . 66.5 67.5 68 9 69.3 68.8 67.2 66.1 62 9 60. o 

(c) vSolid phase. CtHsOj 2C6H6.CHOH COOH. 

% CtHsOs- 54.6 500 44.5 435 413393 36.6 34.333.332832.530.5 

T . 49 o 59 3 67 2 67.9 70 o 71 7 72 7 73 8 74 o 73 7 73 6 73 o 

(d) Solid phase, CeHg.CHOH.COOH. . 

%C7HsOi..,. 36.6 32.5 30 5 28.4 25.3188 10 6 o . 

T . 61.7 73.6 78.2 82,8 88.698.5108.0117.0. 


21 . Phenol .—No addition compounds of dimethylpyrone with phenols 
have been previously described. On examination, however, it was found 
that such compotmds existed, and were little dissociated in the liquid 
state, the maxima obtained being usually quite sharp. With phenol 
itself the compound C7H8O2.2C6H6.OH was obtained, with m. p. 36.8®. 


(a) Solid phase, C7H8O2. 

%C7H|0». 100 89.1 77.5 68.4 60.8 53 7 509 484 45.4 

T. X32.1 126.0 116.0 103.5 88 9 69 I 59 3 46.6 32.1 

(ft) Solid phase, C7H8O2.2C6H5OH. 

%C7H808. 43.1 40.4 38.5 35.4 32.6 293 24.8 212 18.5 

T. 280 32.0 34-1 36.1 367 356 29.7 223 156 

(c) Solid phase, CgHgOH. 

%C7H,0,. 13.8 8.4 o 

T. 16.6 313 42.4 . 


22 . o-Cresol ,—Here two addition compounds were obtained: CtHsO*.- 
CtHt.OH, melting at 54.4“, and C7H8O2.2C7H7.OH, melting at 50.4“, 
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both compounds are stable at tbek maxinta. (See diagram, page 1240,. 


Pig- 3 -) 

(a) Solid phase, CrHgOg. 

%C7H80*. 100 89.5 80.0 69,5 61.4 55.a 52.4 

T. 132.1 126.5 105*5 911 74 3 64.0 

(b) Solid phase, C7Ha0,.C7H70H. 

%C7H|C)2. 49 * 5 ? 46.6 43.1 39.6 .. 

T. 54*3 53.5 51.5 47.2. 

(c) Solid phase, C7Ht0i.2C7H70H. 

% CtHiOs. 39.6 36.6 33.4 29.5 24.0 20.6 17.2 13.2 13. 

T. 47.2 49.4 50.4 49.2 43.2 37.i 27.5 21.8 i&: 6 > 

(d) Sblid phase, C7H7.OH. 

% C7HgC)a. 13.9 11.0 5.5 ' o . 

T. 16.6 21.0 26.9 30.3. 


2j. m-CresoL —^The compound C7H8O2.2C7H7.OH was obtained; m. p* 
25 - 4 ®‘ 


(a) Solid phase, C7HgOt. 

%C7H|02. loo 85.0 74-464.858.753.650.0 45.943.941.0 

T . 132*1 123.0 112.0 97.2 84.2 69.8 55.6 35.3 24.7 4.5 

( 5 ) Solid phase, C7 HiO,.2C7H70H. 

% C7H1O1 . 41.6 38.2 34.732.028.423.019.0 14.3 .. 

T . 21.3 23.9 25.025.323.717.4 9-5—5 0 .. 

{c) Solid phase, C7H7OH. 

% C7Hi08. 9.5 4.8 O .. . 

T.—1.2 6 I 10.9. 


24. p-CresoL —^Two compounds were obtained: C7H8O2.C7H7.OH (m. p. 
29.5^, by extrapolation) and C7HgO2.2C7H70H (m. p. 20.3®). The former 
compound is tmstable at its maximum point. The form of the curve 
indicates strongly the presence of a third compound of the formula C7H802.-^ 
4C7H7.OH, but it was not found possible to isolate a compound of the 
composition, since the mixture of this composition supercools to a hard,, 
glassy mass, and no freezing point can be obtained. • 


(a) Solid phase, C7H1O2. 

% C7H|02. 100 885 77.2 67.6 61.4 54-9 51-0 4B.2 44.9 

T. 132.1 125.5 115.0 102.0 90.2 73.6 59.6 46.6 31.a 

(5) Solid phase, C7H,0*.C7H70H. 

%C7Hg02. 41.5 38.7 37-0. 

T. 25.7 22.4 19.6 

(c) SoHd phase, C7HSO2.2C7H7OH. 

% CTHiOg. 35.8 33.2 31.6 29.2 25.9 23.3. 

T. 196 20.3 19.7 17.5 11.2 1.2. 

• (d) SoUd phase, C7H7OH. 

%C7H802 . 17-1 13-3 7.1 o . 

T. —0.5 14.6 36.6 34.1 .. .\ . 
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25. o-NitrophenoL —^With this system the peculiar result was obtained 
tisat, not only could no compound be isolated, but the form of the curve 
allows conclusively that none exists in solution. The results are shown in 
*graphic form, together with those of the other mononitrophenols, which 
•exhibit quite different behavior, on page 1240, Fig. 3. It is evident that 
•o*nitrophenol and dimethylpyrone have no tendency to form addition 
^Mklucts; this is perhaps due to the influence of the nitro group in the 


<{>*position. 

(a) Solid phase, C7H8O2. 

% CtHsOs . .. iqp 90 4 79 7 68.0 61.5 56.1 51 3 46 8 42 2 37 3 32.3 27.5 

T.132 I 126.5 119 o no 4 104. 9 98.6 92 9 85.9 77 9 68.3 57 I 45.8 

( h ) Solid phase, C6H4.NO2.OH 

^CtHsOj... . 22 7 18 7 13 2 7.6 o . 

T . 32.7 35 I 38 2 41.0 44.7. 


26. m-NitrophenoL —^The compound C7H8O2.C6H4.NO2.OH, melting at 
<68.8®, was obtained. 


ia) Solid phase, C7H8O2 

%C7H80j.. . 100 906 80.7 703 653 61.0 57.4 

T. 132 I 127 o 118.5 104 2 93.8 81.5 67 o 

ib) vSolid phase, C7H8O2.CflH4.NO2.OH. 

%C7H802. .. * 53*8 508 483 454 42.1 392 36.2 33.0 31.5 

T. 68 I 68 7 68 4 66.9 63 o 58.8 52.9 45,9 42.6 

(c) Solid phase, CflH4.NO2.OH. 

% C7H602. 29 o 25 I 20.4 14 5 8 4 o 

T. 52 4 63 4 72.9 82 9 89 7 95-3 


27. p-NitrophenoL —^Two compounds were obtained: C7H8O2.C6H4.NO2.- 
OH, melting at 72.3®, and C7H8O2.2C6H4.NO2.OH, melting at 58.2®. 
Both compounds are stable at their maxima. 


(a) Solid phase, C7H8O2. 

% CtHsOi. 100 88.1 770 68 8 646 60.8 57.8 

T . 132 1 125.5 5 loi 3 91 4 ^0.2 68.3 

{h) Solid phase, C7H8O2.CflH4.NO2.OH 

%C7H802. ‘ 572 53.5 50.6 47.2 438 404 37.4 

T. 68.3 71.3 72 2 70 9 67.2 62.1 56.4 

(c) Solid phase, C7H8O2.2CflH4.NO2.OH. 

%C7HiO» . 37.4 34.3 33.6 329 31.6 30.0 . . 

T . 57.0 58.1 582 581 57.9 57.4 

(d) Solid phase, CflH4.NO2.OH. 

%C7H«02. 30.0 282 262 224 15.5 9.1 

-r. 57 4 65 4 72 2 82.2 96 6 105.2 113.8 

28. 2,4-DinitrophmoL —The compound C7H802.C6H8.(N02)2.0H was 
obtained; m. p. 78.4®. 

(a) Solid phase, CtHaOj. 

%C7H80* . 100 89.4 80.1 69.9 63.9 58.2 

-T. 1321 126.0 118.0 105.6 95*2 83.2 
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(ft) Solid phttle. C^lQl.C^.(m)WOH. 


%C7HfO|... $$.2 51.8 48.x 4^.0 4x8 ..4j 

T. 77.5 78.3 78.x 77.5 75*8 .; 

(c) Solid phase, Caii.(NOt)2.0H. 

%C7HtOs. 37-7 34-8 3x9 25.1 17.x 9*3 » 

T. 75.0 81. T 86.3 95.1 XO3.9 109.0 1x4. 0 » 


2Q, Picric Acid .—^The compound C7Ha03.C«Hs(N(D3)s.0H wasobtaixied; 
point of fusion, 100.8^. 


(a) Solid phase, CtHiOs. 

% C7H1O1... 100 88.0 78.7 74.4 70.6 67.5 .^. 

T.133.1124.0x11.2101.1 90.0 83.5. 

(ft) Solid phase, (i7H|0,.C«H4.(N0*)t.0H. 

%C7H|0*... 66.7 65.2 63.8 61.9 59.5 55*7 52.6 50.0 47.743.638.434.1 

T...... 81.9 86.7 89.3 92.9 96.1 98.9 100.2 100.8 100 4 98.8 94.9 87.6- 

(f) SoHd phase, C«H,.(N02),.0H. 

%C7H|Oi... 30.0 26.1 22.4 15.5 9.6 o . 

T. 87.5 92 4 97 4 104 8 no.6 118.4. 


30. Trinitrotoluene .—^The pseudo-acid trinitrotoluene was examined 
with dimethylpyrone, but no indication of compound formation could be 
observed. The curve resembles that of o-nitrophenol. 


(a) Solid phase, CrHfOs. 

% C7H1O1. 100 86.3 75,3 65.0 57.2 51 1 46.1 41 o 35.4 

T. 132.1 124,5 II 5-5 lo! 5-3 97-5 90*3 84.0 77.6 70.2- 

(ft) Solid phase, C7Hi.(N02),. 

% C7HtO». 29.1 24.1 15.6 7.8 o 

T. 64.2 67.4 72.4 76.7 80.7. 


31, a-Napkthol .—Interesting results were obtained with the naphthols;^ 
the freezing point diagrams are given on page 1225, Pig. 2. a-NaphthoI 
gives two compounds with dimethylpyrone: C7HaO2.C10H7.OH (m. p. 
69.8®, by extrapolation), and 2C7H8O2.3C10H7.OH (m. p. 79.1®). The 
former is unstable at its maximum. 




(a) Solid phase, CiHtOs- 

• 




% CrHrfD.. 

_ 100 

89.0 

77.7 

68.8 

60.5 

56.9 


. » 

T. 

- 132 • 1 

126.0 

116.5 

103.6 

85.2 

73 0 

. . 

. . 


(b) Solid phase, CjHrf),.CioH70H. 




% C7H8O3. 

. .. 54.x 

53 0 

51-5 

... 





T. 

.... 65.6 

67.8 

69.3 

... 



. . 



{c) Solid phase, 2C7HBO8.3C10H7.OH. 




% C,H,0,. 

.... 30.0 

48.8 

47.3 

45^3 

42.7 

40.6 

38.8 

37*3 

T. 

- 70.5 

73-2 

75-6 

77.4 

78.3 

790 

78.8 

78.4 

% C,HK),. 

.... 35.8 

34.4 

32.0 

29.8 

27.9 

25.0 

.. 

.. 

T. 

.... 77.6 

76.8 

73-8 

69.7 

65.9 

36.6 

. . 

.. 


tft 

(d) Solid phase, C10H7.OH. 





% CrHrf>,. 

.... 23.4 

20.7 

17.7 

12.0 

6.2 

0 

. . 

*• , * 

T. 

.... 5^ 0 

63.7 

73.8 

84.2 

90,7 

96.x 

. . 
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32. 0-Naphthol —Two compounds were obtained: 2C7H8O2.3C10H7.OH 
(m. p. 39.5®) and C7H8O2.2C10H7OH (m. p. 44.6°). The former com¬ 
pound is unstable at its maximum point, but, owing to the readiness with 
which solutions of this system exhibited persistent supercooling, it was 
found possible to carry the curve some distance into its unstable region. 
(See diagram, page 1225, Fig. 2.) 

(a) Solid phase, C7H8O2. 

% CtHsOj. . UK ) 87 6 76.3 66 6 6i 6 57.2 55.4 52.1 49 3 46.5 

T . 132 I 126.0 114.5 99.5 87 I 745 68.2 549 407 243 

# (6) Solid phase, 2C7H8O2.3C10H7OH. 


%C 7 H, 0 ,... 

46.5 

44 7 

43 8 

42.2 

40 6 

37.3 350 

T. 

36.6 

38.0 

38 4 

39.0 

39.4 

38.8 37-4 



( c ) Solid phase, C7H8O2 2C10H7OH. 

%C,H, 0 ,.. 

43 K 

40.2 

38. T 

35.9 

33-6 

33.0 ... 

T. 

34 4 

40-3 

42.5 

43-9 

44-5 

44.6 ... 




id ) Solid phase, C10H7OH. 

%c,h,o,. . 

30.2 

27 3 

25.1 

21.4 

14 1 

96 0 

T. 

54*5 

70.6 

79*9 

92 0 

107.9 

113.8 121.6 


Consideration of Results. 


Thirty-two organic substances of acidic nature have been examined 
with dimethylpyrone, and the existence of thirty-seven addition compounds 
has been indicated by the freezing point curve. These compounds may be 
divided into three classes: 

(a) 24 of the general type C7H8O2.HX. 

(t) 3 of the general type 2C7H8O2.3HX. 

(c) 10 of the general type C7H8O2.2HX. 

No instances of the formation of compounds containing excess of di¬ 
methylpyrone, or of mixed crystals, were observed. 

The addition compounds exhibited, in general, beautiful crystalline 
structure, either in the form of needles radiating from a common center, 
star-clusters, or lustrous plates. Consequently, in practically all of the 
systems examined, it was extremely easy to identify changes in the solid 
phase. 

The melting points of the compounds are usually much below those of 
their components. The few exceptions are to be found in those cases where 
the melting ix)int of one component is also very low. 

It is interesting to compare the difference in behavior of isomenc sub¬ 
stances examined. As examples the following may be noted. 

/. o-TolUic Acid.—The compound C7H8O2.C7H7.COOH crystallizes only 
from solutions containing excess of acid, m-Tolutc acid. The compound 
formed is stable at its maximum. p-Toluic acid. The compound crystal- 
Ifr^s only from solutions containing an excess of dimethylpyrone. ' 

//. o-Nitrophenol—Vlo compound is formed. m-NitrophenoL The 
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liifo 

ootnpound C7H|iO^C•H4.NO|OH ^ lortaied p-Nitrophmol. Two com¬ 
pounds: CrHtQt'CfHiNOt'OH and CTlEf(Oa.2C<H4NOi.OH arc fomed. 

HI. a-Naphthol.-^Tht compounds C7H«Oi.CioHyOH and 2 CtK(A>-' 
3 Ci(|H70 H am formed. ^-Naphikol. The compounds 2C7H*Os.3Cx«Hr- 
OH and CtH^.sCioHtOH are obtained. 

Particular attention is due to those compounds isolated, which are 
unstable at their maximum. These cannot be obtained at all by the simple 

method of mixing ^ 
components in the re¬ 
quired proportions. The 
freezing point curve 
gives, however, all the 
necessary data for the 
preparation of such a 
compound. For exam¬ 
ple, dimethylpyrone ace¬ 
tate, which Collie and 
Tickle failed to isolate, 
may readily be obtained 
as follows (see diagram, 
page 1225, Fig. 2)- A 
mixture of 35% dimeth- 
ylp)Tone and 65% acetic 
add (molecular percent¬ 
ages) is taken. This 
melts at 24°, and, on 
cooling, the solid phase 
separating out is the 
equimolecular compound. 
The best yield may be 
obtained by cooling to 
o“, filtering off the re¬ 
maining liquid, and dry¬ 
ing the crystals with filter 
paper. The compound thus obtained melts at 30°, at the same time de- 
ocmiposing into its components and depositing dimethylpyrone. 

The addition compounds obtained are always more or less dissodated 
into their components in the liquid state. Fcr the adds examined, the 
rule holds, in general, that the extent of dissociation is greater, the weaker 
tile add is. The degree of dissodation may be approximately determined 
by the sharpness of the maximum, i. e., the decrease in the temperature 
of fiilion of the compound on addition of either component. If dis-^ 
sedation is slight the decrease is rapid, with more highly dissociated axin'* 



I. f>-CresoL Add 140^ to temperature scale. 

II. 0>Nitrophenol. Add 100*^ to temperature scale, 
in. m-Nitrophenol. Add 40'’ to temperature scale. 
IV. j^Nitrophenol. Temperature scale correct. 

3. 
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ppimds the decrease is small and may even (in extreme cases) be con¬ 
verted into an increase.^ 

The following table shows the decrease in the temperature of fusion 
of the eC[uimolecular compounds of dimethylpyrone and acid, due to the 
additioti of 5% of acid, for all cases where data are available from the results 
given above. The dissociation constants of the acids^ are included for 

comparison. 


Add. 

T< 50 % C»H 80 *)~~T( 45 % CeHiOi). 

100 K. 

Chloroacetic. 

. 2.2° 

0.155 

Dichloroacetic. 

. 3-2 

5 14 

Trichloroacetic. 

. 4-3 

121.0 

Trichlorobutyric... 

. 3.5 

10.0 

Trichlorolactic_ 

.1.8 

0.465 

a-Chlorocrotonic_ 

. 1-3 

0.072 

Benzoic. 

.... 1.2 

0.0060 

w>Toluic. 


0.00514 

Salicylic. 

. . 2.1 

0. 102 

o-Nitrobenzoic. 

. 1.8 

0.616 

Cinnamic. 

. 0.6 

0.00355 

Mandelic. 

. 1.6 

0.0417 


The connection between the degree of dissociation of the compound 
and the strength of the acid is made quite evident from the above figures; 
the two extreme cases (trichloroacetic and cinnamic acids) are illustrated 
in the diagram on page 1224, Fig. i. The relation is important, but can, 
however, only be approximate, since for the acidic strengths we should 
compare values, not in aqueous solution, but in dimethylpyrone.® The 
dissociation of the compounds is also compared at their various points of 
fusion, whereas the temperature factor is important in regard to the degree 
of dissociation of addition compounds.^ 

The tendency to form addition products is greatest at low temperatures; 
this is well illustrated in the case of hydrates. The effect of temperature 
is best seen, in the results of the present investigation, in the compoimds 
formed from phenol and its derivatives. These are little dissociated into 
their components in spite of the weak acidic nature of the substances em¬ 
ployed, owing, in general, to their low temperatures of fusion. Tempera¬ 
ture seems, indeed, to be more important here than acidic strength, thus 
(to compare the stable 50% compounds) the compound of a-cresol is less 

^ Kremann, Monats., 35, 1222 (19<h)* 

* 08 twald, Z. physik. Ckem,, 3, 418 (1889). 

* The researches of Walden indicate that the general order of acidic strengths in 
two solvents will be the same, although exceptions are to be found* That dimethyl- 
pyrone is a good ionizing medium has been shown by Poma, G<uz. chim. iUU., 41, II, 

® The heat of fusion of the compound, which will vary in different cases, is also to 
he. considered. 
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dissociated than that of dinitrophendl^ or even than that of picric 
both of which have considerably higher melting points. 

ComtitwHon of Dimeihylpyrone and its Addition Compounds .—It remains 
to discuss the bearing of the results obtained on the several hypotheses as 
to the constitution of dimethylpyrone and its addition products, considered 
in the introduction. 

The difficulty of representing the structural formulae of compounds, more 
complex than equimolecular, except under the scheme (I), has already been 
mentioned. The thirteen compounds of the general types 2C7H8O2.3HX 
and C7H«02.2HX, obtained in the research, cannot be accounted for by 
(II) or (III), but may readily be expressed structurally according to (I), 

The mixture acid-dimethylp3rrone was, in every system studied, colored. 
The color varied from pale yellow (with weak acids) to dark red (with 
strong acids). In this connection the view of Vorlander and Mumme,* 
that the change of color is due to a change in the degree of saturation of 
one or more elements composing the substances, is of importance. 

A further point to be noticed is that the reaction between dimethyl- 
pyrone and adds is instantaneous. In no case could it be observed that 
the hreeising point of a mixture changed at all with time; equimolecular 
mixtures gave the same point erf fusion immediately after preparation as 
after several days. Similarly Baeyer and Villiger,^ who first stated that 
time was necessary for the formation of dimethylpyrone hydrochloride, 
subsequently’ withdrew this statement. Now, an organic reaction of the 
type (II), involving the breaking up of the simple add molecule as well 
as of the carbonyl oxygen linkage, would probably be a time reaction. 
On the other hand, ionic reactions oxei essentially instantaneous. 


We may consider the formation of the addition product CrHgOs.HX as 
I»oceeding as follows: 

O O 

+ H+ + X- 


c-o± 


u 


(IV) 


<: 


H 

X 


Dimethylpyrone is here regarded as the ionizing medium,^ and the carbonyl 
oxygen as primarily active. Formation of the more complex compounds 
involves the activity of the second oxygen atom. 

* Ber., a6, 1470 (1903). 

•Ibid., 34, 2679 (1901). 

•Ibid., 35, 3612 (1902), 

* The fact that dimethylpyrone is a good ionizing medium is also an indication of 
its unsaturated character. See Stieglitz, '^Qualitative Chemical Analysis/' l^art I, 
xpxXf P- 64, and Kendall, This Journai., 36, 1069 (1914). 
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This view is supported by the fact that the equilibrium point of the 
above reversible reaction (f. e,, the extent of dissociation of the addition 
ebmpound formed into its components) is a function of the acidic strength, 
as has been demonstrated above. The stronger the acid is, the more com¬ 
pletely does the reaction from left to right proceed. In agreement with 
this, also, is the extent of color change on mixing the components; for ex¬ 
ample, cinnamic acid with dimethylp)nrone gives the faintest tinge of yel¬ 
low, while trichloroacetic acid gives a dark red solution. 

The results of this investigation point, therefore, in favor of the as¬ 
sumption that the addition compounds of dimethylpyrone with acids are 
true oxonium salts, in which oxygen functions as a quadrivalent atom. 
The equilibrium of the reaction is best represented as in (IV) above. 

In conclusion, the advantages of the method followed above, for the 
general study of addition reactions, may be pointed out. Its first ad¬ 
vantage is its rapidity; after the technique has been mastered, a system 
presenting no special difficulties can easily be completed in two days. 
Secondly, it indicates all compounds formed between the components 
chosen, including such compounds as are not stable at their maxima and 
cannot be obtained by the ordinary methods. In few cases is a special 
analysis of the solid phase necessary, the composition of the compounds 
obtained is read directly from the freezing point curve. ^ It is possible 
that sometimes a compound cannot be isolated owing to supercooling; 
however, its existence may be recognized by the form of the curves. Fi¬ 
nally the curves indicate also the degree of dissociation of the compounds 
into their simple components. 

The method is being extended to other similar systems. It is hoped, 
also, that further evidence as to the nature of these reactions will be ob¬ 
tained from conductivity measurements. 

Summary. 

The freezing point curves of monobasic organic acids and phenols with 
dtmethylp}nrone have been examined. The existence of a large number 
of addition compounds has been demonstrated. 

A consideration of the results obtained leads to the view that the re¬ 
action is ionic, and that the compounds formed are true oxonium salts. 

Ntestor^s Labohatoriss of Inorganic Chbmtstry. 

CotVMBIA UNlVBRSrfV. 

Nbw York City. 

‘ Cases of '"solid solutions” may be recognized by the fact that any maximum on 
the freezing point curve will not be (except by chance) at a point of simple molecular 
composition 
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THE IWTROSULPONIC ACIDS OF /)-mBHE. 

By WlUUM J. KABSbABI AM» BmIFR C. HVSTOH. 

. Received April $, 1914 

I. Introdaction. 

Nolting and Kobn^ record the preparation of an aminosolfonic add of 
p-xylene to which they ascribe the formula: 

C,H,(CH,)*NH*SO,H 

This add was prepared by reducing with ammonium sulfide, or with tin 
and hydrochloric add, the solution resulting from the treatment of p-sylene- 
sulfonic add with red, fuming nitric add. The nitro-add was not isolated, 
nor were any of its deriratives prepared. 

Guy G. Frary* describes a nitrosulfonic add of p-xylene which he pre¬ 
pared by nitrating p-xylenesulfonic add with nitric add (sp. gr. i.6o) in 
the cold. The potassium, sodium, caldum, barium, strontium, mag¬ 
nesium, copper, and zinc salts were prepared and of these the potassium, 
barium, copper, and zinc salts were analyzed. Most of these were pre¬ 
pared from the crude add solution and were purified with difficulty. 

1.4 6 z 

Prary assigned the formula C«H4(CHi)2N02S0aH to the add, in s^Mte of 
the fact that an attempt to reduce it to the amino add with ammonium 
sulfide proved unsucce^ul. Attempts to prepare the sulfcmchloride from 
the free add, or from its potassium salt, resulted in the formation of a 
reddish brown oil which failed to solidify under water, and which did not 
crystallize. from organic solvents. Somewhat better success attended 
the attempts to prepare the sulfonchloride' of the nitrosulfcmic add by 
nitrating the sulfonchloride of p-xylene with nitrosulfuric add. Two 
nitrosulfonchlorides were obtained, one in quantities large enough for 
analysis, the other, and more soluble one, in an insuifident quantity. 
The first melted at 109.5 ” S^ve an amide mdting at 179 °. The second 

mdted at 56-57“ and gave an amide melting at 199-200“. 

With the hope of obtaining a more thorough knowledge of the nitro¬ 
sulfonic adds of p-xylene, the following research was undertaken. Hie 
problem was attacked in two wa)^, the initihl material in each case beipg 
“Kahlbaum’s” p-xylene. In one series of experiments p-xylene was sujfon- 
ated, and various methods of nitration wa« tried on the sulfonic add 
or on its chlmide. In the other series, a nitro group was introduced into 
p-xylene and the nitro-p-xylene treated with different omcentrations of 
sulfuric add or with chlorosnlfomc add. 

. ‘ Bw., 19,141 (i8«6). 

^ * An unpubUshed Master’s Thesis, State Unimsity of Iowa, 1909. 
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2 . EzperimentaL 

Sulfonation of p-Xylene* —p-Xylene may be sulfonated by means of 
strongly fuming sulfuric acid. ^ 500 g. of p-xylene, in a glass stoppered bottle, 
were treated with 650 g. of fuming sulfuric acid (25% anhyd.). The acid 
was added in small portions at a time, the mixture being constantly shaken. 
Considerable heat was evolved. On standing over night about three- 
fourths of the />-xylene dissolved. 75 g. more of the acid were added and 
the mixture turned three hours in a rotater, at the end of which time 
sulfonation was complete. The light brown syrupy mass was poured 
into an equal volume of water (1075 cc.) and allowed to stand over night. 
The separated acid was filtered off by suction and dried on porous 
plates. Yield, 770 g. The mother liquor yielded, on being heated two 
hours and cooled, a second crop of ay^stals which weighed 220 g., making 
a total of 990 g. of the crude sulfonic acid. A third crop of crystals, which 
tended to come down in radiating tufts, was obtained from the mother 
liquor. This latter compound was not studied further. 

Nitration of p-Xylenesulfonic Acid, —The crude crystals of p-xylene- 
sulfonic acid, which contained some sulfuric acid, were nitrated in the cold 
with fuming nitric acid, or with nitrosulfuric acid. In some cases the 
nitrating agent was added to the crude solution of sulfonic acid, no previous 
precipitation being made. The best yield was obtained by the following 
method: 100 cc. of the syrupy solution produced by the sulfonation of 
/>-xylene were treated with nitric acid (sp. gr. 1.51), drop by drop, until 
45 cc. had been added. The containing flask was cooled in ice. The 
reaction proceeded smoothly with evolution of red fumes. The solution 
was allowed to stand over night. After being evaporated on the water 
bath until red fumes ceased to be evolved, it was poured into 600 cc. of 
water. A small amount of dinitro-/?-xylene was filtered off and the solu¬ 
tion again evaporated to no cc. An equal volume of saturated potassium 
chloride solution was added and the mixture allowed to stand two days. 
The potassium salts were then filtered off and air dried. Yield, 64 g. 

Action of Phosphorous Pentachloride on the Potassium Salts of the Nitro- 
sulfonic Acids, —^Prary's failure to obtain crystalline sulfonchlorides by the 
action of phosphorous pentachloride on the crude potassium salts of the 
nitrosulfonic adds is hard to understand. In this investigation eleven 
experiments, in which the dry potassium salts were treated with phos- 
l^orous pentachloride under different conditions, were made. All of the 
experiments yielded two sulfonchlorides, one melting at 109.5° a 
more soluble one melting at 60°, while four of the eleven yielded, in ad- 
diticm, a third sulfondiloride, in very small amounts, which melted at 75°. 
The best yields were obtained under the following conditions: 150 g. of 
the crude, powdered potassium salts of the nitrated sulfonic acid, dried 
» Pittig and Glinzer, Ann., 136, 305 (1865); Jacobson, Ber„ xo, 1009 (1877)- 
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at iio°, were treated with soO g. of pho^htyoas peotadlloride. Heat 
was evolved and the whole mass do«dy liquefied. Af^standhiglnrohduni 
the containing flask wa^ heated one hour on a water bath.. The heavy- 
oily liquid was poured into ice wat^, washed thoroughly, and allowed to 
stand under ice water two days. It did not solidify but became graaidar 
in appearance and of the consistency of a thick paste. After the water 
was dtmned off the paste -was dissol-ved in looo cc. of ether and dried over 
calcium chloride. Most of the ether was distilled off and the reridue 
transferred to a beaker. Crystals began to form almost immediatdy 
although very slowly. After standing ten days the crystals were filtered 
off by the aid of a suction pump and wa^ed with a mixture of ether and 
petroleum ether. Yield, lo g. From this batch of crystals, upon re- 
crystallization fl-om ether and petroleum ether, there were obtained two 
si^ondilorides; 9.6 g. of one which gave a melting point of 109.5'’ and 
0.2 g. of a slightly more soluble one which melted at 74.5 ^ (In one case 
the separation of the two sulfonchlorides was made mechanically.) The 
mother liquor from the first crop of aystals was placed in an ice box for 
three weeks, when a second crop of crystals was filtered off. This crop 
gave, on reoystallization, 2.3 g. of the sulfonchloride melting at 109.5” 
and 3.1 g. of a decidedly more soluble sulfonchloride of the same crystalline 
form which, after repeated recrystallization, melted at 60”. A third crop 
oi aystals of the sulfonchloride melting at 60** was obtained. YieM, 
10.4 g. The remaining 14 g. of reddish oil did not 3deid crystals on stand¬ 
ing three months. When treated -with ammonium hydroxide it gave an 
amide whidi melted, after seven crystallizations from alcohol and water, 
at 147”, a dose agreement -with the melting point of p-xylene-sulfonamide. 

Total yield of the nitrosulfonchloride mdting at 109 5” •> ii 9 g. 

Total yield of the nitrosulfonchloride melting at 75.0° o.2 g. 

Total yield of the nitrosulfonchloride melting at 60.0* » 13.5 g. 

An attempt to increase the rate of predpitation of the low mehiiig 
nitrosulfonchloride by dissolving the oil in ether, shaking with dilute am¬ 
monium hydroxide, neutralizing -with hydrochloric add, drying and evapo¬ 
rating, was not successful. 

Reoystallization of the crude potassium salts from alcohol did not 
increase the yield of nitrosulfondilorides to an appredable extent. 

Attempts to nitrate the sulfonchloride of p-xylene by means of nitric 
add, nitrosulfuric add, or diacetyl-orthonitric add^ met with only limited 
success. In all trials but one, only one sulfonchloride, and that in small 
quantities, was produced, i. e., the one melting at .109.5”. 
very small yield of the sulfonchloride melting at 60” was isolated. A 
rather large excess of nitrosulfuric add gave the best results. 

* Ber., 3$, 2526 (1902). 
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Sulfonation of Nitro-p-xylene, —#>-Xylene was nitrated ^ in the cold with 
fuming nitric acid (sp. gr. i .60). The nitr6-;f?-xylene was purified by steam 
distillation. 

Attempts to sulfonate this compound with concentrated or fuming 
sulfuric acid at room temperature, or at the temperature of boiling water 
were unsuccessful. Hither no appreciable reaction took place, or a violent 
reaction set in which changed the reacting mixture to a charred mass. 

Chlorosulfonic acid has been found to be an effective reagent in pro¬ 
ducing the sulfonic acids* and the sulfonchlorides* of aromatic nitro de¬ 
rivatives. Speaking generally, the nitro derivatives of the aromatic 
hydrocarbons, when heated with two or more mols of chlorosulfonic 
acid, produce sulfonchlorides, sulfonic acids, and sulfones. If the heating 
is omitted, little or no reaction takes place. F. von Heyden Nachfolger^ 
found that the —SO2CI group took the meta position to the nitro group, 
there being formed at the same time smaller amounts of the ortho and 
para derivatives. 

Of five experiments made, the one with the following proportions of 
reacting substances and the conditions here described gave the best re¬ 
sults: 100 g. of nitro-p-xylene, which had been purified by two distillations 
with steam and dried over calcium chloride, were added, drop by drop, to 
480 g. of chlorosulfonic acid, surrounded by ice. The dark red mixture, 
placed in a flask, the neck of which was fitted with a calcium chloride 
tube to protect from atmospheric moisture, was allowed to stand over night. 
When it was heated on the water bath hydrochloric add was given off. 
The heating was continued, with occasional shaking for twelve hours, at 
the CQd of which time the evolution of hydrochloric acid gas had practically 
ceased. When cool tlie mixture was poured slowly into 2 liters of ice 
Water. This caused the separation of a semi solid brown precipitate which, 
on standing one hour, solidified in the bottom of the vessel. The solid 
was filtered off and treated with i liter of ether, in which it dissolved, 
leaving a small amount of tarry residue. The tarry residue was filtered 
from the solution and the latter dried over calcium chloride. After stand¬ 
ing two days the addition of 300 cc. of petroleum ether caused the separa¬ 
tion of more tarry matter. After standing five hours longer the solution 
was filtered from the tarry matter and the calcium chloride. 500 cc. of 
ether was distilled off and the concentrated solution placed in a beaker, 
where crystals, which tended to adhere to the sides of the beaker, began 
to form immediately. The evaporation was continued in a current of 
^dry air until the volume of the solution was reduced to 100 cc. The 

1 Jaonasch, Ann., 176, 55 (1875). 

» Armstrong, Ber,, 4, 356 (1871). 

» Dr. F, von Heyden Nachfolger. D. R. P. 89,997; Frdl.. 4 i 38 (1899). 

* Loc. cit. 
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crystals were filtered off by suction and washed wi^ a tuixtore ci dSktsr 
and petroleum ether. After recrystalUxatioti from ether and pettcdeum 
ether they weighed 23 g. One gr€im of them, recrystallized five times 
from petroleum ether, gave a constant melting point of 74.5-75.5^. The 
evaporation of the mother liquor was continued for five days. More 
crystals separated and at the same time a heavy oil formed in the bottom 
of the beaker. This second crop of crystals was filtered off and sub¬ 
jected to fractional crystallization. From it was recovered 6.3 g. of the 
sulfondiloride, m. p. 74.5^, and xo g. of the more soluble sulfonchlaride, 
mentioned in previous experiments, m. p. 60®. The mother liquor from 
the second crop of crystals was placed in the ice box and allowed to stand 
three weeks. It yielded a third crop which weighed x8 g. (crude) and 
which melted after repeated crystallizations at 60^. The remaining 10 g. 
of tarry matter, which probably contained some sulfone and p-xylene- 
sulfonchloiide, did not yield crystals when allowed to stand three weeks 
at low temperature. 

In some of the experiments the crude sulfonchloride, m. p. 74,5°, was 
recrystallized from pure petroleum ether. While it was more difl&cultly 
soluble in pure petroluem ether than in the mixed solvent, fewer crystalliza- 
zations were necessary. The tarry impurity, being practically insolubk 
in petroluem ether, was left on the sides and bottom of the beaker after 
the sulfonchloride was dissolved. 

Determination of ConfigurcUion ,—In order to determine the configuration 
of the three crystalline nitrosulfonchlorides, they were hydrolyzed to the 
corresponding sulfonic adds. These were in turn subjected to the re¬ 
ducing influence of ammonium sulfide in alcoholic solution, or of stannous 
chloride in* hydrochloric add. 

The add from the sulfonchloride, m, p. 60®, yidds, by either method, 
an aminosulfonic add of ^-xylene containing one molecule of water of 
crystallization. It crystallizes in dusters of very fine white needles which 
are quite difficultly soluble in cold water. When heated above 200*^ it 
begins to char but does not melt even when heated as high as 320^. A 
temperature of 160^ is required for complete dehydration. An analysts, 
gave the following results: 

Calc, for CtHuOtNS.HsO: H| 0 * 8.21%, S, 14.6%; found: H2O, 8.12%; S. 1443%. 

Ute properties of the above add resemble very dosdy those of the 
aminost^onic add of ^xylene prepared by Nolting and Kohn^ to which 
they asrign the forxpila 



CH» 


^ Ber„ X0, 143 (1886). 
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attd they are considered identical. The nitrosulfonic acid from which it 
ifas prepared must then have the formula, 



CH» 


The nitrosulfonic acid derived from the sulfonchloride melting at 109.5 ^ 
is not reduced when hydrogen sulfide has been passed through its ammoni- 
acal alcoholic solution for fifteen hours. ^ The unchanged nitrosulfonic 
acid was identified by means of its barium salt. 

Different results were obtained when 5 g. of this acid were treated with 
three mols (12 g.) of stannous chloride and a slight excess of hydrodiloric 
acid and then warmed for forty-eight hours on the hot plate. The tin 
was precipitated with hydrogen sulfide, filtered off, and the solution evapo¬ 
rated to dryness on the water bath. The residue was dissolved in water 
and boiled with barium carbonate. On filtering off the excess of the latter, 
a considerable amount of p-xylidine was found in the filtrate. On standing 
over night about 0.3 g. of barium sulfate settled out. A small amount of 
the barium salt of the unchanged nitrosulfonic acid was obtained on 
evaporation. These results indicate that the nitrosulfonic acid in question, 
upon being reduced under the conditions given, is at once hydrolyzed to 
p-xylidine and sulfuric acid. Nolting and Kohn* mention the occurrence 
of a small amount of a soluble acid in the mother liquor of 6-amino-1,4-di- 
methylbenzene-2-sulfonic acid which was oxidizable to ^-xyloquinone. 
It is very probable that their soluble acid (?) was simply the hydrochloride 
of p-xylidine which would be readily oxidizable to the quinone.® A more 
thorough study of the conduct of this acid toward reducing agents is now 
being carried on. 

The nitrosulfonic acid from the sulfonchloride melting at 74.5 ° is readily 
reduced, either by ammonium sulfide or by stannous chloride and hydro¬ 
chloric acid. The aminosulfonic acid comes down in clusters of fine 
prismatic plates or needles, which are slightly less soluble than the amino- 
•sulfonic add already described. The sodium salt crystallizes in small 
soluble white plates which contain no water of crystallization. 

Calc, for CiHioOsNSNa: Na, 10.32%; found: Na, 10.28% and 10.36%. 

The barium salt comes down in readily soluble, long prismatic plates 
containing seven molecules of water of crystallization. 

Calc, for (CsHioOgNS)*Ba.7HiO: H2O, 19%; Ba, 20.7%; found: HiO, 19.12% and 
19.22%; Ba, 20.48% and 20.36%. 

^ It win be remembered that Frary was unsuccessful in an attempt to reduce this 
add with hydrogen sulfide. 

* Loc, cii, 

* Nolting, B^r., i8, 2667 (1885), 
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These salts axe ideotieal in prcqierti^ vritb the sodhsm and baiinm ailta 
of 5-atQj&o-i4-diii]ethylbeme]ie<a'Sulfeaic acid described by Ndtiiig «id 
Kohn.^ In order to better identify the add, ^xylidine was sulfonated 
and the barium salt of the add was decomposed with the calculated 
amount oi sulfuric add. On filtering the barium sulfate and evapcMrat- 
ing, the aminosulfonic add came down in well formed needle-like plates 
which resembled closely in appearance those formed by the reduction of 
the nitrosulfonic add. 

To further verify the identity of the adds, i g. of the one resulting 
from the reduction of the nitrosulfonic add was oxidized with chromic 
add. 0.54 g. of p-xyloquinone (phlorone) melting at 124-124.5® was 
obtained. The add is then identical with the one which Nolting and 
Kobn* prepared by sulfonating p-xylidine and must have the formula 

CH, 

HjNii 

CH, 

The acid from which it was formed by reduction must then have the 
formtila 

CH, 



CH, 


Since the nitrosulfonchloride, m. p. 6o®, yields, on hydrolysis, 6-nitro- 
1,4-dimethylbenzene-!2-sulfonic acid, and since the nitrosulfonchloride 
mdting at 74.5® 3delds, on the same treatment, 5-nitro-i,4-dimethyl- 
benzene-2-i^lfonic add, it follows that the nitrosulfonchloride melting 
at 109.5® tcLUSt yield, on hydrolysis, 3-nitro-i,4-dimethylbenzene-2-sul- 
fonic add, 



CH, 


The fact that the add was not reduced by hydrogen sulfide in ammoniacal 
alcoholic solution favors this formula, since the protective influence of 
two groups ortho to the nitro group would naturally be great. It is 
further shown that the phenyl ester is produced more slowly from 
the nitrosulfonchloride melting at 109.5® than from either of the other 
nitrosulfonchlorides. Finally, the very fact that the aminosulfonic 
add which is formed by redudng this add with stannous dbiloride and 

* Bdf., 141 (18S6). 

• Loc, cit. 
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hydrochloric acid, is readily hydrolyzed in the presence of acids to ^-xyli> 
dine, favors the assigned formula. Traube^ has shown that the chloro- 
aminotoluenesulfonic acid, of the formula 


CHs 



Is readily hydrolyzed in acid solution to the corresponding chloroamino- 
toluene. It is readily seen that the relative position of the methyl, sulfo- 
and amino groups are the same in both acids. 

Derivatives of 6 'NitrO‘j ,4-difn€thylbenzene-2‘-sulJonic Acid, 

The Sulfonchloride, C6H2(CH8)2N02.SO?Cl.—^This compound is more 
soluble in a mixture of etlier and petroleum ether than either of the other 
nitrosulfonchlorides of /^-xylene. It forms regular rhombohedral prisms 
which show a tendency to form clusters and have a slight amber shade, 
even after repeated recrystallizations. It is readily soluble in ether, chloro¬ 
form, carbon tetrachloride, benzene, and carbon disulfide; and less soluble 
in petroleum ether. When dissolved in a mixture of ether and petroleum 
ether and evaporated at ordinary temperatures, it tends to settle out as 
an oil. It is best crystallized from this mixed solvent at a temperature 
of about 10®. When heated under water it melts to an oil and is slowly 
hydrolyzed. M. p. 60-61 

Calc., Cl, 14.2%, S, 1282%, N. 561%; found Cl, 1426%, 143%; S, 12.66%; 
N, 5 54%, 5 . 4 fi% 

The Acid, C6H2(CH3)2N02.S020H.H20.—Ten grams of the sulfonchloride 
was boiled one and one-half hours with 150 cc. of water under a reflux 
condenser. The solution was decolorized by boiling with animal charcoal, 
and evaporated to a thick syrup. On cooling, the acid crystallized out in 
plates. It was filtered off by suction, washed twice with concentrated 
hydrochloric acid, in which it was rather insoluble, and dried over sodium 
hydroxide. The acid was a bitter taste and is very hygroscopic. It is 
soluble in alcohol, but insoluble in ether, chloroform, carbon tetrachloride, 
benzene, and carbon disulfide. When heated to 128° it begins to char 
and does not melt even when heated to 200®. It loses its water of crystal¬ 
lization readily at 100°. 

Calc.: HtO, 7.23%; acid hydrogen, 0.401%; N, 5 62%; found* HaO, 7*04%, 715%; 
aetd hydrogen, 0.392%; N, 3 66%, 5‘58%- 

The Amide, C8H2(CH8)2N02S02NH2.—^The sulfonchloride was treated 
with excess of ammonium hydroxide and heated. It melted to an oil 
which was soon decomposed, a flocculent precipitate being formed. The 
mixture was evaporated almost to dryness and the residue washed re¬ 
peatedly with water. It was then dissolved in alcohol. An equal volume 

* Bet ,, 26, 579 (1893)- 
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of water was added and tiie sdltdsoo set adde to oTstalliae. i;iye dosidi 
oittnes down in dnstens at fine {Wisniatic plates, whtdt are readily adnble 
in alcohol, ether, and ( 4 loroform, but insoluble in water. It melts at 
172-173“. 

Calc.: S, 13.91%: N, 12.17%: found: S, 13.84%: N, rt.8i%, 12.16%. 

The Anilide, CJI,(CH,),NO,SO,HNC,H8.—The sulfonchloride was dis¬ 
solved in carbon tetrachlodde and treated with excess of aniline. A predpi- 
tate settled at once. The solvent was evaporated, the predpitate washed 
with hydrochloric add (i : i), dissolved in 10% sodium hydroxide, and 
repredpitated with hydrochloric add. The anilide was filtered off and 
recrystallized from 50% alcohol. It forms dusters of fine, hard,'flat 
needles which mdt at 143-144“ and are soluble in alcohol, ether, chloro¬ 
form, md carbon tetrachlcnide, but insoluble in water. 

Calc.: S, 10.46%; N. 907%: found: S, 10.44%; N, 9 05%. 

The Phenyl Ester, C«Hs(CHj)»N02S08C«H8.—^This is best prepared by 
the Reverdin’ method: i g. of phenol was mixed with an equal weight of 
pyridine and treated with 3.65 g. of the sulfonchloride. This disailved 
with evolution of heat. The solution was warmed on the water bath for 
five minutes. On cooling, it solidified to a granular mass, which was 
washed with water and dissolved in hot alcohol. The phenyl ester crystal¬ 
lizes from alcoholic solution in dusters of fine needle-like plates which mdt 
at X17-118“. It is fairly sduble in chloroform, carbon tetrachloride, 
and benzene, but insoluble in water. 

Calc.: S, 10.4%: N, 4.56%; found: S, 10.18%, 10.29%; N, 4-53%- 

Sodium Salt, C(Ht(CHi)tN02S0sNa.2Ht0.—6-Nitro-i,4-dimethylben- 
zene- 3 -sulfonic add, in sdution, was just neutralized with sodium hydrox¬ 
ide solution (litmus). The sodium salt comes down in tree-like dusters 
of yery soluble prismatic plates. It is soluble in hot alcohol. This salt 
may also be prepared by treating a concentrated solution of the add with a 
aatiirated solution of sodium chloride. It loses its water of cr)rstallization 
at xo8“. 

Calc.: HiO, 12.8%; Na, 7.96%: found: HtO, 12.69%; Na (as sulfate), 7.79%. 

Potassium Salt, C«Hi(CH2)sN02S0sK.Hs0.—solution of the add was 
neutralized with 10% potassium hydroxide solution (litmus). On standing, 
the potassium salt came down from the concentrated solution in dusters, 
or resets, of readily sduble, colorless prismatic plates. It is slightly 
less soluble in alcohol than the sodium salt. It is readily predpitat^ 
from a concentrated solution of the add w the addition of saturated 
potasstum chloride solutitm. 

Cals.; HtO, 6.24%; K, 14.53%; found: HtO, d.34%; K (as’sulfate), 14^6%. 

Caldum Salt, [C(I^(CHt)aNOiSOt]iCa.4li/).---A solution Of the add 

' Ber., 35, 1443 (1902). 
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vms boiled with precipitated calcium carbonate. The excess of calcium 
Cflttrbonate was filtered off and the solution evaporated. The salt came 
down in tree-like clusters of colorless crystals. It is less soluble than the 
calcium salt of the 3-iiitrosulfonic acid and slightly more soluble than 
that of 5-nitrosulfonic acid. It is slightly soluble in alcohol. A tempera- 
ttire of 200® for ten hours is necessary to effect complete dehydration. 

Calc.: H2O, 12.58%; Ca, 7.01%; found: H2O, 12.45%; Ca (as sulfate). 6.97%. 
BatitifK Saltf [CcH2(CH3)2N02S03]2Ba.2H20.—^This salt was prepared 
from a solution of the acid and barium carbonate after the same manner 
as the calcium salt. It came down in small, colorless nodules which showed 
a tendency to adhere to the sides of the beaker. It is slightly soluble in 
hot alcohol. One of its two molecules of water of crystallization is given 
up at 150®. A temperature of 200® for six hours is required to drive off 
the second molecule. 

Calc.: 5*68%; Ba, 21.69%; found: H2O. 5.67%; Ba (as sulfate), 21.71% 

Silver Salt, C«H2(CH8)2N02S03Ag.H20.—The acid, in solution, was 
treated with a little more than the calculated amount of silver nitrate, 
and boiled. The small amount of silver chloride was filtered off and the 
solution evaporated. The silver salt came down in clusters of fine needle¬ 
like plates. It is less soluble than the silver salt of the 3-nitrosulfonic 
add and slightly more soluble than the silver salt of the 5-nitrosulfonic 
add. It is very slightly soluble in alcohol. When exposed to the light, 
the crystals slowly decompose and darken in color. They lose their water 
of crystallization readily when heated above loo®. 

Calc.: HjO, 5.07%; Ag, 30.39%; found: HjO, 4 9 i%; Ag (as metal). 30.43%- 

Derivatives of j-Nitro-i ,4-diinethylbenzene-2-sulfonic Acid, 

The Sulfonchloride, C6H2(CH3)2N02S02C1.—This crystallizes from a 
mixture of ether and petroleum ether in clear rhombohedral prisms which 
melt at 109.5-110.5®. It is less soluble in ether, chloroform, carbon 
tetrachloride, benzene, and petroleum ether, than either of the isomeric 
sulfonchlorides. When boiled with water it slowly decomposes, but does 
not melt. 

Calc.: Cl, 14.2%; S, 12.82%; N. 5.61%; found: Cl. 14.32%, 14 26%; S, 12.81%, 
12,72%; N, 5.66%. 

The Acid, C(|H2(CH8)2N02S020H.—Ten grams of the sulfonchloride 
were boiled with 150 cc. of water three hours and twenty minutes under a 
reflux condenser. On evaporation of the solution to a syrup, the acid 
crystallised out in clusters of elongated plates. After being dried over 
sodium hydroxide it melts when heated to 100®, When heated twenty- 
foUr hours at 108® it first melts and then hardens and becomes crystalline. 
When thus dehydrated it melts between 143® and 145® with partial de¬ 
composition. Like the 6-nitrosulfonic acid it is less soluble in concen- 
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ttated hydrocMork add than ia water, faMy ipeAd^y soluble ki akolud 
bat insoluble in etber, dilorofonn, cadxm tetradiloride, carbon ttoUlfide, 
benaene and petroleum ether. It is deliquescent. 

Calc.; H|0, 7.23%; add hydrogoi, 0401%! N, 5.62%; found; H« 0 , 7.08%; add 
hydragm, '0.396%; N, s*S7%- 

Tht Amide, C«Ht(CHi}aNOsSOsNHs.-—One gram of the sulfondilodde was 
treated with an excess of ammonium hydroxide, warmed, and allowed to 
stand over night. As this treatment did not decompose the crystals, the 
mixture was heated three hours on a hot plate. On evaporation, the amide 
came down in fine flat, shiny needles whidi, after recrystallization kom 
50% alcdhd, melted at 191-193^. It dosely resembles the amide of the 
d^trosulfonic add in its solubilities. 

Calc.; S, 13.91%: N, 12.17%; found; S, 13.8%, 13.86%; N, 12.21%. 

The Anilide, C«Hi(CHi)i.NOt.SOiHNC«H(.—^The details of the prepara¬ 
tion were the same as those described for the preparation of the anilide of 
the 6-nitrosulfonic add. It crystallizes from 50% alcohol in long, fiht 
needles whidi melt at 181.5-182.5°. It is insoluble in water and slightty 
less soluble in organic solvents than the anilide previously described. 
Hie crystals retain a slight bluish tinge after ten recrystallizations. 

Calc.; S, 10.46%; N, 9.07%; found; S, 10.37%; N, 9.06%. 

The Phenyl Ester, C«Ht(CH()i.NOi.SO«C«H|.—^The sulfonchloride dis¬ 
solved more slowly in the pyridine-phenol mixture than did the 6-nitro- 

1.4- dimethylbenzene-2-sulfonchloride, solution being complete after the 
mixture had been heated fifteen minutes on the water bath. The ester 
comes do’wn from alcoholic solution in well formed colorless prisms whidi 
show a slight tendency to adhere to the sides of the beaker. It mdts 
sharply between 83° and 83.5“ and resembles the phenyl ester of 6-nitro- 

1.4- dimethylbenzene-2-sulfonic add as regards its action towards solvents. 

Calc.; S, 10.4%; N, 4.56%; found; S, 10.47%; N, 4.51%. 

Sodium Salt, C»H»(CH»)j.N0».S08Na.2H*0.—^This salt comes down in 
dusters of small, light ydlow prismatic plates. Its solubility in water 
and in alcohol resembles that of the sodium salt of tbe-6-nitrosulfonic add. 
Like this last named compound, it is predpitated wlKn a concentrated 
solution of the add is treated with saturated sodium chloride solution. 
It is dehydrated when heated six hours at 108°. 

Calc.; HiO, 12.8%: Na, 7.96%; found; HiO, ia. 68 %; Na, 7.98%. 

Potassium Sidt, CaHi(CHi)sNOtSOsK.HiO. —This forms tufts of colorless 
needle-like plates which are slightly less sduble than the crystals of the 
corresponding sodium salts. It retains its water of oystallization rather 
perdstently, a temperature of 200° beit^ requited for complete dehydra- 
tbn. 

Calc.: HjO, 6.24%; K, 1453 %; found: HiO, 6.02%; K, 14.18%, 14,36%. 
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Calcmm Salt, (C6Hj(CH8)2N02S08]2Ca.3H20.—This salt crystallizes 
in slightly yellow translucent irregular crystals. It is more soluble than 
the calcium salts of either of the isomeric acids and than the barium salt 
of this same acid. It is only fairly soluble in alcohol. One of its three 
molecules of water of crystallization is given off when it is heated three 
hours at io8®. A temperature of 200® for eight hours is necessary for 
complete dehydration. 

Calc.: H, 0 , 9 74%; Ca, 7.24%; found: HjO, 9.87%; Ca, 7.26%. 

Barium Salt, [CeH2(CH8)2N02S03]2Ba.H20.—It forms regular trans¬ 
lucent crystals which resemble closely in appearance those of the calcium 
salt of the acid under consideration. It is more soluble than the barium 
salts of the isomeric acids. It is dehydrated when heated eight hours 
at 200®. 

Calc.: HjO, 2.92%; Ba, 22 . 32 %; found: H2O, 2 84%; Ba, 22.22%. 

Silver Salt, C6H2(CH8)2N02S0sAg.H20.—^This came down from the 
concentrated solution in readily soluble plates. It is slightly soluble in 
alcohol. When exposed to light it darkens more rapidly than either of 
the other silver salts. It is dehydrated at 108®. 

Calc.: H| 0 , 5.07%; Ag, 30.39%; found: H* 0 , 5 05%. 512%; Ag, 30.44%. 

Derivatives of yNitro-i,4-difnethylbenzene-2-sulfonic Acid. 

The Sulfonchloride, C6H2(CH8)2N02S02C1.—The sulfonchloride crystal¬ 
lizes from the crude solution in small crystals which show a tendency to 
adhere to the sides of the beaker. On repeated recrystallization from ether 
or from a mixture of ether and petroleum ether the crystals take the form 
of colorless plates with slightly thickened centers. Its solubility in organic 
solvents is about the same as that of the 3-nitrosulfonchloride. It melts 
to an oil under hot water by which it is decomposed. When pure it melts 
at 74*5~75-5°- 

Calc.: Cl, 14.2%; S, 12.82%; N. 5*61%; found: Cl, 1429%; S. 12.8%, 13 03%; 
N, 5.64%, 5.68%. 

The Acid, C6H2(CH3)2N02S02()H.H20.—This was prepared by hydro¬ 
lyzing the corresponding sulfonchloride in the manner already described. 
The time necessary for the hydrolysis of 10 g. was two hours and ten 
minutes. The acid comes down in clusters of needle-like plates from the 
concentrated solution. It is slightly less soluble than its isomers in water 
and much less soluble in concentrated hydrochloric acid. When recrystal¬ 
lized from hydrochloric acid and dried over sodium hydroxide it melts 
with partial decomposition, between 138° and 140®. lyike the other 
acids described it is extremely hygroscopic, has a bitter taste, and loses its 
water of crystallization at 108®. 

Calc.: HA 7.23%; acid hydrogen, 0.401%; N, 5.62%; found: H2O, 7 32%; acid 
hydrogen, 0.394%; 549 %» 5-56%. 
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The Amide, C^*(CH8)»NC^O^E6kv*--'nie sidicindbtoide was i«adily: 
decomposed by ammonium bydz«»ci(lei‘ The amide comes down Irotn 
50% alcohol in fine prismatic plates which may or may not form dusters. 
When heated, the crystals become opaque at 170° and melt at 197^198*’. 

Calc.: S, i3-9«%: N, IS. 17%; found: S, 13 - 96 %; N, is.i8%. 

The Anilide, C«H4(CHj)»NO»SOjHNC*H».—^This compound was pre¬ 
pared in the same manner as the anilides already described. It crystal¬ 
lizes out of 50% alcohol, in which it is slightly kss soluble than its isomers, 
in dusters of fine prismatic plates. It has a constant melting point of 

130-5-131 "• 

Calc.: S, 10.46%; N, 907 %', found. 8, 10.36%, 10.42%: N, 9.oa%. 

The Phenyl Ester, C«Ha(CH«)tNOsSOtC«H«.—This was prepared by the 
Reverdin method. The sulfonchloride passed into solution immediately 
with evolution of heat. The ester comes down from alcoholic solution in 
clusters of light yellow, needle-like plates having a constant melting point 

I20°-I20.5'’. 

Cak.: S, 10.4%; N, 4-56%; found: S, 10.47%; N. 4 - 49 %. 4-6«%- 

Sodium Salt, C»H*(CH*)4NOjSOaNa.HjO.—This forms dusters of flat 
colorless needles. It is less soluble in water than either of the other 
sodium salts and rather sparingly soluble in alcohol. It gives up its water 
of crystallization readily at 108®. 

Calc.: HA 6.64%; Na, 8.48%; found: HA. 6.75%; Na, 8.33%. 

Potassium Salt, C«Hi(CH3)4N04S0jK.H40.—Prepared in the usual man¬ 
ner, this salt comes down in clusters of shining colorless needle-like plates. 
It is the least soluble in water and alcohol of any of the sodium or potassium 
salts studied. It is completdy dehydrated when heated six hours at 108°. 

Calc.: HA. 6.34%; K, 14.53%; found; HA. 6.36%, 6.3i%; K, 14.13% (puffed), 
14.45%. 

Calcium Salt, [C)«H4(CH3)4N04S0t]4Ca.3H40.—^This salt was prepared 
in the usual manner from caldum carbonate and a solution of the add. 
It is the least soluble of the caldum salts studied. It comes down in tufts 
of long, flat, colorless needles which are very sparingly soluble in alcohol. 
It loses one of its three molecules of water of crystallization when heated 
four hours at 108®. A temperature of 200® for ten hours is required for 
complete dehydration. 

Calc.: HA, 9-74%: Ca, 7-24%: found: HA, 9.57%: Ca, 716%. 

Barium Salt, [C(H4(CHa)iN04S04}4Ba.2H40.—^This is the least soluble 
of the barium salts of the nitrosulfonic adds of p-xylene. It comes idown 
in tufts of very fine, colorless needles which show a tendency to adhere 
to the sides of the beaker. Its solubility in alcohol is about the same as 
that of the caldum salt of tiie same add. It is dehydrated when heated 
six hours at 200®. 

' Calc.: HA, 5-68%; Ba. 21.69%; found: HA, 5.56%: Ba, 21.73%. 
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SUm Salt, CftH2(CH8)2N0iS08Ag.H50.—It forms clusters of long, 
Elmiitig needles. * It is considerably less soluble than either of the other 
silver salts studied and darkens when exposed to the light more slowly 
than these. 

Calc.: HjO, 5 07%; Ag, 30,39%; found: H2O, 4-95%; Ag, 30 29% 

S-Afnino-i,4-dimethylbenzene-2’Sulfontc Acid, C6H2(CH3)2NH2S020H.— 

barium and sodium salts of this acid have been studied but there is 
very little in the literature concerning the properties of the acid itself. 
As prepared by the reduction of the corresponding nitrosulfonic acid or 
by the sulfonation of />-xylidine and subsequent purification by means of 
the barium salt, the acid comes down in clusters of fine, prismatic plates 
or needles. It is somewhat less soluble in water and dilute acids than the 
6-aminosulfonic acid. It is quite readily soluble in fairly concentrated 
sulfuric acid. When heated above 230® it begins to char and does not 
melt even when heated as high as 300®. 

Calc.* S, 15-91%; found: S, 15-62%, 15 74% 

The Barium Salt of 6 -Amino-i,4‘dimethylbenzene'2-sulfonic Acid, 
(C6H2(CH8)2NH2S08]2Ba.7H20.—^This salt comes down in plates wliich 
resemble closely in appearance the barium salt of the 5-amino sulfonic 
acid. They are, however, slightly more soluble. It contains seven mole¬ 
cules of water of crystallization which it loses when heated to 108®. 

Calc.: HjO, 19%; Ba, 20.7%; found: HjO, 19.28%, 19.18%; Ba, 20.52%, 20.61%. 

3* Summary. 

1. Nitric acid acts upon the sulfonic acid of p-xylene to produce three 
nitrosulfonic acids. The 6-nitro- and the 3-nitro-i,4-dimethylbenzene- 
2-sulfonic acid are produced in fairly good yields and in about equal 
amounts while the 5-nitro-i,4-dimethylbenzene-2-sulfonic acid is pro¬ 
duced in very small amounts. It has been shown by Nolting and Geiss- 
mann,^ Lehman,* and others that concentrated nitric acid when warmed 
with /^-xylene produces, in the main, the 2,6- and the 2,3-dinitro-/>-xylenes 
with a very small amount of 2,5-dinitro-^xylene. It would seem, there¬ 
fore, that the entering nitro group tends to take the meta or ortho position 
to the sulfonic acid group just as the second nitro group tends to take the 
meta or ortho position to the first nitro group. 

2, The nitrosulfonic acids of p-xylene, produced by the nitration of 

^-xylene-sulfonic acid, are best separated by converting them into the 
sulfonchlorides and crystallizing the latter from a mixture of ether and 
petrbleuin ether.* , 

^ Her, 19, 144 (x886). 

* Ann., 228, 250 (1885). 

* One separation was made by fractional crystallization of the barium salts. This 
method gave a somewhat larger yield of the 6'nitro-i,4-dimethylbenzene-2-sulfonic 
add than was obtained by the separation of the sulfonchlorides. 
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3. Attempts to nitrate the suIfeiaclLloiiide p-tykm by meaha of 

various reagents met with only limited In all trials^ Imt onoi 

one sulfonehloride, and that in ^all quantities, was produced, t\ 0.^ 
3-nitro-i,4-dimethylbenzene-2-sulfonchloride. In one case a very small 
yield of 6“nitro-i-4-dimethylbena5ene-2-sulfonchloride was isolated. A 
rather large excess of nitrosulfuric add gave the largest yield. 

4. Nitro-p-xylene is not easily sulfonated. Attempts to sulfonate this 
compound with sulfuric add, either at room temperature or on the water 
bath were not successful. 

5. Chlorosulfonic acid acts upon nitro-p-xylene at the temperature of 
boiling water to produce, in about equal amounts, two nitrosulfonchlorides, 
f. e., 6-mtro- and 5-nitro-i,4-dimethylbenzene-2-sulfonchloride. A con¬ 
siderable amoimt of tarry matter is also formed. Of these two sulfon- 
chlorides, the last named is the less soluble and may be separated from the 
other by fractional crystallization from ether and petroleum ether. 

6. The configuration of the acids under consideration was determined 
by reducing them to the corresponding aminosulfonic acids and comparing 
the properties of these with the properties of the aminosulfonic acids de¬ 
scribed by Nolting and Kohn.* Attempts to reduce 3-nitro-i,4-dimethyl- 
benzene-2-sulfonic add to the amino acid with hydrogen sulfide in alcoholic 
solution were not successful. When stannous chloride and hydrochloric 
add were used the amino acid formed was at once hydrolyzed. 

7. The production of the sulfonchlorides of the three nitrosulfonic adds 
of p-xylene may be briefly represented by the following scheme: 



Iowa City, Ia 
* Ber,, 19, 141 (1886)# 
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THE PREPARATION AND PROPERTIES OF SOME HIGHER 
PHENOLS AND THEIR ETHERS. 

By Treat B. Johnson and Edward P. Kobmann 
Received April 10. 1914 

In a recent publication from this laboratory,' was described a practical 
method of introducing alkyl groups into the benzene nucleus of mono- 
and polyhydric phenols. It was shown that this can easily be accom¬ 
plished by reduction of acyl derivatives of phenols (ketone-phenols) 
to their corresponding alkyl derivatives, by digestion with zinc-amalgam 
and hydrochloric acid. That the latter reagents may be employed for the 
reduction of the ketone group was observed by Clemmensen^ and the 
method was applied by him successfully for the reduction of the following 
aliphatic and aliphatic-aromatic ketones, namely, acetophenone, 
C6H5COCH3, ethylphenylketone, C6H6COCH2CH.3, propylphenylketone, 
QH6COCH2CH2CH3, methylbenzylketone. CeHsCHaCOCHs, methyl- 
phenylethylketone, C6H5CH2CH2COCH3, methyl-a-naphlhylketone, C10H7- 
COCH3, methylnonylketone, CHsCOCgHi^, methylheptadecylketone, 
CHaCOCnHsB and stcarone, (CnH86)2CO. Since the publication of our 
paper, Clemmensen has contributed two more papers on this reaction 
and has applied it successfully for the reduction of several varieties of 
ketones and also of aldehydes.^ In fact, the results obtained in those 
cases examined have been so satisfactory, that the reaction may be con¬ 
sidered as one of general application. 

In our first paper we described the behavior, on reduction, of the lower 
acyl derivatives of some phenols and their ethers. No aliphatic grouping 
larger then CH8CH2CO- (propionyl) was studied, but in every case ex¬ 
amined the reduction was smooth and the yield of alkyl derivative was 
excellent. In no case did we observe the formation of pinacones. We 
have found, however, since the completion of this work, that pinacones 
are formed in some cases. ^ During the progress of our work it became of 
especial interest to us, for several reasons, to investigate fiulher certain 
properties of new phenols of the above type, especially those which con¬ 
tain long aliphatic side chains in the benzene nucleus. We had reason 
to believe, for example, that such phenols would exhibit unique chemical 
properties and, furthermore, that certain ones might very probably prove 
to be of immediate, biochemical interest. Several phenol compounds 
of this character have now been synthesized, and a description of their 
preparation and properties is recorded in the experimental part of this 
paper. 

* Johnson and Hodge, This JouRNAt, 35, 1014 (1913^* 

* Otig, Comtn. 8th Intern. Congr. Appt. Chem., 7, 68~8o (1912). 

461 1837 (1913); 47t5i (1914)- 

* These experiments will be discussed in a future paper (T. B. J ). 
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In 3 eptember, 1913, the mUm 'Roaounoesdi* the lact, Chat vetiatM 
«utid myristyl ehloride inteBad; shioo^y, ta the presence ol el iim iBi h ta 
diloride, fonoiiig- the ketotver^yrisiyimatrol (I). It was also shown 

C6H4 (OCH,)s + CH,(CH,)uCOa HCl + CH,(CH,),iCO.C,H,(OCH»)». 

(I) 

that the latter undergoes reduction, when digested with zinc-amalgain 
and hydrodbloric acid, forming a veratrol derivative, CHj(CHj)u.C<Hr 
(OCH*)*, which is isomeric with the dimethyl ether of kydrouru^iol, 
{CHsO)*.C*H».Ci 4H*8. The latter substance is a definite crystalline product 
which is easily obtained by catalytic reduction of the corresponding ether 
of urushiol, a natural component of Japanese lac and first identified by 
the Japanese investigator, Majima.* No conclusion could be drawn at 
that time, however, regarding the actual identity of the compounds, 
because we did not have, in our possession, any of Majima’s natural sub¬ 
stance for comparison. Fortunately, however, soon after the announce¬ 
ment of our work, we received from Professor Majima a sample of his 
substance and established the fact that the two ethers were only isomeric 
and not identical. This interesting observation would have been published 
in This Journal several months ago, but for the fact that it has purposely 
been held back to avoid misunderstandings, and as assurance that we have 
no intention of interfering with the work of other investigators in this field. 
Since a reasonable time has now been given for others to conclude their 
work, it is not necessary for us to delay longer the publication of our results. 

In a recent paper entitled: “ Eine neue Syntbese von hdheren Phenolen," 
Majima and Nakamura’ have described several alkyl derivatives of vera¬ 
trol, which were made by the reduction of ketones with zinc-amalgam. 
Among those synthesized is the tetradecylveratrol, CHs(CHi)m.C6Hi- 
(OCHj)t, which was described by us. These investigators state that 
this compound melts at 49-50**, and confirm our observation that it is 
not identical with the dimethyl ether of hydrourushiol. The latter melts 
at 38-39“. They apparently failed, however, to recognize an unique 
property of their S}mthetical ether. We find that this veratrol is a di¬ 
morphic compound and can exist in two modifications, which melt at 
37-38.5“ and 49“, respectively. Majima and Nakamura were dealing 
with the stable modification. It is an interesting fact that the* melting 
point of otu* unstable modification in practically identical with that of 
the dimethyl ether obtained from urushiol (m> p. 38-39“). The unique 
behavior of our ccosyiound is described in the experimental part of this 
paper. 

‘ Paper presented before Organic Chemistry Sectkm, 48th meeting Am. Chem. 
Soc, Rochester, N. Y., September S-w, 1913. 

» Ber., 40, 4390 (1908); 43, 1418, 3664 (1910); 4 S> * 4^7 (» 9 » 3 ). 

‘ Ibid., 46, 4089 (1914). 
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'We have now investigated the action of zinc-amalgam on the following 
h^lher phenol derivatives, which are represented by formulas (II), (III), 
(IV), (V), (VI) and (VII); 

Palmitylethoxybenzene, C*H 60 C«H 4 .C 0 (CH*)i 4 .CH 8 

( 11 ) 

Palmitylveratrol, (CH,0)*.C«H*.C0(CHi,)u.CH3 

(HI) 

Myristylveratrol, (CH» 0 )*.CJl 8 .C 0 (CH*)u.CH» 

(IV) 

Myristylethoxybenzene, C*H60.C»H4C0(CHt)aCH» 

(V) 

Dimethylether of mjrristylhydroquinone, (CH 80 ) 8 C»Hg.C 0 (CH*)isCH 8 
and myristylphenol, HO.C,H 4 .CO(CHs)uCH, (Vi) 

(VII) 

Every one of these ketones, with the exception of the phenol (VII), under¬ 
went reduction smoothly with formation of their corresponding alkyl 
derivatives. These are represented by formulas (VIII), (IX), (X), (XI) 
and (XII), respectively. 

C,H*O.C«H4.(CH8 ),jCH« —► HO.C«H4 .(CH2 )uCH, 

(Hexadecyletlioxybenzene) (Hexadecylphenol) 

(VIII) (XIII) 

' (CH,0)a.C«H*.(CH*)i8CH8 

(Hexadecylveratrol) 

(IX) 

(CH80)*C«H,.(CH*)„CH, 

(Tetradecylveratrol) 

(X) 

CjH 80 .C.H 4 (CH,)uCH 8 —► H 0 .C,H 4 .(CH 8 ), 8 CH 8 

(Tetradecylethoxybenzeae) (Tetradecylphenol) 

(XI) (XIV) 

(CH,o),CJI,.(CH 8 ),,CH, 

(Dimethylether ot tetradecvlhydroquinone) 

(XII) ■ 

The ketone-phenol (VII), was extremely stable and only a trace of the 
phenol (XIV), was obtained after digesting with zinc-amalgam and hydro¬ 
chloric acid for 46 hours. The ketone (III) and the corresponding alkyl 
derivative (X), have been described by Majima and Nakamura. ‘ The 
two ethens, (VIII) and (XI), were easily converted into the corresponding 
phatds (XIII) and (XIV), by heating with hydriodic add. 

Especially interesting are the fact$ that the two higher phenols repre¬ 
sented by formulas (XIII) and (XIV) are insoluble in aqueous alkali. While 
it is a very general rule that mono-substituted phenols of this type are 
> Lac. cit. 
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soluble in alkali, these compounds, on the other hand, possess practically 
no sddic properties and approach the aliphatic alccdmls in c hemi^ oattati. 
Both phenols, however, react ncntnally with Millon’s reagent giving the 
characteristic test for a phenol group. 

It is our opinion that this insolubility is not to be explained by the fact 
that these higher phenols are differently constituted than the lower mem¬ 
bers of the series. Their neutral character is very probably due to the 
influence of the positive alkyl chain, in the para position of the ring, 
on the phenolic hydroxyl group. This assumption is supported by the 
interesting fact that the solubility of the mono substituted phenols, 
in alkali, apparently grows less as the length of the ade chain is increased. 
An inspection of Table I will reveal these interesting relationships so far 
as can be brought out from what is known regarding the members of the 
series. A comparison of other classes of phenol compoimds has also 
revealed sinular relationships. A synthesis of the missing representatives 
of the series would he of interest in cnder to determine the limit of solu¬ 
bility in alkali. 

Tabls I. 


Empirical twmuU. 

Phenol compound, HO.CtHU.R. 

SolubUity In nlknll. 

CtHrO 

Phenol 

Soluble 

CrHtO 

(d-, w-, />)-HO.CgH4.CHi 

Soluble 

C,H,oO 

(0% m; /»)-HO,CgH 4 CH*CH, 

Soluble 

C,H„0 

(d-, W-, #>)-HO.C*H4(CH2)gCH, 

Soluble 


(o-s m-, /»)-HO,C,H4.CH(CHg)t 

Soluble 

Ci.H ,40 

(i>)-HO*C4H4.CH(CH4)(C,H*) 

Soluble 


(P)-H0.C.H4.C(CH,), 

Soluble 

C„H,,0 

(/»).H0.C4H4.{CH2),CH(CH,), 

Soluble 

CiJIiaO 

None described 


CuHjoO 

H0.C4H4.CH(C,H7)2 

? 

CmH «0 

HO.C4H4CH(CH,)(CH2)fCHi 

. > 

CiOJmO 

Cynanchocerin or cynanchinK^) 

Insoluble 

CuHmO 

None described 


CitHs»0 

None described 


CuHjoO 

None described 


CiiHnO 

None described 


C„H«0 

(^)-HO.C.H4.(CH,)i,.CH, 

Insoluble 

ChHhO 

None described 


CaHiiO 

(/>)-HO.C«H4(CH2)i..CH, 

Insoluble 

ChHmO 

None described 



The variations in degree of acidity of the phenolic group OH”— in this 
aeries in undoubtedly due to the same influence as that observed by Solon- 
ina* in the case of aflcali soluble derivatives of benzene suffonamide. 
Por mcample, he found that only the lower mono-alkyl siubstitution pitod- 
ucts of tMs sulfonamide, C«HtSOjNHR, possess strong acidic properties. 

* Hesse, Ann., iSs, 163; iC 3 t 

* Chem. Cenir., 3, 867 (1899). 
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H Sikyl groups containing more than six carbon atoms were substituted 
itr the amide grouping the S02-NH group lost its acidic properties and the 
remitting alkyl amides were absolutely insoluble in alkalies. Benzene- 
suKonheptylamide, C«H5SOsNH.(CH2)6CH8, benzene-sulfoncamphylamide 
CeHftSOiNH.CioHn and their corresponding p-bromobenzenesulfon- and 
m-nitrobenzenesulfonderivatives are examples of insoluble sulfonamides 
obtained. The benzenesulfonderivative of 2~aminoundecan was also 
insoluble. In other words, these higher alkyl groups apparently exert the 
same influence here on the acidity of the — SO 2 .NH — grouping as that 
of the corresponding radicals on the acid OH group in the above phenols. 

Hesse^ observed that cynanchocerin and cynanchin^ two isomeric sub¬ 
stances of unknown constitution, which he obtained from the sap of 
swallow-wort {Cynanchmn acutum), are both insoluble in alkali and 
interact with sulfuric acid giving violet solutions (rothlich violett). 
It is of especial interest, now, to note that these two compounds 
are listed in Beilstein's Handbuch under phenols and the conclusion 
made that they are phenol ethers because of their insolubility in alkali. 
Prom what has already been shown it is not improbable that these sub¬ 
stances may be true phenols, but contain long side chains which neutralize 
the acidic properties of the hydroxyl group. 

OH 


CH,.CHaCH2CH,CH,CHjCH,CHj.CHrCH3, 

Our investigations on phenols will be continued. 

Experimental Part. 

1,4-Hexadecyleihoxybenzene, C2H60.C«H4.(CH2 )i6 .CH8.—^This benzene de¬ 
rivative was prepared by the reduction of 1,4-palmitylethoxybenzene.* 
Eleven and four-tenths grams of the ketone, an excess of amalgamated 
zinc and 300 cc, of hydrochloric acid (i vol. concentrated acid to 2 vols. 
of water) were digested on a sand bath for about 15 hours, when the reduc¬ 
tion was apparently complete and 11.5 g. of the crude ether were obtained. 
After crystallizing from alcohol this product melted at 40* 54®, indicating 
that it was a mixture of the ketone and reduced ether. The mixture was 
again digested with zinc-amalgam for 8 hours, a little alcohol being added 
to aid solution of the ketone. After this second treatment we obtained 
file ether as a colorless, cystalline substance which separated from hot 
alcobol in globules of oil that immediately solidified on cooling. The 
ether melted at 43-45® ® The yield of purified material was 

•6.S g. 

Calc, for C 94 H 41 O: C. 83.15; H, 12.2; found. C, 82.19; H, 11.85, 

^ toe. cU, 

* Kralft, Ber., ax, 2270 (1888) 



VKUAX 9. jemtsm Am 9, mimmsm. 

fhHexadecjd^itmid, f^KiioI mu Qii>t*SiU<l 

hy heating the above etiier with hytbiodic add in a presauie tube at ts<»^ 
Ido”. It was insoluble in water and was pur^ied by crystalfiaatikta £min 
petroteum ether. It separated from thia solvent in needOes which mdtod 
at 78-79°. The phenol crystallises £ram alcohd in dusters of radiadng 
prisms. This phcanil is absolutely insoluble in soditun hydroxide sdutioa. 
It gives MUlon’s test. 

Calc, fw CiAiO; C, 83.9; H. 13.0; found; C, 83.36; H, 11.S4. 

This compound has previously been described by E^rafft,^ and was pre¬ 
pared by fudon of the p-sulfonic add derivative of oetylbenzene, CH3- 
(CH3)i6.C«H4.SOgH, with potassium hydroxide at 250°. He assigned 
the temperature of 77.5 ^ as its mdting point. Later Krafft and Odttig* 
described its ethykther (above), which was prepared by heating the phend 
in alcoholic potash with methyl iodide. They found this to melt at 43- 
44°, jwactically the same tempaature as observed by us (43-45°). 

Palmitylveratrol, CHa(CH2)MCO.C8H8(OCH8)*.—This ketone has re¬ 
cently been described by Majima and Nakamura.* We prepared it by 
application of Priedel and Crafts’ reaction with veratrol and palmityl- 
chloride in carbon disulfide solution. It was purified by distillation tmder 
diminished pressure and recrystallization from alcohol. It melted at 
78-79°. Majima observed that his product melted at 79-80°. 

Calc, for CmHmOj; C, 76.53, H, 10 71, found C. 76.43, H, lo 73 
Hexadecylverairol, CHt(CH2)u.C6Ha(OCHa)2.—^This ether was formed 
quantitatively by reduction of the above ketone with zinc-amalgam and 
hydrochloric acid. It crystallized from alcohol in plates which melted 
at 55° to an oil. 

Cede, for Ct4H4sOa. C, 79.48; H, 11.68; found: C. 79.90; H, ti.73 
Myristylveratrol, CH«(CHs)iiCO.CfHs(OCH4)t.—Majima and Naka¬ 
mura* iwepared this ketone by the action of myristyl chloride on veratrol 
in the presence of aluminium chlcaide. No diluent was used. From 
10.7 g. erf the acid chlcnide and 17 g. of the veratrol they obtamed 3.5 g. 
of the pure ketone. We find that a much better yield erf the ketone can 
be obtained if the reaction is applied in the presence of petndeum ether. 
Our fxrocedure was as fcrflows: Twenty-seven grains of the add ddoride 
were dissolved in 25 g. erf petroleum ether and 15 g. erf aluminium diloiifte 
m^>ended in the solution. Fifteen grams of veratrol were then added in 
portions, the mixture being cooled to —^5°. On adding the viuatnol 
under these cemditians, a pnedpitate was ebtaindi, but than was no 
apinodabk amount of bydroddenic add generated. After all the vemilrGl 
had been added, 50 cc. of petroleum ether were then added and the 
‘ Ber., 19, 3984 <1886). 

*Ibid., 31 , 3181 (1S88). 

' Loe. cit. 
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Ih 

tfim allowed to stand at a tempa-ature of 30-40® for fully 21-22 hours. 
Undber these conditions the reaction proceeded smoothly, and hydrochloric 
add gas "was copiously evolved. In order to isolate the ketone, the re¬ 
action suture, which had separated in two layers, was poured into a large 
vdtttne of cold water, when a double aluminium chloride compound 
separated in the form of a grayish brown solid. This was then transferred 
to hydrochloric acid and the mixture warmed on the steam bath when the 
ketone was finally obtained as an oil which soon solidified on cooling. 
The yield of crude material was 40 g., or practically a theoretical yield. 
The ketone was purified by crystallization from alcohol and separated, 
on cooling, in aggregates of colorless needles melting at 73-75 ®. The 
yield of purified ketone was 32 g. A red color is produced when this 
ketone is mixed witli concentrated sulfuric acid. 

Calc, for CssHmOs C, 75 . 79 , H, 10.19; found C, 75.48; H, 10.12. 

TetradecylverairoU CH8(CH2)i8.CeH8(OCH8)2. —This ether has recently 
been described by Majima,^ and was obtained by catalytic reduction of 
tetrad^cenylveratrol and also by reducing the above ketone with zinc- 
amalgam. Only 2,5 g. of the ketone, however, were reduced by the latter 
method and no statement is made regarding the yield obtained. 

We have now prepared this same ether by reducing the ketone with 
zinc-amalgam and hydrochloric add and have obtained some interesting 
data which contribute to our knowledge of the properties of this compound. 

Eleven grams of the above ketone and 25 g. of amalgamated zinc were sus¬ 
pended in 100 cc. of hydrochloric acid (i vol. of concentrated hydrochloric 
add to 2 vol. of water) and the mixture digested for 5 hours. Under 
these conditions the ketone had undergone practically no reduction and 
melted at 71.5-73®. Twenty-five grams of amalgam and 25 cc. of concen¬ 
trated hydrochloric add were then added and the digestion continued 
for 9 hours. After this treatment, the ketone was still only partially 
reduced and melted at 60-67 ®. 

One hundred grams of zinc-amalgam and 150 cc. of hydrochloric acid were 
then aidded and the digestion continued for 7 hours longer when the melting 
point had been lowered to 45®. This melting point, however, was not 
sharp, the product beginning to melt as low as 39®. Therefore, 30 cc. 
of concentrated hydrochloric add were added and the reduction continued 
for 6.5 hours when the reaction was apparently complete. The compoimd 
was purified by crystallization from boiling alcohol. It separated in 
prismatic crystals, on cooling, which melted at 47-49®. Majiraa and Naka- 
imira^ give 49-50® as the melting point. We found, however, that this 
compound can be made to melt at a much lower temperature. In fact, 
it is apparently capable of existing in two modifications—erne melting at 
37*^38.5®, and the other melting at 47-49®. The lower modification 
^Loc. cit. 
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slowly undergoes transformation into the higher melting isdmer at ordi* 
nary temperature. Especially striking is the change of the lower' meltihg 
form into the higher. If the compound is melted in a capillary tube and 
the latter suddenly cooled by plunging into ice water, it then meltss sharply 
at 37-38.5° to an oil. Almost immediately, however, after this change, 
crystals begin to appear in the fluid and finally the whole mass solidifies 
and then melts at 47-49®. This lower melting modification was also 
obtained by crystallization from alcohol. It is an interesting fact that the 
dimethylether of hydrourushioP melts at 38-39°, or practically at the same 
temperature as the melting point of our unstable modification. 

Calc, for CmH 8802’ C, 78.95; H, 11.46; found: C, 78.67; H, 11.18 

1.4- Myristylethoxybenzenef CH3(CH2)i2C0.C6H4.0C2H6. —^This ketone 
was prepared by application of Eriedel and Crafts’ reaction with 52 g. 
of myristyl chloride and 100 g. of phenetol in the presence of 72 g. of 
aluminium chloride. After heating for two days at 60-70° the mixture 
was then poured while warm into warm, dilute hydrochloric acid and the 
crude ketone extracted with ether. After drying over calcium chloride, 
the ketone was subjected to distillation under diminished pressure and 
that fraction saved which boiled from 260-320° at 27- 35 mm. This 
weighed 29 g. and was purified by crystallization from alcohol. It sepa¬ 
rated from this solvent in colorless blocks which melted at 66 -67° to an 
oil. 

Calc, for C»H3602. C, 79 44; H, 10.92; found: C, 79.02; H, 10 72. 

1.4- Tetradecylethoxybenzene, CH3(CH2)i3.C8H4.0C2H6.—^This compound 
was easily obtained by reduction of the above ketone with zinc amalgam 
and hydrochloric acid. It was purified by crystallization from alcohol 
and melted at 36-36.5° to an oil. 

Calc, for CjsHssO. C, 82.94; H, 12.03; found* C, 82.52; H, 11.83 

1.4- Tetradecylphenol, CHs(CH2)i3.CeH4.0H.—^This phenol was obtained 
by heating the ethyl ether (above) with glacial acetic add, saturated at 
0° with hydrochloric add, for 2-3 hours at 150-160°. It was ixisoluble 
in water and was purified by crystallization from petroleum ether and 
separated in stout prisms, which melted at 73-74®. The phenol is in¬ 
soluble in aqueous sodium hydroxide solution. It gives Millon’s test. 

Calc, for C24Ht40: C, 82.67; H, ii.8j; found: C, 82.25; H, 11.87. 

The phenol is also formed smoothly by heating the ether in a pressure tube 
with hydriodic add and a trace of phosphorus at 155-156°. 

i^4^Myristylphenolf CHa(CH2)x2C0.CeH4.0H. —^Twenty-five grams of 
myristyl chloride and 13 g. of phenetol were dissolved in 150 cc. of dry carbon 
disulfide. Thirty-five grams of aluminium chloride were then added,^ in 
small portions at a time (2 g.) to avoid too violent action, and the solution 
^ Majima, Bet,, 45, 2729 (1912). 
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fifially heated to boiling for 5 hours. The mixture was then poured into 
dilute hydrochloric acid and finally heated on the steam bath to expel the 
carbon bisulfide. The ketophenol was then obtained as a heavy, black 
•oil which dissolved immediately in cold dilute sodium hydroxide solution. 
In order to purify the phenol for analysis the alkaline solution was digested 
with bone coal and the phenol then precipitated by addition of hydro- 
chloric acid. It separated as a brown powder and was purified further 
by crystallization from a large volume of petroleum ether. It separated 
in the form of a pink powder and melted at 74-74.5 to an oil. The yield 
was poor. 

Calc, for C2oH8tOa; C, 78.86; H. 10.60; found. C, 78.96; H, 10.81 


An attempt to reduce this ketone to the corresponding tetradecyl- 
phenol with zinc-amalgam was unsuccessful. Only a mere trace of this 
phenol was obtained after digesting 11 g. of the ketone with amalgam and 
hydrochloric acid for 46 hours. The reduced product was easily separated 
from the ketone by treatment of the raw reduction product with dilute 
sodium hydroxide solution. The tetradecylphenol was insoluble in the 
alkali and was identified by its melting point (73-74°). 

OCH5 

A, 

Dimetkylether of Myristylhydroquinonc, qq (CH2)i 2 CHt* — com- 

OCH, 

pound was easily obtained by application of Friedel and Crafts’ reaction 
with 15 g. of hydroquinone dimeUiylether, 26 g. of myristyl chloride and 
16 g. of aluminium chloride. Petroleum ether was used as a diluent. 
The reaction was extremely smooth and the yield of crude material was 
37 g. The ketone was purified by crystallization from alcohol and sepa¬ 
rated in plates, which melted at 51-52® to an oil. The compoimd was 
insoluble in aqueous sodium hydroxide solution and did not give Millon’s 
test. It dissolved, however, in a cold alcoholic solution of sodium hy¬ 
droxide while, on the other hand, the reduction product (below) was 
insoluble in this same solvent. 

Calc, for CnHtsOx: C, 75*79; H, 10.42; found: C, 75.58; H, 10.83. 


Dimetkylether of Tetradecylhydroquinone, 


OCH, 

OCH, 


potmd was obtained by reduction of the above ketone with amalgamated 
zinc and hydrochloric acid. It is very soluble in cold etlier, petroleum 
ether and difficultly soluble in cold alcohol. The compound boiled at 260- 
375® under 25-35 mm. pressure and crystallized from petroleum ether 
in aggregates of short needles which melted at 65® to an oil. 

Calc, for C22 H,,Os: C. 78.94; H, 11.45; found: C, 78.52; H, 11.10. 
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The Action of Nitric Acid on Tetradecykeratfol .—^tllis eth* 
does not interact smoothly with nitric add. Two grams of theweratn^ 
were suspended in 12 cc. of concentrated nitric add (sp. gr. 1.42) and the 
add warmed suffidently to mdt the etiier. This was then left in contact 
with the add for about 10 minutes and then washed free from tadd fay 
pouring into cold water. The nitro compound was finally puatfied aa 
follows: It was extracted with ether and dried over caldum chloride. 
After spontaneous evaporation of the ether, the nitro compound was 
purified further by crystallkation from petroleum ether when it separated 
in the form of flakes which melted at 91-93“. The yield was small. 
A nitrogen determination agreed with the calculated value for a mono- 
nitro derivative—CH,(CH»)«.C«H*(NO,) (OCH,)*. 

Calc, for CiiIlt;04N' N, 3.69; found: N, 3.8. 

Majima and Nakamura^ observed that the mononitro derivative of the 
dimethylether of hydrotmishiol melts at 72-73“. 

Nkw Havsn, Cokn. 


[CONTRIBOTION FROM THB ChBMICAI. LABORATORY OF THE UnIVSRSITY OF CINCINNATI.]' 

ELECTROMERS AND STEREOMERS WITH POSITIVE AND 
NEGATIVE HYDROXYL. 

By IfAUDER WlLUAM JONBS. 

Received March 9, 1914. 

Although hydroxylamine is one of the simplest inorganic compounds 
containing nitrogen, it has not escaped speculative controversy concerning 
the structural formula best suited to represent it. Two formulas have 
been proposed: 

H,N—OH HO^-O 

(I) (II) 

Many of its reactions in organic chemistry, as well as some of its physical 
constants,^ seemed to justify the formula which the name, hydroxyl¬ 
amine, implies. Some of the reactions, however, and especially the dtial 
role which hydroxylamine plays as an oxidizing agent and as a reducing 
agent, have inclined other investigators to support the second formula. 

One of the earliest statements of this view was made by Kolotow,* 
who heated hydroxylamine with ammonia at ioo“, but could not find a 
trace of hydrazine. From this vague experiment, he concluded that hy¬ 
droxylamine did not react as a hydroxyl compound, and that the formula, 
H$N =0 was consequently the more probable. Haber* found that hydroxyi- 

‘ Loc. cif. 

* Biiild imferred the fcRmula, —OH, as moreooasistmtwimhaspectnxhcMii- 

cal findings. Ber., 32, 366 (1899). 

* Kolotow, Ber., 26, 761 (1893). 

* Habn-, Ibid., 29, 2444 (1896). 
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amine in alkaline solution oxidized ferrous hydroxide to ferric hydroxide, 
and was itself reduced to ammonia; while an acid solution, containing a 
hydroxylamine salt, reduced ferric salts to ferrous salts, with the evolution 
of a gas which was almost pure nitrous oxide. His conclusion was that the 
reactions of hydroxylamine could be interpreted best by assigning two 
different formulas to it, viz,, formula (I), or the salt, NH3(OH)Cl, in acid 
solution, and formula (II) in alkaline solution. 

In these disputed relations, as in other cases of a similar character, the 
opinion gradually emerged that hydroxylamine must be placed among 
the ever increasing number of tautomeric substances. The deportment 
of hydroxylamine with various alkylating and acylating agents shows 
all of the earmarks of the well known Protean reactions so commonly 
met with in the study qf tautomeric substances. In my opinion, the 
experimental evidence is sufficient, not only to establish a tautomeric 
relationship in the ordinary^ structural sense, but also, as will be shown 
later, to confirm the belief that hydrox3damine and its derivative, in many 
of their reactions, behave tautomerically in the electronic sense^ as well. 

Structural Tautomerism of Hydroxylamine Derivatives. 

The experiments of Dunstan and Goulding^ suggested structural tautom- 
<erism, since they showed conclusively that direct alkylation of hydroxyl¬ 
amine led, in all cases, to salts of or N-alkyl hydroxylamines of the fol¬ 
lowing types: 

H 


(R)jj='N—()H 

I 

X 

(A) 


OH 

I 

X 

(B) 


(R).=N—OR 

I 

I 

X 

(C) 


By the action of alkalies upon compounds of type (A), /8-dialkyl hydroxyl- 
amines, (R)2N—OH, were obtained. When compounds of type (B) 
were treated with silver oxide and water, they gave hydrated amine oxides. 


(R)&N«0.2Hj 0 or 


H.H2O 


^Fry, Z, physik. Chem,, 76, 391 (1911); Jones, Am. Chem. 48, 26 (1912); 
Bray and Branch, This Journal, 3 S, 1440 (1913); Fry, IM., 36, 265 (1914). 
W. A. Noyes (Ibid., 35, 767 (1913)) has given some experimental evidence 

which seems to indicate the existence of a nitro-nitrogen trichloride, N+(Cr)j, differing 
from the ordinary ammono-nitrogen trichloride, N5::± (Cl )s. The ix)ssibility of ammonia 
dissociating ionically to give N = and N^, with positive hydrogen in one case and nega* 

tive hydrogen in the other, was assumed by Noyes in an early article (This Journal, 23, 
430 (1901)). 

* Dunstan and Goulding, J. Chem. Soc.. 69, 839 (1896); 7$, 1005 (1899). 
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By <»Teftil dehydration of these sutM^nnces, MeiseohdiniM:* pre^Mued an¬ 
hydrous amine oxides, (R)tN= 0 , whidi could be sublimed in vacuo to> 
give solid crystalline compounds. The structtu^ formulas assigned to- 
them were confirmed by the fact that they all gave tertiary amines upon 
reduction, and that tertiary amines, when treated with hydrogen peroxide, 
were changed into amine oxides. Halogen alkyls reacted with the amine 
oxides to form derivatives of type (C). These experiments show that 
compounds obtained by the direct alkylation of hydroxylamine must be 
referred to the formula, H*N= 0 . 

When, however, halogen acyls or add anhydrides react with hydroxyl- 
amine, the first acyl always replaces a hydrogen atom in the 0 - or N- 
position (I); but the second acyl group invariably assumes the a- or O- 
position (II). 

OH O if O 

II I II I II 

R—C—N—OH R—C—N—O—C—R 

(I) (11) 

The third acyl group may substitute the remaining hydrogen atom ia 
the $- or N-position,* ot it may react with the hydroximic form to give 
an oxygen-acyl derivative. q 

II 

O O O-tC—R 

II II / ' 

(R--C)2N~-0-~C~-R or R~-C=N~- 0 ~<:---R 

II 

o 

From these observations, the conclusion may be drawn that hydroxylamine 
reacts with acylating agents as if it had the formula, HaN—OH. In 
fact, it was reactions of this particular character which induced Lessen^ 
to decide that “the three hydrogen atoms of hydroxylamine were not 
equivalent,”* and to choose the formula HaN—OH in preference to the 
formula HsN= 0 . If the action of alkylating agents had been unravelled 
first, we should probably have used the formula HaN^O, instead of for¬ 
mula (I). 

In addition to these instances, the reactions of alkylating agents with 
aldoximes and with ketoximes furnish further evidence of a similar char¬ 
acter. With compounds of these two classes? it frequently happens that 
one and the same reagent gives two types of alkyl derivatives during the 
same reaction.® 

^ Meisenheimer, Ann,, 385, 1x7 (1901). 

® Jones, Am, Chem, so, 15 (1898); 48219 (19x2). 

’Lessen, Ann,, x6x, 347 (1872); 175, 271 {1874); <86, i (1877); 35a, 170 (1889};; 
Fer., 17, 1587 (1884). 

* Lessen, Loc, cit. 

’ Beckmann, Ber,, aa, 1536 (1889). 
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2 (R),C=sN*—ON a -f 2 RI=: (R)iC=N-~OR + (R)jC—N—R -f aNal 

\/ 

O 

The Oxidation and Reduction of Hydroxylamine and Its Derivatives. 

Before the evidence in favor of tautomerism in the electronic sense is 
presented, attention may be called to the fact that the controversy re¬ 
garding a formula for hydroxylamine is based upon arguments which are 
very closely allied to those advanced for hydrogen peroxide. In fact, a 
number of chemists have emphasized the striking similarity in behavior 
of these two substances. Both compounds act as oxidizing agents and 
as reducing agents; and, to explain these contrasting reactions, analogous 
structural formulas have been proposed for each. 

Hydroxylamine: HjN—OH and H 8 N =0 
Hydrogen peroxide: HO—OH and H20=0 
Wagner^ called attention to this resemblance, and stated that hydroxyl- 
amine might be regarded as hydrogen peroxide in which one hydroxyl 
group had been replaced by the amido group. From this point of view, 
hydroxylamine would be the amide of hydrogen peroxide, and hydrazine 
would be its diamide 

H—O—OH H—O—NH2 H2N>-NH2. 

Hydroxylamine and \ts derivatives are so prone to engage in reactions 
involving either intramolecular or intermolecular oxidization and reduc¬ 
tion that there is no difficulty in finding siutable cases to illustrate this 
behavior; a few chosen at random will suffice. 

In the first place, it has been shown that the instability of hydroxyl- 
aihine itself may be explained by changes involving mutual oxidation and 
reduction. The reactions are expressed approximately by the following 
equations: 

aNHsO - N2 + NHa + 3H2O (major) 

4NH8O = N2O + zNHa + 3H2O (minor) 

The /S-disubstituted hydroxylamines, (R)2N—OH, form a class of com¬ 
pounds which seem to lie close to the border line of instability. By very 
slight changes in the physical or chemical conditions, they generally 
decompose to give products which would be expected to result by a pro¬ 
cess of intramolecular oxidation.^ Thus, Waldcr* found that / 3 -dibenzyl 
hydroxylamine, (C7H7)2N.OH, in the presence of acetyl chloride, or even 
with hydrogen chloride and acetic acid (Beckmann's mixture), gave chiefly 

‘ Wagner, Z. Russ. phys. chem. Soc., 30, 721 (1899); C. B., i, 244 (1899); see also 
Angdi, Chem. Zenir., xi, 804 (1910); Stieglitz and Curme, Ber., 49, loii (1913); 
Stieditz, This Journal, 36, 282 (1914) note. 

* Victor Meyer, Ber., 19, 1629 (1886) note; An electronic interpretation was given 
by Jones, Am. Chem. J.» 49, 422 (1913)- 

• Walder, Ber., 19,1629, 3287 {1886); Behrend and Leuchs, Ann., 257, 233 (1890}. 





benzaktehyde and benzylamine. Dtmstan and Ooulding^ stated that 
i 9 -diethyIhydroxylamina, when heated, gave acetaldehyde and ethylamine. 

(CaHft),N-~OH * CHiCHO + C»Hr-NHi. ^ 

Bewad^ studied the action of oxidizing agents upon many d^dialkylhy* 
droxylamines. With jS-ethyl'Sec.-amylhydroxylamine, he obtained 
acetaldehyde, j^.^amylamine, diethylketone, ethylamine, with sotne 
ammonia and ethyl- 5 ^(;.-amylamine. An interesting statement concerning 
the quantitative relationship existing between the amotmt of oxidation 
effected by tlie oxidizing agent and that due to intramolecular oxidation 
caused by the alkylhydroxylamine itself is found in Bewad's article. He 
said, “The oxygen from the hydroxylamine derivative participated in 
the reaction is such a way that tlic share of oxidation alloted to the oxi¬ 
dizing agent was very much less than that produced by the alkylhydroxyl¬ 
amine itself.*' 

It is noteworthy that similar changes have been reported by Berg* 
in the study of dialkylchloroamines, (R)jN—Cl. Thus, ethyl-isoamyl- 
chloramine, (C2H5)(C5 Hii)N—C l, upon treatment with alcoholic potash 
and then with acids, gave acetaldehyde, isoamylamine, isovalericaldehyde, 
and ethylamine. It will be observed that this reaction is strikingly like 
the one which has been shown to occur with iS-ethyl-ser.-amylhydroxyl- 
amine, (C,H5)(C6Hu)N—OH. 

There are many reasons for believing that this analogy is not super¬ 
ficial, but highly significant; and that the mutual oxidation and reduction 
of dialkylchloroamines and of / 3 -disubstituted hydroxylamines have a 
similar underlying cause. The fact that the chlorine atom^ in chlo]:o- 
amines must be considered as positive (Cl*^) in character suggests the possi¬ 
bility, and even the probability, that the hydroxyl group in d-dialkyl 
hydroxylamines may be positive* (HO'*') also. 

^ Dunstan and Goulding, /. Chem. Soc., 75, 793 (1S99). 

* Bewad, /. prakt, Chem., 63, 193 (1901). 

< Berg, Bull. soc. chim., [3] X7, 297 (1897); Jones, Am. Chem. J., 49, 426 (19x3). 

* Two atomic weights of iodine are liberated for every atomic weight of cbloiine 
in the ddoroamme. SeliWanow, Ber., 35,3617 (1892); Noyes and Lyon, Tins JotntNAL, 
3$, 463 (1901); Noyes, Ibid., 35, 767 (1913); Stieglit*, Ibid., 33, 769 (1901); 39, 51 
(1903), etc. 

* Stieglitz, This Journal, 36, 288 (1914) in a foot-note makes the following state¬ 
ment concerning positive hydroxyl: '"The similar behavior of hydroxylamines and 
halogen amhies, of hydroyxlainine and hydrogen peroxide, still more the fundamental 
similarity existing between hydroxylamines and ammonia and between their salts, and, 
above ah, the fact that, as far as the writer is aware, no hydroxylamine derivative 
has been found to exchange hydroxyl for halogen by treatment with halogen add or 
phosphorus halides are facts on which the writer's views are based. (According to a 
later private communication from Dr. Jones he has now reached the same condusion 
on this question and has discovered further evidence supporting it.") 
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I>trom iWs point of view, the analogy between these two reactions may 
he eapramsd by the following equations: 

H H 

+ + 

I (+ OH) I (-OH) ^ H -f -a 

(R'^)t=C+—N~ + a=(R+).=C + —N +—Cl=(R+)^=crZN+(H +—OH) 

I I I 

+ + + 

R R R 

(R+)r=Cq:±N=:(R+).CjZN + H 4~0— + H=(R+),=cJZO + (H+),=N— + R 
I j Ketone or Amine 

-f + aldehyde 

R R 

More conclusive evidence in support of this assumption will be presented 
later in this article. 

The amine oxides, R8N=0, fumi^ many interesting illustrations of 
intramolecular and intermolecular oxidation. Merling,^ and later Wer- 
nick and Wolffenstein,* prepared members of this class of compounds by 
cnddizing N-alkylpiperidines and similar compounds with hydrogen 
peroxide. iV-methylpiperidine oxide, C&HioN (= 0 )CHa, showed the sur¬ 
prising property of parting with its oxygen when a stream of hydrogen 
chloride was passed through it, or when it was gently heated. A^-methyl- 
piperidine was regenerated almost quantitatively. The corresponding 
ethyl derivative, when heated, decomposed in two ways: (o) to give 
AT-ethylpiperidine and oxygen; (6) to give ethylene and 5 -aminovalerianic 
aldehyde. Since ^-aminovalerianic aldehyde is formed by the action of 
hydrogen peroxide upon piperidine, it may be assumed that ethylene was 
produced first, and that the amino aldehyde resulted by a process of in¬ 
tramolecular oxidation resembling that described above in the case of 
/S-dialkyl hydroxylamines. 


H, 

Hj 

H, 

Hi 

HiC/^ ^CH, 

h,C'^\:h, 

HjC^ ^CH, 

ntc/ \:] 

1 1 —^ 

1 1 — 

1 1 

-► 1 1 

HtCv. /CH, 

T<o 

H,Cv /CH, 

|\) 

H,C\ /CH, 
\n/ 

1 

HC vC] 

✓ f 

C,H. 

H 

OH 

Hi 


Very similar reactions have been noted by Dunstan and Goulding,^ 
by Mandock and Wolffenstein^ and by Meisenhaimer* in the study of 

^Merlmg, Ber., aSi 3123 (1893)* 

• Wemick and Wolfienstein, Brr., 31,1353 (1898}. 

* Dunstan and Goulding. /. Chem. Soc., 799, 1004 (1899). 

♦ Mamlock and Wolffenstein, Ber,, 33^ 159 (1900); 34, 2499 (1901) 

* Meisenheitner, Ann., 385, 117 (191O; 396, 75 (1912); 397, 273 (i9»2); 399, 37* 
(1913); Fromm, Ibid., 399, 366 (1913). 
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sijBq>ler amine oxides. Thus, trimetbylanune oxidereadily decomposed in 
two ways: (a) to give trimethylaminc and oxygen gas; (6) to give fcrnxal- 
dehyde and dimethylamine. 

2(CHa)8N=0 « 2(CH8)8N + 0 %. 

(CH 8 ) 8 N =0 « (CH,)2N~H + CH» 0 . 


Dunstan and Goulding, in summing up the behavior of amine oxides, said, 
‘'From a careful study of amine oxides, we conclude that the oxygen is 
in the ‘active* condition analogous to the oxygen atom in hydrogen per¬ 
oxide.** In connection with similar experiments, Hantzsch and Hillard^ 
said, “Since, furthermore, this reaction (m., the loss of oxygen to give 
trimethylamine) occurs also when a solution of trimethylamine oxide is 
placed in contact with silver oxide; and since, in general, the properties 
of the base remind one of hydrogen peroxide, it seems plausible to assume 
that trimethyloxyammonium hydroxide may dissociate into trimethyl- 
amine and hydrogen peroxide.** 

(ch8)sN(oh)8 (ch8)8N + H2O2. 


Hantzsch and Hillard suggested that the oxidation of tertiary amines by 
hydrogen peroxide to give hydrated amine oxides indicated that this re¬ 
action might be considered as reversible. 

The Action of Hypochlorous Acid and of Bromine upon Tertiary Amines. 

In this connection, some experiments of Willstatter and Iglauer,® and 
of Hantzsch and Graf* are significant. Willstdtter studied the action of 
hypochlorous acid upon trimethylamine. From structural considera¬ 
tions alone, it would seem probable that this reaction might give the same 
compound which had been obtained previously by the action of hydrogen 
chloride u^n trimethylamine oxide. E, g., 


(I) (CHi),N =0 H- HCl 

(II) -1- HOCl » 


/OH 

- (CH,),N<( 

^Cl 

/OH 

(CH8),N< 

^C1 


As a matter of fact, a totally different reaction occurred, which Willstdtter 
expressed by the following equations: 

(CH8 )sN + HOCl « (CH8)*N—Cl + CHjOH. 

The salt (I) obtained from trimethylamine oxide does not yield eith^ of these 
products under any circumstance,^ Hantzsch and Graf discussed these 
^ Hantzsch and HiUard, Ber,, 3X1 2058 (1898). 

* WUlst&tter and Iglauer, Fcr., 33, 1636 (1900), 

* Hantzsch and Oraf, Bsf., 38, 2x56 (1905). 

* Meisenheimer, Ber., 46, 1149 (1913)^ Trimethylaipine oxide was treated with 
hypochlorites, but not a trace of dimethylchloroamine cotald be found. 
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ptizzling experiments, and decided to represent the two possible compounds 
as **coordination isomers** in accordance with Werner*s hypothesis. 

[(CHOaNOHjCl. From (CH3)8Nr^O and HCl. 

[(CH8)3Na]OH. From (CH8)3N and HOCl. 

The experiments of Willstatter and Iglauer were repeated by Meisen- 
heimer,^ who used not only hypochlorous acid, but also hypochlorites. 
His experiments showed that a serious mistake had been made in the in¬ 
terpretation of the reaction; formaldehyde was produced, not methyl alcohol. 
In addition to dimethylchloroamine, he isolated monomethyldichloro- 
amine, CH3—NCI2. 

(CH 3 ) 3 N + 2HOCI - (CH3)2N—Cl + CH2O + H2O + HCl. 

(CHs) 2N--H + 2HOCI = (CH3)N=:r=Cl2 + CH2O 4 * H2O + HCl. 


The reaction recjuired a large excess of hypochlorite. When only two 
mol equivalents were used, the formation of the chloroaminc was scarcely 
perceptible; the chief products in that case were unchanged tertiaiy^ amine, 
and a secondary amine accompanied by formaldehyde. 

Meisenheimer accounted for these results by assuming that the free 
chlorine present in the hypochlorite reacted by addition with the tertiary 
amine to give (R)3NCl2, which was subsequently changed in accordance 
with the following equations: 


(CH,). 


/Cl 

= N< + H,0 = (CH,), = N—Cl + HCl + H,0 =: 

^CI II 


CH, /H, 

(CH,), — 4 CH,0 4 HCl. 




Cl 


/H, 

(CH,), =: + NaOCl = (CH,), = N — Cl 4 NaCl 4 H,0 

^C1 


In my opinion, it is quite unnecessary to assume that the dichloride is re¬ 
sponsible for these changes, although, as will be shown later, in the case 
of the corresponding dibromide, it would lead to the similar reactions if 
it were formed. It seems entirely sufficient to assume that the hypo- 
dilorous acid reacts with the tertiary amine to give trimeth}dchloro- 
ammonium hydroxide, (CH 3 )sNCl(OH), and that this is the substance 
undergoing change in these reactions. In fact, if the dichloride were 
formed, it would not persist to any extent as such in an alkaline medium 
of the character of sodium or calcium hypochlorite, but would be expected 
to give trimethylchloroammonium hydroxide. 

The behavior of bromine towards tertiary amines led to similar anom¬ 
alies. Hantzsch* obtained the dibromide of trimethylamine as a reddish 

* Meisenheimer, Ber.^ 46, 1148 (1913)- 

* Lac, cU, 
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yeUow solid wliidi melted at' 85 It had a distmct odor of bponiae, and 
dec^posed rapidly in moist air. As Haatzsdi himself twqgg^ed, 
structural relations, pure and simple, would lead one to expect that such 
a dibromide might react with alkahes in much the same fa^on that lead 
dibromide, or other similar inorganic salts, have been found to react; 
and that the action of alkalies upon the dibromides of tertiary amines 
might }ddd hydrated amine oxides. E. g., 

Pb(Br), + 2KOH = Pb(OH)Br + KBr + KOH *= Pb(OH), + »KBr. 
(R,)N(Br)»+2KOH * (R)aN(OH)Br+KBr+KOH=(R),N(OH)j+aKBr. 
But this was not the case. Potassium hydroxide reacted with the di¬ 
bromide of trimethylamine to give trimethylamine, potasskim hypo- 
bromite, and potassium bromide, with small amounts' of dimethylbromo- 
amine, but not a trace of trimeikylamine oxide or its hydrate could be found. 

An Electronic Explanation of tiie Action of Hypochlorous Acid tad of 
Bromine upon Tertiary An^es. 

Several important conclusions may be drawn from these experiments, 
viz., that both the bromine molecule and the h3rpochlorous add molecule 
add to tertiary amines in such a way that the two groups of each molecule 
preserve all of their distinctive electronic characteristics even after the addition 
has taken place. From an electronic point of view, bromine in hypo- 
bromous add is positive (Br+), while it is negative (Br~) in hydrogen 
bromide. The bromine molecule may be represented by the electronic 
formula,' BrH—^Br. Similarly, hypochlorous add, in accordance 
with its usual behavior towards organic compounds, may be written 

H H- 0 -h Cl.* In terms of these symbols, the addition reactions 

discussed above may be represented in the following manner; 

O— -h H 
-h 

<CH,+)SK+ + a = (CH,''-)SN+ + S'” ^ 

Br 

(CH,+)S4± + Br = (CH,+)i=N it g' 

In at least one essential particular, the reaction of tnomine uponj^metalhc 
lead differs from the action of bromine upon trimethylamine, viz., botii 
bromine atoms in lead dibromide are eliminated by alkalies in the form of 
bromide, and must be represented as negative.* 

‘ The chlorine molecule was giywi a corresponding fonnula, Cl-i- — O, by W. A. 
Noyes, This Jouxnai., 23, 463 (1901); StiegUtz, Ibid., 33, 797 (1901). See Wslden, 
Z. pbysih. Ckem., 43,385 (i908)- 

* Stieg^itz, Lac. cit. 

' It is very probable that between these two extremes, there may be many cases 
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The results obtained by WillstMter and Iglauer in their experiments 
with hypochlorous acid and tertiary amines may be interpreted electron¬ 
ically by assuming that the intermediate product with positive chlorine 
and negative hydroxyl was transformed in much the same manner as the 
dialkylchloroamines studied by Berg were found to change; viz,, through 
intermolecular oxidation brought about by positive chlorine. The re¬ 
actions xnay be represented by the following equations; 

— -I- Cl 4* — Cl 

(CHa+)2=N -f (CHa+)a—N + — OHIT (CHa-^)a=N + —OH+ H -|- —Cl 

I I I + 

4- 4- -f 1 

CHb CHa CHa 

(CHa+),=N 4- —OH 4- H 4- —0~ 4*H=: (CHa+ )r—N + —OH + c| Zo 

II II II 

+ + + + + + 

CHj H, Hj 

(CH,+)i=N — +H+H + —O— + a=: (CH,+)^N — +C1+H + — O — -fH 

The formation of monomethyldichloroamine also is easily accounted 
for. Dimethylchloroamine, like the compounds of the same class studied 


in which the tautomeric equilibrium is more easily shifted by comparatively slight 
changes in physical or chemical conditions. Thus, phosphorus trichloride reacts with 
chlorine to give phosphorus pentachloride. When phosphorus pentachloride is 
treated with water, all of the chlorine is eliminated as hydrogen chloride. This sug¬ 
gests the dectmnic formula, 


(a-),+ 


+ —a 

+ —Cl 


But phosphorus pentachloride dissociates slightly at ordinary temperature, and much 
more completely at elevated temperature, to give phosphorus trichloride and chlorine. 
Assuming that the electronic formula given above represents the state of the chlorine 
atoms in the pentachloride, a dissociation of this kind presupposes an intramolecular 
oxidation, and, therefore, a condition of electronic equilibrium expressed in the following 
•equations: 

(a-),|p + ^ :5:i. (a-).+p ^ ^ (cr).+p ± + ci + -a 


Many other dissociations require similar electronic explanations. Mercuric oxide reacts 
with acids to give a mercuric salt and water; but when it is heated it dissociates into 
metallic mercury and oxygen: 

sHg ^ ZO 2Hg + ±0 jHgT + o ± + O 


Even water, since at high temperature it shows an appreciable dissociation into hydrogen 
end oxygen, must be represented thus: 

aH + —O—+ H ^±1 2 H + —0+—h:J± 2 H+—H + 

These cases are merely illustrative of countless others which might be cited. 
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by Bet^g (see p. 1272) would undei^ intramolecular oxidation to give a 
cUoride, methylamine, and formaldehyde. 

(CHi+).=N— + a = (CH,+)--N + — a = (CH,+) — N + H + — O 

I 1 + 

+ +1 

Hrf: — + H %c 

(CH,+)—N+H + —O—+H =: (CH,+)—N+ H,C j Z O 

++ + + 

H>C H« 

Methylamine would then be changed to methyidichloroamine by the action 
of the hypochlorite, 

(CH,+)—2h+—o—+C1 = (CH.+)—n“;J;^+2h+-oh. 

The hydrolysis of trimethylamine dibromide by means of alkalies may 
be explained as follows: If complete hydrolysis occurs, the products will 
be trimethylammonium hydroxide, or a tertairy amine and water, a hypo- 
bromite, and a bromide. 

(CH,+), = N+±g + 2K + —O— +H = 

(CH,+), = +Br + K + —Br. 

If only partial hydrolysis takes place, the reaction may be represented by 
the following equation: 

(CH,+), = + K+ —0- + H- (CH,+), = N+ K + -Br. 

This intermediate product should be the same as one which would be 
formed by the addition of hypobromous add to trimethylamine. It 
would either be hydrolyzed further, or dissodate directly, into hypo- 
bromus acid and trimethylamine. On the other hand, it might undergo 
intramolecular oxidation, and lose formaldehyde to give dimethylamine, 
which would then be converted into dimethylbromoamine by the action 
of the h)q)obromite. (See reactions, (p. 1277) in the caseof hypochlorous 
acid.) These interpretations account for all of the aberrations actually 
observed by Willstatter and Iglauer and by Hantzsch. 

Electronic Tautomeriem of HydroxyUunine and its Derivatives. 

If hydroxylamine is considered from the electronic point of view, the 
variety of its reactions, as well as those of its derivatives, may be explained in 
a more satisfactory way than it has been found possible to explain them 
upon the basis of ordinary structural formulas. Furthermore, by simple 
hypotheses concerning the exchange of electrons between atoms composing 
these substances, the chemical changes involving oxidation and reduction, 
as well as molecular rearrangement, find consistent interpretations. 
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The spontaneous decomposition of hydroxylamine has been mentioned 
above* Lobry de Bruyn^ found that samples of pure hydroxylamine, 
which had been kept in clean sealed glass tubes for about two years, were 
only partially decomposed; they all contained ammonia, nitrogen and 
nitrous oxide, but only two of them showed traces of nitrous acid. Lobry 
de Bruyn speaks of these processes as ‘‘Selbstoxidation und Reduction'* 
in which ** one part of the hydroxylamine gives oxygen and forms ammonia, 
while a second part suffers oxidation to hyponitrous acid and to nitrous 
acid which undergo further changes.” Many investigators have men¬ 
tioned the tremendous effect which alkalies have in accelerating this de¬ 
composition. If hydroxylamine is poured upon solid potassium hydroxide, 
it may even take fire and burn. Kolotow* studied the action of solutions 
of sodium hydroxide upon hydroxylammonium sulfate. The following 
products were formed which he expressed quantitatively in values for 
nitrogen based upon the fractional part of total nitrogen (16.41%) furnished 
by the sulfate. 

Per cent. 

NH, - 7.12 

Ni s* 6.68 

NjO = 2.22 

NaNOa = 0.39 

From these experiments, and many others which might be given, it will 
be found that the decomposition of hydroxylamine gives chiefly ammonia 
and nitrogen, with some nitrous oxide, nitrous acid and nitric acid. It 
has also been shown that hjqjonitrous acid is one of the products. 

If the assumption be made that the hydrogen atoms function positively 
in all of the following cases, the electronic equilibrium of hydroxylamine 
may be shown as follows: 


(I) 

(H+), = N— + 0 — + H 

It 


(H+),= N ±+ 0 

14 

(la) 

(H) 

tl 

(H+), = N 4- —0— + H 

T-*- 

+ 

III 

!z!± 

++ 

1 i 

0 

(Ila) 


A consideration of these formulas will show that (I) and (la), (II) and 
(Ila) represents pairs of structural tautomers, while (I) and (II), (la) 
and (Ila), respectively, denote pairs of electronic tautomers or electromers;* 
that is, compounds which, in the ordinary structural sense, are identical, 
but mutually transformable by an exchange of negative electrons between 
the atoms composing the molecules. 

^ Lobry de Bruyn, B«r., 27, 967 (1894), 

* Kdotow, 7 . Russ, Phys. Chem, Sac., x, 295 (1893); Ber., 26, 701 (1893). The 
figures given are those of Kolotow. With the present values of atomic weights, the 
percentage of nitrogen would be 17 07, instead of 16.41%. 

* The word * electromer’* was coined by H. S. Fry, and used by him in an article 
which appeared in the Z, physik, Chem., 76, 387 {19^ i)- 
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Stnictural tautomers (I) (la) 

cn) ;?2: (na) 

Electronic tautomm^ (I) ( 11 ) 

(la) (Ila) 

In terms of the electronic formttlas proposed above, the spontaneous 
decomposition of hydroxylamine may be explained. Since the h3^oxyl 
group in formula (1) is positive, there is no chance for this form to lose 
water. It is to be expected that a substance corresponding to formula 
(I) (or in view of the reactions of amine oxides, to formula (la)), would 
act as an oxidizing agent, and would readily dissociate into ''active oxy¬ 
gen ” and ammonia. 

(H+), = N+±0= (H+)a = N±+ + 0. 

In the case of amine oxides, the oxygen either escaped as free oxygen 
or was used to bring about oxidation intramolecularly or intermolecularly. 
Similarly, hydroxylamine in alkaline solution oxidizes ferrous hydroxide 
to ferric hydroxide, and is converted into ammonia. 

On the other hand, formula (II) would represent a substance which 
could lose one molecule of water, since the hydroxyl group in this case is 
negative, 

(h+)if=n+— o—+H = H+—n:;: + h+~-o—+h. 

This product of dissociation, active imide, corresponds in form to the uni¬ 
valent nitrogen derivatives which are assumed to play so important 
a role in the Beckmann rearrangement.^ A substance of such a formtila 
would be a powerful reducing agent, and would combine with the oxygen 
given by the dissociation of the form (H“‘‘)^NIjltO, or with oxygen fur¬ 
nished by other oxidizing agents, or with oxygen of the air, to give an elec- 
tromer of hyponitrous acid. 

H + —nI + 0 + :j:N = (H+), =H + —N+lo +(H+). = N±. 
Thefcarm, HNO, would rearrange to give hyponitrous add, or nitrous oxide 
and water. 

aH + —N+lo =aH + —N:{;ro = (H + — O — + N+),. 

»A third dectromer, (H+)| ~ N ^ O, mi,^t result ftwin either (la) or (Ila) by 

an exchange of negative electrons between oxygen and nitrogen. This formula leads 
to no corresponding tautomer of the formula H3K—OH, since rearrangement is precluded 
by the fact that positive oxygen cannot hold positive hydrogen. The improbability 
of this formtila is increased by the fact that no compounds NHt, NRi^ etc., have been 

made. Furthermore, thecQmpounds(R**')irr: N , « do not seem to show any ten- 

-r ‘^Jar 

deucy to become (R'^)a S N 1* 

-h -pi* 

* For the conception of univalent nitrogen as applied to the Bedcmann rearrange¬ 
ment, see Stieglitx, Am. Chem. 18, 751 (rSpd); 49 (*903); Stieglitz and Eari*, 
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Granting these statements, we are in a position to explain the fact that 
nitTcms oxide is the chief product obtained during the action of the majority 
of oxidizing agents upon hydroxylamine. It may be assumed that, in the 
presence of an active oxidizing agent, it would not be necessary for the oxy¬ 
gen to be furnished by hydroxylamine itself, but that it might be taken 
largely, or exclusively, from the oxidizing agent, and that, especially in acid 
solution, this might force the hydroxylamine to react almost quantitatively 
through the dissociation product,' HH—to give nitrous oxide. 

If, however, no oxidizing agent, except hydroxylamine itself, is present, 
the chief products are ammonia and nitrogen, with small amounts of ni¬ 
trous oxide, and still smaller amounts of nitrous acid and nitric acid. The 
formation of ammonia and nitrous oxide has been explained. To account 
for the nitrogen, it may be assumed that the speed of spontaneous decom¬ 
position is relatively slow, and that h)rponitrous acid, formed by the 
oxidation of active imide, reacts with hydroxylamine to give hydroxyl- 
ammonium hyponitrite, which might be expected to decompose at once 
to yield nitrogen and water. 

(NHs(OH)ON)2 = 2N2 + 4 H» 0 . 

In a similar manner, Wislicenus* found that nitrous acid reacted with 
hydroxylamine to give nitrous oxide and water. 

Ibid,, 30, 399, 412 (1903); Stieglitz and Slossen, Ber„ 3266 (1896); 34, 1613 (1902), 
etc. 

For an electronic interpretation in terms of univalent nitrogen see Jones, Am, Chem, 
J ., 48, 26 (1912); 50, 440 (1913); Stieglitz, This Journai,, 36, 280 (1914). 

The formula, H -1-would act also as an oxidizing agent. It is this specific 

property of univalent nitrogen derivatives which has been shown to be accoimtable 
for the Beckmann rearrangement. Thus 

R+ —C+ —N ± = O Z I C + ± N— +R = O Z J C i Z N— +R. 

+ + 

I 1 

O 

During the rearrangement the carbon atom is oxidized by losing two negative electrons 
which are gained by the nitrogen atom. 

* In acid solution, the presence of the salt, NHs(OH)CI, must be taken into consid¬ 
eration. Electronically, a loss of water would give a chloroamine, HjN H-Cl, 

with negative chlorine. 

(»[+)•= (H+), - N+-C1+H+-0H. 

Tbls chloroamine might lose hydrogen chloride to give active imide H H-N*^. It may 

be that this reaction is partially responsible for the changes observed in acid solution. 
In explaining the Bedonann rearrangement of oximes, Stieglitz has made similar 
assumptions concerning the intermediate products. Thus, in the case of ketoximes, 
Stieglitz (This JoimNAio 36, 281 (19x4)) assumes the intermediate product: 

(R+)z: c:}: z N +—a. 

* Wifliicenus, Ber„ 26, 77 {1893)' 
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NH,(OH)— 0 N =0 s: N,0 + 2Hi0. 

If the fonn H+—N= 0 , or hypooitroas add, continued to be oxidized, 
nitrous add or even nitric add would result. 

In many respects, the reactions of hypodilorous add resemble those of 
hydroj^lamine, and may be explained in a very siniilar way by assuming 
positive and negative hydroxyl. It is well known that hypochlorous add, 
in addition to its ability to substitute dilorine for hydrogen in mganic 
compounds, acts as an oxidizing agent and as a reducing agent. Further¬ 
more, on exposure to light, it dissodates into oxygen and hydrogen chloride. 
All of these reactions find a happy explanation if the assumption be made 
that hypochlorous acid behaves as a tautomeric substance in the elec¬ 
tronic sense. Thus: 

H+—0+—Cl H+—O—-fa 

(I) (11) 

There is also a possibility of having structural tautomers, similar to 
those proposed for hydroxylamine. 

H+—ci7±o H-I-—a^zo 

(lo) (n«) 

Formula (I) explains the dissodation of hypochlorous add in the light. 

2H+—O-H —Cl = 2H-f —Cl + O+lo. 

Owing to the tautomeric equilibrium between (I) and (II), which seems 
to be shifted by the action of light, h}qx>chlorous add gradually dissociate.^ 
into oxygen and hydrogen chloride. This reaction may be catalyzed in 
many other ways. 

When h3q)ochlorous add acts upon organic compounds as a chlorinating 
agent, it do^ so according to formula (II), and substitutes positive chlorine 
for positive hydrogen. In some cases the chlorine in the organic compotmd 
retains its positive character, that is, its ability to liberate iodine from an 
addulated solution of an iodide, etc. This is the case with chloroamines, 
diloroimidoesters, nitrc^en trichloride and many other compounds. It 
has been shown that tetraiodomcthane reacts with water to give iodoform 
and h3>poiodous add.’ 

I,C—+I + H+—O—+H = I,C—+H + H+—O—+ 1 . 

Bolas and Grove^ and later Nef^ found that tetrabromomethanei when 
heated with alcohol or with alcoholic potash gave bromoform, acetalde¬ 
hyde and potassium bromide, but not a trace of carbonate could be found. 
Similarly, Nef* found that tetrachloromethane, with one equivalent of 
sodium etjiylate, gave diiefly orthoformic ethyl ester, but no carbonate. 

* OustavsoQ, Ann,, 172,176 (1874). 

* /. Chem, $oc., 23, 164; 24, 783; Ann., X56» 60; x60| r6o. 

Ann,, 308, 329 (1899). 

* Nef, Loc, cii., p. 330. 
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Tetraiodomethane when heated with alcohol at 100® gave a quantitative 
yield of iodoform. Another interesting case of a similar character was 
reported by Nef.' Chlorocyanogen and bromocyanogen, when treated 
with alkalies are converted into cyanates together with chlorides or 
bromides. But iodooyanogen under the influence of the same reagents 
gave a cyanide and an iodate. These reactions would‘«uggest the following 
electronic formulas for these three compounds: 

N~C+—Cl NEHC+—Br N~C- +I 

The possibility of the halogen atoms being linked to nitrogen must be 
taken into account, but that would not alter the conclusion concerning 
the positive or negative nature of the halogen atoms. 

The behavior of bromophenylacetylene and iodophenylacetylene, also 
studied by Nef,^ indicates that the halogen atoms in these compounds must 
be considered as positive, since they react with sodium ethylate or potassium 
hydroxide to give chiefly phenylacetylenc, aldehyde (resin) and a halogen salt. 
In other cases the characteristic properties of positive halogen are lost 
entirely, which implies that, after substitution has occurred, an exchange 
of electrons between the atom linked to halogen and positive halogen 
gives compounds with negative halogen.® This is the case witli methyl 
chloride, chloroform, trichloracetic add, etc. 

HaC—+H + +C1 = HaC-+Cl + 

H+—C>~+H = H3C+—Cl + H+— 0 -+H. 
Formula (II) also explains the reducing action of hypochlorous acid 
which occurs when hypochlorites change to chlorates. 

H-f—O—-l-Cll + 2 H 4 ’~<)-f = H-f —O—+ 2 H 4 ---C 1 . 

tl 

O 

By intramolecular oxidation and reduction, this electromer may pass to 
the form HH—O—hCl^ZO, usually assigned to chloric add. 

II 

o 

^ Nef, Loc. cit., p. 320 

• Nef, Loc. cit., pp. 292, 310, 316, 

«Lachmann, Am. Chem., J. x8, 372 I1896), in an unsuccessful attempt to prepare 
N (CtHft)!, found that zinc diethyl reacted with tnethylamiue dibromide to give triethyl> 
amine, ethyl bromide, and zinc ethyl bromide. Electronically expressed: 

(cai,+).=N ~ + Zn + (C,Hr), = 

(C.H.+), = N ~ -I- C,H,— + Br + Zn ^ 

Here again negative ethyl may be assumed to combine with positive bromine to give 

in the first place, CaH^-Jr Br, which passes to the usual ethylbromide, CjH# -f — Br, 

that is, to the ethyl bromide which gives ethyhdcohol and hydrogen bromide upon 
hydrolysis. 
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Btsctromers and Stuvoiiiers with Poaithre and Ifegadva Hiribokyl^ir 

AUcozyl. 

' It has beeo shown in a fairly condusive manner that the hydi^oxyl 
group in faydroxylaffline may function poatively. If the hydroxyl group 
in faydroxylamine be regarded as positive, and if this condition the 
hydroxyl group be retained in the dkyl (aryl) derivatiyes, two inferences 
ocmceming the behavior of substituted hydroxylamines must follow k^- 
cally. 

(i) Compounds containing in thdr formula the group >N—OB or 
the group >N—OR should show different physical and chemical 
properties, depending upon the nature of the hydroxyl or alkoxyl group,' 
i. e., whether it is negative (I) or positive (II). 

>N+—O—+R >N—hO—+R 

(I) (11) 

Then, again, provided one of the hydroxyl groups is positive and the other 
negative, compounds of the type, (R)}N(OH)i, should exist in two iso¬ 
meric forms (electromers) when one of the hydrogen atoms is replaced 
by a single radical, R; and, furthermore, there should be two distinct 
isomers (electromers) if two of the hydrogen atoms are replaced simulta¬ 
neously by dissimilar radicals, R and R'. 

ISl +R- 

(») Compounds of the formula, R,R',R',N(OH)t, iu which there are 
three different alkyl (aryl) radicals linked to the nitrogen atom should 
exist in stereoisomeric modifications, provided one hydroxyl group is negative 
and the other one is positive. Sy the action of an optically active acid, 
e. g., <f-bromocamphorsulfonic add or d-tartaric add, a racemic compound 
cd>tained by s}mthesis should be resolved into a dextro- and a levo-modifi- 
cation. Optical activity might even persist in the corresponding amine 
oxides, R,R',R',N'+iO. Although the two hydroxyl groups are struc- 
turatty alike, they are totally different electronically. Consequently, the 
nitrogen atom is linked to "five different radicals," and, in tiiis respect, 
compounds of these types may be compared to substituted ammonium, 
compounds of the type R,R',R', R", N— IL, which have been repeatedly 
resdvedT into optically active forms.* 

It is a remarkable fact that experimental evidence supporting both of 

* LeBd, Compt. rend., iia, 724 (1891); 129, 548 (1899); Ber., 33, 1003 (1900): 
Wedekind. Ser., 33, 517. 336 * (*899): 3S» 766 (190a): 36, 3791 (1903); 381 1838 (i9af); 
Wedekind and Oberheide, Ibid., 37, 2712, 3894 (1904); W^ekind and Broelich, IM., 
38, 3438 (1903); Pope and Peachey, J. Chem. Soc., 75, 1127 (1899}; Pope and Harvey, 
Ibid., 79, 828 (1901). 
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these deductions has been presented quite recently, and a brief survey of 
the facts may be taken up here. 

1 . Electromers .—In the first place, the chemical behavior of "diazo- 
ethoxane/* studied by Zorn^ many years ago, may be described. Zorn 
noted, with some surprise, that hydrolysis of this compound, structurally 
an ester of hyponitrous acid, did not give hyponitrous acid. This fact 
even caused him to write the formula with a question mark after it.^ 
When an attempt was made to hydrolyze this compound by heating it 
with water, the products were ethyl alcohol, acetaldehyde, and nitrogen, 
Cja»-K)—N=N—<)—CiH, = C,Ht—OH + N* + CH,CHO. 

This singular reaction finds a plausible interpretation, if the assumption 
be made that the two ethoxy groups are different electronically; t, e., 
one of them negative and one of them positive. The following equations 
would then portray the reaction: 

CtHi-j- —O— -j- N N— -f-O— CtHi CaHfc-|-C)—'-f-N ^ N f-H Hf" 

Oljrlc—CH, = CaHi+---a--fH +0:;^ 1 c--ch,« 

+ 

H H 

There are many other instances of a similar kind in which esters of 
oximes or isonitro compotmds have changed to aldehydes and oximido 
compounds. Thus, when Nef^ heated the ethyl ester of fulminuric acid 
with water, he found that it gave desoxyfulminuric acid (cyanisonitroso- 
acetamide) and acetaldehyde. Here, again, it is highly probable that 
the ethoxy group should be represented as positive (+0—hCaH*), and 
that the reaction proceeded as follows: 

H 

O -h • O 

II I II . 

NC—C=N— 4-0- -fC—CH, NC—C»N— -fH + OT C—CH,. 

Ill ^“'l 

0 =C—NH, -f 0 =C—NHj -f 

H H 

This nitroso compound would rearrange to give the isonitroso compound, 
and the aldehyde, an electromer of acetaldehyde, would become 
OZtCHCCHa). Another instance of a similar character was described by 

* Zorn, Ber., xi, 1630 (1878); 15, 1008 (1882). ' 

* Meyer and Tacobson, ‘Xehrbuch,” I, p. 308. 

* This formula represents an electromer of acetaldehyde O Z J C—CHa- The 

H 

same may be true of the formula assigned to nitrogen with respect to nitrogen. 

^ Nef, Ann . 280, 328 (1894): Schultz, Ber„ 42» 738 (i909)> 
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Nei/ The silver salt of dinitroethahe reacted with methyl iodide to give 
formaldehyde and etbylnitrolic add. It may be assumed that the inter* 
mediate ester with positive methoxyl, 4*0—l*CHa, was unstable and dis* 
sodated at cmce. 

ZN— 4 0— + CH, = 

44 (CH,)(NO,)C|zN— 4 0—4H + HiCifZO. 

o 

a 

Certain experiments described by Meisenheimer^ are still more inter¬ 
esting. In an artide* concerning the “Non-equivalence of the Five Val¬ 
ences of Nitrogen,” Meisenhdmer describes the preparation of two isomenc 
compounds of the type (R)(=N(OCHs)(OH). The first isomer was pre¬ 
pared by the action of methyl iodide upon trimethylamine oxide, and the 
subsequent replacement of iodine by hydroxyl. Thus: 

1 . (CH,)SJ=0 + CHJ = {CH,)SN=°^®* 

*. + NaOH = 4 Nal 

(A) 

The second isomer was secured by the action of sodium methylate upon 
tiie salt obtained by treating trimethylamine oxide with hydrogen diloride. 

(CH,)SllJf + NaOCH, = + NaQ 

(B) 

The two forms, (A) and (B), are identical except for the order in which the 
hydtoxyl group and the meihoxyl groups were introduced. In (B), as 
Meisenhdmer said, the methoxyl group is linked to the “fifth valence,” 
or the one which usually engages the acid radical; while it is linked to the 
“fourth valence” in formula (A). But these two substances are fimdamen- 
tally different. This is easily demonstrated by a study of their solutions. 
When a water solution of trimethylmethoxyammonium hydroxide (A) 
was heated, it decomposed quantitatively in accordance with the fol¬ 
lowing equations: 

(A) (CH.)" <CH,),N + CHiO + Hrf) 

While trimethylhydroxyammonium methylate (B) showed a totally 
different behavicu. 

(B) = (CH.),N-0 + CHiOH 

* Nef, Loc. cit., p. 282 . 

* Meiaeoheiiner, Ann., 385, 117 (1911); 3961 75 3 » 7 i a*3 (191a): 399 i 37 * 

(* 9 * 3 ). 

' Meisenheliner, An»., 397, 273 (19*3). 
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In addition to these compounds, Meisenheimer prepared a number of 
isomeric mixed dialkyl compounds. 


E. g., 

X. 


and 

/ptx x —OC2H5 

(ch*)*n_och. 

2 . 


and 


3^ 


and 

- OCjH; 


In every case, water decomposed each of these six compounds to give a 
tertiary amine, an alcohol, and an aldehyde; but, invariably, the radical 
which was eliminated as aldehyde was the radical which occupied “posi¬ 
tion four (4)“and the group eliminated as alcohol always occupied “posi¬ 
tion five (5).“ Meisenheimer stated that he never obtained even recog¬ 
nizable traces of the aldehyde, which should have resulted if the group 
attached in position five had separated in that form. His conclusions 
may be stated in his own words: “Durch diese Reaktion ist bewiesen, 
dass die beiden Alkoxygruppen nicht in gleicher Weise an das Stickstoff- 
atom gebunden sind.“ 

Meisenheimer considered various possible explanations, such as the 
oxonitun formula, Werner’s ammonium formula, and the oxonium formula 
of Werner. The discussion of these points cannot be taken up here, 
but may be found by reference to the original articles. After presenting 
evidence for and against various views, Meisenheimer finally decided to 
formulate his compounds in the symbolism of Werner’s ammonium theory. 
Thus: 

"CH, CH, 1 rCH, CH* “ 

• • • • 

N and N 

.CHa OCH, J OCiH, LCHa OCaH# J OCH* 

However, he was not entirely satisfied with Werner’s symbols, and said, 
“ Dass die obigen Formeln nur dann richtig sind wenn mann sie anders 
interpretiert als A. Werner es tut.” Meisenheimer, in contrast to Werner, 
assumed that all five radicals are bound by “haupt” valences to nitrogen, 
four in the inner zone and one in the outer zone. But he considered that 
the ammonium compounds differed from such compounds as (CrCl2(OH2)4)“ 
Cl, etc., in that all four coordination positions of nitrogen are occupied 
by radicals with “haupt” valences, amd tliat the one in the outer zone is 
also linked by a “haupt” valence, but it does not have so firm a linking. 

The key to these disputed relations is easily furnished, in terms of the 
electronic conception, by assuming that the one hydroxyl (or alkoxyl 
group) is positive and the other negative; or, translated into Meisen- 
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beimer’s’ language, the '^fourth valeuce” of nitrcigeo is Hnked to a positive 
hydroxyl or alkoxyl group, while the “fifth valence,’’ or the one which 
usually engages the add radical, is Indeed to a negative hydroxyl or alkoxyl 
group. Thus: 

(A) (CH,+)SN~j2l+H**’(s) — +H|C^±0 

(B) (CH,+)S4~lJl+CH,S — (CHi+)Sq;±0 + CH.+ -0-+H 

To illustrate the decomposition of the di-derivatives, one set of equations 
may be given. 

(CH,+),Sa~^|2lI +^oJ) = (CH,'^)SN± + -O- -1-H + C+lo 

H 


(CH,+)cN 


+ _ 0 -+CH,( 5 )"" 


(CH,+)SNi + CH,+ —O— -t-H + CH,C+iO 


These facts make it highly probable that the hydroxyl group iu hy« 
droxylamine, and in its derivatives generally, may function positively. 
This applies to aldoximes, ketoximes, hydroxamic and hydroximic acids, 
isonitro compounds and many others which might be mentioned. The 
probability of tautomerism in the electronic sense, which would give 
compounds with negative hydroxyl, must be postulated for all sudi com* 
pounds. To illustrate this relation, the case of compounds tmdergoing 
Beckmann rearrangement^ may be given. 

O O 


+ 4 - 

R-f—C-h—-N 


-+n “R+-c+-n_+h 


o 


4 * 4 * 

R+_C+ —Ni + H-1- —OH = OzJQ:; ±N— +R =S OZ "N— +R. 

Formula (I) must pass to Formula (II) before a molecule of water can be 
lost to give univalent nitrogen; this is accomplished by an exchange of 
n^;ative electrons between the nitrogen atom and the oxygen atom; 
that is, formula (I) is a tautomeric electromer of Formula (II). 

2. Stereomers. —Meisenheimer* was the first to observe that amine 
oxides with three different radicals, R, R’, R', N= 0 , could be resolved 
into enantiomorphous modifications. Amine oxides of this kind were 
prepared by oxidizing tertiary amines with hydrogen peroxide or Caro’s 

* Meisenheimer, Ann ., 399, 37s (1913). 

'Jones, Am . Chem . J ., 48, 1 (1912); 50, 414 (1913); Sti^tz, This Jouhnal, 36, 
288 (1914} note. 

• Meisenheimer, Ber., 41, 3973 (190S); Am., 3g5,117 (1911}. 
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add. Mdsenheimer and his co-workers prepared methylethylaniline 
oxide, methylethyl-d-naphthylamine oxide and kairoline oxide 


C»Hr—N=0, 
CiH/^ 


CH|\^ 
C,Hr—N==0, 


H, 


1 


CH, O 


The racemates were resolved by means of d^bromocamphorsulfonic acid 
or i-tartaric acid. After fractional crystallization and separation, each 
salt was converted into the active picrate, which was changed to the cor¬ 
responding active chloride, and finally, into the active amine oxide itself. 

Previous attempts to resolve compounds with two like radicals, Na2bcd, 
have been fruitless.^ Even compounds more closely allied to these amine 
oxides in form, such as iV-methylpicolinium salts, N-methylquinolinium 
salts, could not be resolved by H. O. Jones.* Meisenheimer takes it for 
granted that an explanation of the stereoisomerism is provided when 
he has called attention to the fact that, in the amine oxides, the doubly 
bound oxygen engages the valence which usually holds the acid radical, 
while in the case of the compounds studied by H. O. Jones, only non- 
ionizable valences have been displaced by doubly bound carbon. 

It seems that a more consistent explanation may be offered in terms 
of the electronic view point. If the amine oxides and their hydrates 
have the following formulas; 


R -f— 
R' -f—N 
R"+-- 


--fOH 

-f-OH 


R 

R' -f — N O 


the nitrogen atom in either event does not hold two like groups since the 
properties of positive and negative hydroxyl are as divergent as those of 
positive and negative chlorine. In this respect, the conditions are not 
the same as those in ammonium compoimds of the form, Na2bcd. 

It must be assumed that the linking —NIjitO is similar to the grouping 

in so far as its effect upon the asymmetr}^® of the molecule is 

concerned. The question may be raised, *‘Why should compounds of 
the type RR'R^N~0 show optical activity while compounds of the type 
RR'R*'Ni==C< do not?'* In a previous article^ it was shown that 
systems containing the carbon nitrogen linking, C=N, tend to assume 
a condition in which the carbon atom is as fully oxidized as possible and 

^ Aschan, Z. physik, Chern., 46, 293 (1903); Scholtz, Bcr,, 43, 2121 (1911). 

* H. O. Jones, /. Chem, Soc., 83, 1400 (1903). 

^ The amine oxides dissolved in benzene often show very large rotations. 

•Jones, Am, Cbem, 50, 440 (1913)- 
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the nitrogen atom as fully reduMd, >CljlTN—. Therefore, in the 

cyclic compounds studied by H. O, Jones, we should haw 

H H 
HC«C-«C— 

HC * C—C-f —NTlCH 
H /+ 

+ ! 

R X 


In other words, the nitrogen atom is linked to only four different groups^ 
since the linking =NZjC<, is s5aiohymous with Na2bcd. It does not 
seem improbable, however, that some day conditions may be found to 
stabilize the system =N4l!lC< in certain compounds, which may be ex¬ 
pected to show optical activity. Furthermore, it may be predicted* 
that compounds of the form 



— -f OH 
-f — OH 


and 



— + 
+ — 


O 


will be fotmd to show activity if they are ever prepared. Many other 
possibilities of a similar character suggest themselves. 

^ When the existence of isomers among organic compounds was first recog¬ 
nized, Faraday^ said, *ln reference to the existence of bodies composed 
of the same elements, and in the same proportion, but differing in their 
qualities, it may be observed, that, now we are taught to look for them, 
they will probably mtdtiply on us,’’ In the opinion of the author, we are 
in much the same position at the present time with respect to these new 
isomers which depend upon the distribution of electrons and their ex¬ 
change; and it is not improbable that they will “multiply on us’’ in the 
future. 


CiNCZMKAYX, 0. 


{Communication from the Department op AcRicuuTURAt Chemistry, University 

OF Wisconsin.] 

FORMS OF SULFUR IN PLANT MATERIALS AND THEIR 
VARIATION WITH THE SOIL SUPPLY.* 

By W. H. Peteiieon. 

Received April 13, 1914. 

Sulfur occurs in plant and animal tissues chiefly in the form of proteins, 
volatile compounds, as the mustard oils, and sulfates. In the proteins, 
it is known to exist as the amino acid, cystine, but in spite of much in¬ 
vestigation, no other sulfur bearing compound has been isolated from the 
^ Faraday, PhU, Trans,^ 440, (1825). 

* This paper represents a thesis submitted to the Graduate Faculty of the Uni¬ 
versity of Wisconsin in partial fulfillment for the degree of doctor of philosophy. Pob- 
livshed with the permi,ssion of the Director of the Agricultural Bxperiment Station. 
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products of protein hydrolysis. Much evidence, however, has been 
gathered to indicate the existence of sulfur in other forms than cystine 
in the protein molecule. Johnson,^ reviewing the literature on this sub¬ 
ject, was led to believe that otlier sulfur linkages than that illustrated 
by cystine may occur in these substances. Arguing from a theoretical 
point of view, he pointed out the close analogy existing between oxygen 
and sulfur groupings, and the possibility of sulfur functioning in much 
the same way as oxygen in tying together the protein molecule. He has 
prepared many synthetic compounds showing this similarity, but, as yet, 
has not shown the existence of any new sulfur linkage in the protein 
itself. 

That sulfur does function in other protein linkages than the mcrcapto 
of cystine has been shown by Barger and Ewin,^ who isolated a betaine 
closely related to histidine, in which the sulfur group ( —CSNH) was 
fouind. 

The recent work of Jvevene’ in isolating a sulfatide from the brain, 
though not related to sulfur in the protein molecule, is closely associated 
with the larger subject of sulfur in plant and animal material. 

Compounds Yielding Volatile Sulfur-Glucosides. —Besides sulfur in 
proteins, many plants contain volatile forms of sulfur, as is best illus¬ 
trated by the mustard oil, allyl-t5{7-thiocyanate, the chief volatile com¬ 
pound existing in black mustard. Allyl sulfide, vinyl sulfide, mercap¬ 
tan, and other volatile complex organic sulfides, have been obtained 
from onions and garlic. These volatile bodies are most abundant in the 
Cruciferae, but are contained ahso in many members of the Resedaceae, 
Capparidaceae, Tropaeolaceae, Liliaceae and other families. 

The mustard oils do not occur as such in the plant, but as glucosides, 
the best known of which are sinigrin, found in black mustard, and sinal- 
bin in white mustard. 

That sinigrin contained sulfur was known to Fourcray and Tingry,^ 
Henry and Garot,® Pelouze and Dumas,® Loewig^ and others. Will and 
Kdrner® were the first to determine its composition and described a metliod 
for its preparation. Later, Gadamer® worked out its true composition 
and suggested as its formula 

< SOiK 

. 

C«H,i04 

A sinigrin splitting enzyme, discovered by Ban Bussy,^® which he named 
myrosin, decomposes the glucoside into allyl-i5i?-thiocyanate, glucose 
and acid potassium sulfate, according to the following equation: 
CioHieNSaKOs + H2O - CsHgNCS + C6H12O6 + KHSO4 
A very extensive study of myrosin was made by Grignard^^ with refer¬ 
ence to its distribution, preparation, properties and activity. Sinalbin 
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and other sulfur-containing gjucosidei) dre much nume complex, and less 
is known of them than oi sinigrin. In many cases the quantity of gluco- 
side present is small and its separation from other organic matter is very 
difficult. 

The methods used for the determination of volatile sulfur all begin 
with grinding the material, whereby the enz3rme, coming in contact 
with the glucoside, sets free the volatile mustard oil. This is then dis¬ 
tilled out, with or without the aid of steam, and the sulfur in the distillate 
determined by various methods. The earliest method, that of Dietrich,” 
was to coUect the distillate in a io% ammonia solution, when the allyl- 
tm-thiocyanate combines with the ammonia to form allyl-thiourea, 
C»HtNH.(NH»)CS. On adding silver nitrate to this solution, silver sul¬ 
fide is precipitated; this is then filtered off and the sulfur therein calculated 
to the corresponding allyl-t$o-thiocyanate. 

Firbas” modified this method by using standard silver nitrate and, by 
titrating the excess of silver nitrate, obtained a check on his results. 
Vuillemin^* obtained better results by adding alcohol to the ammonia, while 
Jorgensen” evapcnated the solution of allyl-thiourea to (hyness and then 
weighed and checked his results by determining the content of nitrogen 
in the dried residue. 

An oxidation method was devised by Shiet,” who collected the distillate 
in alkaline permanganate, and, after removing the excess of permanganate 
with alcohol, precipitated the sulfates present with barium chloride. 

Mann” extracted the mustard oil fi-om the distillate by means of rhigol- 
ene, evaporated off the rhigolene in an ingenious apparatus and weighed 
the mustard oil directly. 

The most‘widely used of these methods is that of Dietridi, with its 
several modifications. This is the method that was first emplo3red in 
the experimental part of this paper; it was, however, abandoned, primarily 
because not all the volatile sulfur could be driven out by distillation. 
A bla(k:ening of the distillate appeared on the addition of silver nitrate 
long after a precipitate ceased to come down. The volume of the dis¬ 
tillate made it exceedingly difficult to handle, so the oxidation in a com¬ 
bustion furnace, described later, was finally adopted. 

Sulfates. —^Arendt, Ulricht, E. Schulze, Berthdot and Andre, Fraps,” 
and recently Thompson,” have investigated the amount of sulfates in 
plants and found it to vary within wide limits, according to the amount 
in the soil, the parts of the plant, and the stage of growth. 

Relation of Sulfur to Agriculture.—Tht determination of volatile .sulfur 
has been limited almost entirely to mustard and rape seed. A pretty 
thorc^^ review of the literature shows no data concerning the amount 
of ^Hltile sulfur in the common farm crops such as riitabt^;as, turnips, 
sugar beets, cabbage, onions, etc. The question as to the amount of tiiis 
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volatile sulfur, the amount of sulfur in the form of sulfates, and other 
pc^sible forms of sulfur in the plant, has arisen as a result of the work 
done three years ago at this station on the amount of sulfiur contained 
in farm crops and the supply of sulfur in the soil. In this paper, Hart 
and Peterson*® showed that much larger amounts of sulfur were contained 
in plant material than had hitherto been suspected, and that the supply 
of this element in the soil was lower on the average than that of phos¬ 
phorus, the necessity for conservation and maintenance of which in the 
soil has been generally recognized for many years. 

Shedd,*^ in the analyses of forty Kentucky soils, has shown a loss of sulfur 
in practically every comparison of the cultivated soil with the virgin soil. 
This loss amounted to from 3-42% in the surface soils, and from 5 -56% 
in the subsoils, and occurred in many instances even though the soils 
had been fertilized. 

French investigators** have, for a long time, been experimenting with 
elemental sulfur and carbon disulfide in relation to increased crop produc¬ 
tion. The cause of increased yields has generally been attributed to an 
antiseptic action of the sulfur in the soil, whereby certain organisms un¬ 
favorable to the growth of the plant have been suppressed and the de¬ 
sirable ones permitted to develop. More recently the role of sulfur 
as a fertilizer has been considered by them. 

The utilization, forms, and distribution of sulfm in plants, are ques¬ 
tions which have arisen as a result of the increased importance of sulfur 
in relation to crops and soils, and the adjoined data have been gathered in 
an attempt to get more light on these questions. 

Experimental Part. 

It was planned to dissect the sulfur of the plant into four parts: vola¬ 
tile sulfur, sulfates, total soluble sulfur, and insoluble sulfur. The third 
of these includes the second, and by subtracting the sulfates from the total 
soluble sulfur, we have what is there probably in the form of soluble 
proteins. This, together with the insoluble sulfur, represents probably 
the total sulfur of the proteins. 

Determtnatum of Volatile Sulfur .—^To get at the volatile sulfur in ruta¬ 
bagas, Dietrich's modified method was used at first, but because of the 
difficulties already mentioned, it was abandoned. Collecting the volatile 
sulfur in alkaline permanganate gave lower results than Dietrich's method, 
and the same objection, i. e., a very large volume of distillate to deal with, 
operated here. For example, with 200 g. of green rutabagas, 2000 cc. of 
distillate did not seem to remove all the sulfur, since a blackening of the 
last 200 cc, ensued on the addition of silver nitrate. For this reason it 
was impossible to tell when to stop, and the discordant weights of silver 
sulfide obtained bore out the ocular evidence. 

During these preliminary experiments, it was noticed that total sulfur, 
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determined on the; green rutabagas and on the same sample after drying 
in the steam oven at 95 ”, gave untfmmly lower results, indicating the loss 
of volatile sulfur on drying. This suggested the idea of drymg the ma¬ 
terial in a closed receptacle and determining the sulfur in the evolved 
vapors. After ntunerous attempts, the following method was worked 
out and used subsequently in all analyses. 

Two hundred grams of material were placed in a one-inch tube 25 
inches long, having a right-angle bend at each end with 4 to 5 inches of 
upright—^in other words, a long U tube. This was immersed in a trough 
containing a strong brine of caldiun chloride, and the tube coimected 
to the hard glass tube in a combustion furnace. This combustion tube 
was filled with copper oxide filings. To the combustion tube was con¬ 
nected a wash botde, half filled with glass beads and strong potassium 
hydroxide solution, and immersed in a bath of cold water. The wash 
bottle was connected to the suction pump, so that air could be drawn 
through the whole system. To the other end of the drying tube was at¬ 
tached a wash bottle filled with strong sulfuric add, and, preceding this, 
another wash bottle half filled with glass beads and potassium hydroxide. 
The air entering the apparatus then passed first through the potassium 
hydroxide, whereby any hydrogen sulfide and sulfur dioxide were re¬ 
moved. Then it was dried in the sulfuric add bottle, passed through the 
drying tube, combustion tube, and absorption bottle successively. All 
stoppers used were of cork and, where rubber connections had to be em¬ 
ployed, the ends of the glass tubes were placed in contact with one an¬ 
other so as to expose as little of the rubber tubing as possible to the gases. 
The robber connection between the combustion tube and the abscnption 
bottle was wj-apped with a doth and kept wet during the entire period. 
The whole system was tested for leaks before beginning the drying, by 
dosing the entering tube with a pinchcock and then turning on full suc- 
ti<m. A vacuum was thus created and any leaks disdosed. These were 
sealed with gdatine until no gas bubbles passed through the absorption 
bottle at the end of the apparatus. Heat was then applied to the cal- 
dum chloride bath, air admitted slowly to the apparatus, and the drying 
continued until the material in the drying tube appeared dry. This re¬ 
quired from six to nine hours, and dming this time a constant level of 
water was maintained in the bath and the temperature not allowed to 
rise above 95-100®. 

After drying the material, the apparatus was cooled, disconnected, and 
the copper oxide filings removed from the combustion tube. Almost 
invariably several blue crystals of copper sulfate could be detected among 
the filings. These were ^iled to dteolve out the copper sulfate, filtered 
and the sulfate precipitated with baritun chloride. 

The'solution in the absorption bottle, now much increased by the con- 
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densed water from the green material, was washed out, combined with 
the washings from the copper oxide, concentrated on the water bath, 
filtered, cooled, and carefully neutralized in the cold with hydrochloric 
acid. This neutral solution was then poured slowly into bromine water, 
heated to oxidize any sulfites, and the resulting sulfates precipitated with 
barium chloride. 

In the earlier determinations, the copper oxide washings and the absorp¬ 
tion solution were combined and the sulfates determined in this solution, 
but in the later determinations the two were kept separate and the barium 
sulfate precipitated in each. It was found that most of the sulfur was 
fixed by the copper oxide and only where the total barium sulfate amounted 
to more than 50 mg. was there any sulfur in the absorption bottle. 

Determination of Sulfates. —To determine the sulfates in the plant tis¬ 
sues, the dried material was removed from the drying tube and extracted 
with successive portions of water on a steam bath for 6-8 hours and the 
extract filtered into a volumetric flask. With 200 g. of green material, 
the extraction was continued until 2000 cc. had been obtained. An ali¬ 
quot of this was then slightly acidified with hydrochloric acid and allowed 
to stand on the water bath for 24 hours to premit the precipitation of pro¬ 
teins and other organic materials. These were filtered off and a clear, 
brownish colored solution was obtained. This was heated to boiling, a 
slight excess of barium chloride added, and the beaker allowed to stand 
on the water bath over night. The precipitate thus obtained was generally 
.somewhat discolored, but on ignition usually became while or grayish 
white. If it seemed to be contaminated, it was fused with sodium car¬ 
bonate and reprecipitated. 

Determination of Total Soluble Sulfur; Sulfates and Soluble Protetu 
Sulfur. —^Another aliquot, 250 or 500 cc., was placed in a volumetric 
flask, attached to a reflux condenser after adding bromine water and nitric 
acid, and kept warm for 10-12 hours. It was then boiled to remove the 
excess of bromine water and evaporated to diymess on a water bath. If 
very black, it was again taken up with water, more nitric acid added, 
and again evaporated. The residue, now slightly yellow to brown in color 
was dissolved in water, transferred to a nickel crucible, and evaporated; 
sodium peroxide was added, and the material fused over an alcohol burner. 
It was found quite impossible to get oxidation with nitric acid and bromine 
alone. Other wet oxidizing agents, such as strong hydrochloric acid and 
potassium chlorate or as alkaline permanganate, were tried without suc¬ 
cess. After three days* treatment with hydrochloric a<‘id and small 
portions of potassium chlorate in a hot water bath, the solution still 
turned dark on standing, showing incomplete oxidation. 

The Wolf-Osterberg** method for determining sulfur in organic material 
was tried many times and gave uniformly lower results than were obtained 
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with the peroxide treatment. Poor dnpHcates were also obtained by this 
method. 

The determination of this soluble onoxidized sulfur gave a good deal 
of trouble> as here most of the sulfur was lost in the prelimiimty e 3 q)eri- 
ments. Only from 60-80% of the total sulfur could be accounted for> and 
it was only after the method described above was employed that the sum 
of the parts approached the total. While the procedure outlined is some* 
what long and cumbersome> it is the only one that gave satisfactory results. 

Insoluble Sulfur .—^The extracted residue contained some insoluble or¬ 
ganic sulfur, which was always determined by the sodium peroxide method. 
If to this is added the soluble unoxidized sulfur, i. e., the total soluble sul¬ 
fur minus the sulfate sulfur, we have what is probably the sulfur of the 
protein. In Table II, giving the distribution of sulfitr, this value is en¬ 
tered in the last column. 

The methods, as outlined above, were used in the analysis of different 
plant materials and the data thus obtained follow : 


Tablc I.—^Various Forms or Sulfur in PLANt Material; Calculated as Per 
Cent. Sulfur on Moisture-Free Basis. 
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(a) No fertilizer added to soil in greenhouse. 

(b) Nitrogen, phosphorus and potassium added to soil in greenhouse. 

(c) Nitrogen, phosphorus and potassium and sodium sulfate added to soil in 
greenhouse. 

(d) Potassium, nitrogen, phosphorus and calcium sulfate added to soil in green¬ 
house. 

(e) Sample taken from field. 

Table II.—Distribution of the Several Forms op Sulfur in Percentages of 

THE Total Sulfur Found. 


Material. 

Soluble 

sulfate. 

A. 

Volatile 
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(C-A)+D. 
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. . 37 

12 

73 

11 

96 

19 

47 

Cabbage. 

24 

9 

74 

15 

98 


65 

Sugar beets. 

• • 34 

. . 

62 

38 

100 

11 

66 

Sugar beet tops, green.. 

12 

1 

55 

38 

94 



Alfalfa hay. 

50 


70 

30 
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4 

50 

Alfalfa, green. 

I 

2 

52 

43 
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Rape, dried (a) . 
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58 

18 
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64 
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61 

44 
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Rape, dried (c) . ... 

.. 64 


85 

8 

93 


29 

Rape, dried (d) . 

.. 38 


70 

10 

80 

.. 

42 

Radishes, green (6) . 

00 

6 

52 

40 

98 

20 

92 

Radishes, green (J). 

.. 51 

5 

80 

x8 

X03 

9 

47 

Clover, green (b) . 

00 

4 

21 

82 

107 


X03 

Clover, green ( d ) . 

.. 30 

6 

70 

27 

X03 

9 

67 


Wheat (grain). Trace 

Oat (grain). Trace 


(a) No fertilizer added to soil. 

(b) Potassium, nitrogen and phosphorus added to soil. 

(c) Potassium, nitrogen and phosphorus and sodium sulfate added to soil. 

(d) Potassium, nitrogen, phosphorus and calcium sulfate added to soil. 

In Table II we have the different amounts of sulfur found, calculated to 
show the distribution of this sulfur, i. e,, what part of the total sulfur 
exists in these various forms. A study of this table shows that in the 
case of rutabagas, ahiMt 11% of the sulfur exists in the form of volatile 
sulfur, 37% as sulfates, and about 48% as unoxidized sulfur. In the 
case of sugar beets no volatile sulfur was determined, as none was believed 
to exist there. The correctness of this assumption may be questioned, 
however, in view of what was found later in the case of clover, grass and 
sugar beet tops. Alfalfa hay contains one-half its sulfur in the form of 
sulfates, about one-fifth soluble tmoxidized sulfur, and the remainder, 
three-tenths, as insoluble uiioxidixed sulfur. 

The four samples of dried rape were grown in the greenhouse by other 
members of the department, and form part of a great many experiments 
to observe the influence of sulfur fertilization on various crops. Rape 















sample (a) was the yield from a bok ^tWhtuA sc^; sample (b) this same 
soil fertilized with potassium, nitrogen ^|1 phosj^orus; samples (c) and 
(d) the complete fertilizer reid|pfrced wi^ sodium sulfate and celdum 
sulfate, respectivdy. 

It is wticeable that where the rape, radishes and clover had only Ike residual 
sulfur in the soil to draw upon, but had an abundant supply of nitrogen, 
phosphorus and potassium and made vigorous growth, there were no sulfates 
in ihe tissues. Evidently the plants were utilizing all the available sulfur 
to form volatile sulfur comjxmnds and build sulfur-containing tissue, 
and had none left as sulfates. Where sulfates were added to the soil, 
large quantities, 40-60%, were circulating in the'plants as sulfates, and 
an abundant supply existed for building tissue and forming the volatile 
compotmds of the plant. 

It is important to notice (Table I) that where no sulfates had been 
added to the soil, the actual quantity of volatile sulfm found was only' 
about one-fourth as much as where sulfates had been added. In the 
case of radishes (b) the volatile sulfur amounted to o 010% and with sul¬ 
fates added to the soil this rose to o. 038%. The figures for clover, under 
the same treatment, were 0.004% 0 014%, respectively. The ques¬ 

tion saiay be properly asked as to whether this constituent of the plant is 
raised or lowered by a larger or smaller supply of sulfates in the soil. This 
increase of volatile sulfur on addition of sulfates does not appear in Table 
II, because here the very large amount of sulfates makes the percentage 
of volatile sulfur about the same in both cases. For a correct view of the 
matter. Table I must be examined. 

An entirely unexpected discovery of volatile sulfur was made in the 
case of clover.. So far as we are aware, no mention of a volatile sulfur 
compound in clover has been made in the literature. This seemed such 
a surprising result that to verify it determinations were made upon two 
samples of red dover from the fidd and upon grass (Kentucky blue grass). 
Several months later green alfalfa, sugar beet tops, cabbage and milk, 
were also examined for volatile sulfur. In every case volatile sulfur was 
found. Every precaution was taken to prevent f!ie acddental entrance 
of any volatile sulfur into the drying apparatus. Potassium dichromate 
was added to the concentrated sulfuric add to oxidize any sulfur com¬ 
pounds existing in the air that might pass through the first potassium 
hydroxide bottie. Another bottle of strong potassium hydroxide was 
placed between the sulfuric add bottle and the drying tube to preclude 
the possibility of any volatile sulfur, given off by the add, from passing 
into the drying tube. After all these precautions, volatile sulfur was 
found in these later determinations. As a further test for the correct¬ 
ness df results, the apparatus with about 25 cc, til distilled water 
in the ilf^g tube was run fen* eleven hours and no dgU of sulfotes was 



1299 


FORMS OF SUtFVlt tl^iPLANT MATERIALS, BTC. 

found. Two sources of this vomfilfe sulfur seem possible: the existence 
in the material of some compouim similar to the mustard oils or the split<- 
titig off from the proteins of volatile sulfiir, as hydrogen sulfide. It would 
seem rather improbable that by drying\>elow loo® proteins would give 
off a volatile sulfide yet that seems to be the most probable explanation, 
in view of the results secured by Rettger** and other investigators, who 
showed that, when milk was heated to 85 lead acetate paper was black- 
^ened when held in the vapors. Prom experiments made in this labora¬ 
tory it was found that the amount of this volatile sulfur is considerable, 
50 mg. barium sulfate being obtained on drying 300 cc. of fresh milk. 
Casein precipitated with acetic acid and washed free from acid, on drying 
in the tube gave about 20 mg. of barium sulfate from 250 g. of casein. 

Stunmary. 

1. A widespread interest in the question of sulfur from both a theo¬ 
retical and agricultural point of view is evident. Numerous investiga¬ 
tions show many new compounds, either synthetic or natural, that con¬ 
tain sulfur. The use of sulfur or its salts as a fertilizer, and the require¬ 
ments of the plant and the soil supply of this element, are subjects of 
interest and investigation. 

2. The determination of the volatile sulfur, sulfates, soluble unoxidized 
sulfur, and insoluble unoxidized sulfur in seventeen samples comprising 
seven kinds of plant material is given. 

3. A new method for determining volatile sulfur in plants is described. 
The material is dried in a tube with sulfur-free air, and the gases passed 
over heated copper oxide and oxidized. With small quantities the sul¬ 
fur is all fixed as copper sulfate. 

4. The volatile sulfur in field samples of rutabagas and cabbage aver¬ 
ages about 10% of the total sulfur. In radishes and clover grown 
in the greenhouse, the amount present is dependent on a liberal supply 
of sulfates, being four times as great with added sulfates as without them. 

5. Volatile sulfur is lost on drying green material in the steam oven. 
In field samples of rutabagas this amotmted to 20% of the total. On 
-greenhouse samples thiS amounts to from 10-20%. 

6. Volatile sulfur was obtained from red clover, alfalfa, June grass and 
isugar beet tops not known to contain any bodies yielding such compounds. 
The volatile sulfur in milk was also determined. The nature of this com¬ 
pound is not known. In rutabagas it is evidently of a sulfide form, as 
•silver sulfide is obtained when silver nitrate is added to the distillate 
from rutabagas. 

7. The sulfates in the field samples examined varied from 10 to 50% 
Where large quantities of sulfates were added to the soil, there was a cor¬ 
responding increase of sulfates in the plant tissue. Rape, radishes and 
<Jovfr grown in the greenhouse on soils low in sulfur, but supplied with 



13 QO 


w. ^ liip: 


an abundance of mtrogen, phospbm^Md potassium ccrntmiiad no ml- 
fates. 

8. Where no sulfates were ad{|ed to the ^il, 90% or more of the total 
sulfur was found in the form m unosadized sulfur^ probably in proteins. 
In the normally grown plants examined this was from 50-6^% of the 
total. The plant was evidently very economical of its supply and made 
healthy^ vigorous growth where no sulfates could be found in the tissue.^ 
To Prof. E. B. Hart» at whose suggestion this wmk was undertaken^ 
the author wishes to express thanks for his interest and encouragement. 
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A METHOD FOR THE DETERMINATION OF FAT IN MILK 
(NEPHELOMETRIC METHOD). 

By W. R Blope. 

ReeelTcd April 16,19l4. 

The methods for the determination of fat in milk, in common use at the 
present time, xnay be roughly classified as follows: 

(i) Rapid methods, like the Babcock and Gerber methods, whidx de*^ 
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pend on the separation of the fat by centrifugation after treatment of 
the milk with reagents which alter the p^tein constituents. The separa¬ 
ted fat is collected into a narrow portion of the vessel and the amount 
of fat determined by the length of the fat column. 

(2) Methods like the Rose-GottUeb-Farnsteiner and Meigs methods 
which depend on the direct extraction of the fat from the milk with fat 
solvents and determination by weighing the extracted material. 

(3) Methods like the Adams* which depend on the extraction and weigh¬ 
ing of fat from the milk after drying on fat-free filter paper ojr sand. 

The method to be described is based on a new principle—the determina¬ 
tion of the fat by comparison of the light reflecting power of a watery sus¬ 
pension of the milk fat with that of a similar suspension of a standard fat 
(triolein), making use of the nephelometer. The watery suspension is 
obtained by flocking a colloidal solution of the fat with an electrolyte 
(hydrochloric acid has been found most suitable). The colloidal solu¬ 
tion is produced by mixing an alcoholic solution of the fat with distilled 
water. The same principle has been made the basis of a method for the 
determination of fat in blood. ^ 

The nephelometric method possesses the advantage that it requires 
•only a very small amount of milk—ordinarily i cc.—and should therefore 
be of special value in working with human milk or with that of small ani¬ 
mals where it is inconvenient or impossible to obtain enough for the ordi¬ 
nary determinations. The time required is not greater than that needed 
for the **rapid** methods, while the accuracy is limited only by the ac¬ 
curacy of the instruments. The nephelometer is simple both in prin- 
•ciple and construction and, while but little known at present, promises 
to come into general use, since it appears to be applicable to most quan¬ 
titative uses, especially in the accurate determination of small amounts 
•of material. 

The procedure is as follows: One cubic centimeter of the milk, meas¬ 
ured with an accurate pipette, is run slowly and with stirring into about 
Bo cc. of an alcohol-eth^r mixture (containing 3 parts of redistilled alcohol 
and I part of redistilled ether), in a 100 cc. graduated flask. (The meas¬ 
urement may be checked by determining the weight of the added milk.) 
The mixture is raised to boiling by immersion in a boiling water bath, 
cooled to room temperature, made up to 100 cc. with the alcohol-ether, 
shaken and filtered. The filtrate is clear and almost colorless. 

For the determination, 5 cc. of the solution are nm from a pipette, slowly 
with stirring, into 100 cc. of distilled water in a beaker, producing a slightly 
opalescent colloidal solution. The point of the pipette must be kept be¬ 
low the surface of the liquid during the outflow. A similar solution is 
prepared with 5 cc. of the standard fat solution (see below). To the 
i Bloor, /. Biol. Chom., 17, 377 (1914)* 
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standard and to the test solutions are added, simultaneously, to cc. por^ 
tions of dilute (to%) hydrochl^c adid and, after stirring, the solutions 
allowed to stand for five minutes, after which they are transferred to the 
comparison tubes of the nephelometer. 

For the comparison, the two tubes, filled to the same height with the 
solutions, are placed in the nephelometer with the standard tube always 
on the same side. If bubbles appear in the walls of tte tubes they are re- 
moved by inverting two or three times. The movable jacket on the 
standard side is set at a convenient point, generally 50 mm. (Richards** 
nephelometer), and comparisons made by adjusting the jacket on the test 
solution until the images of the two tubes show equal illumination. At 
least five readings are taken, alternately from above and below, and the 
average taken as the reading. This reading is corrected from the calibra¬ 
tion curve of the instrument and the fat value of the milk calculated from 
the corrected reading. 

The standard solution used is an alcohol-ether solution of pure triolein, 
made with freshly distilled absolute alcohol and pure dry ether, of which 
5 cc. contains about 2 mg. of fat. 

Remarks on the Procedure, —^The application of the nephelometric prin¬ 
ciple and the use of the Richards’ nephelometer in the determination of 
fats have been discussed in a previous paper^ and only the points essential 
to the use with milk will be mentioned here. 

The Extraction. —^The solvent combines the penetrating power of alco¬ 
hol with the greater solvent power of ether. Running the milk slowly 
into the solvent which is kept in motion, causes the precipitation of the 
proteins in a finely divided flocculent form—^in excellent condition for 
extraction. Under these conditions the presence of the great excess of 
solvent and the short heating is adequate for complete extraction. 

The Standard. —^The choice of triolein is empirical, triolein being readily 
obtainable of a good degree of purity. 

Choice of Time for Comparison. —^Both the triolein and the milk fat 
solutions change (decrease) slowly in value after Jhe addition of the pre¬ 
cipitant. The rate of change is, however, practically the same in both 
for a period of an hour or more, so that if the precipitating acid is added 
to both simultaneously, the readings may be made at once. Ordinarily, 
however, about -five minutes is given to allow for slight differences in the 
time of addition of the acid. 

The Nephelometer — Calibration. —form* of the Richards’ nephelom¬ 
eter’ was used. It was found that the addition of a rack and pinion to 
the jacket on the comparison side was a great convenience. Matched 

^ Bloor, Lac. cit 

* Made by the Internatiotial Instrument Company, of Cambridge Mass. 

• T. W. Richards, Z anorg. Chem.. 269 (1895); Richards and Wells, Am. Chem 

J > 235 (1904).- 
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test tubes are used for comparison tubes and as it was not possible to 
find two tubes which, when filled with the same solution, would give the 
same readings on both sides of the insthiment, the tubes were marked 
and always used on the same side, the one used for the standard solution 
being on the left. The average of many readings of the right hand tube 
was then taken as the potential height of the standard. 

Lacking a nephelometer, many colorimeters may be adapted for the 
purpose, as has been shown by Kober^ with the Duboscq colorimeter, 
and the author with the Schreiner^ instrument. 

Since the amount of light reflected is not exactly proportional to the 
depth and fat value of the solutions (because of different distances of the 
reflecting surfaces from the eye, absorption of light by the upper layers 
of liquid, different rates of flocking in solutions of different concentra¬ 
tion, etc.), it is necessary to calibrate the nephelometer for different 
strengths of test solution, and for different standards, if more than one is 
used. The values obtained are plotted on a curve and corrections in the 
readings made from it. 

Again, since the total light reflected from a given depth of solution de¬ 
pends as well on the size of the suspended particles as on their number, 
it is obvious that success with a nephelometric method depends on keep¬ 
ing as constant as possible those physical and chemical conditions which 
influence the aggregation of the particles. The concentration of alcohol- 
ether and acid, the rate of addition of the alcoholic fat solution, etc., 
should be the same; also the solutions to be compared should not be too 
far different in value, since strong colloidal solutions flock more quickly 
than weak ones. (Readings above 70 mm. and below 30 mm. with the 
standard at 50 mm. are rejected.) 

The calibration of the nephelometer for a given standard is carried out 
as follows: Suspensions of triolein of various known values are prepared 
as in the method, and compared with the similarly prepared standard 
triolein suspension in the nephelometer, with the movable jacket on tlie 
standard set as its usual place. The readings obtained are compared with 
the theoretical readings for the different values and tlie correction for 
each strength of solution determined. From these values a curve is plotted, 
from which intermediate values are obtained. In general, it is found that 
suspensions stronger than the standard give readings higher (t. c., lower 
fat values) than the theoretical, and solutions weaker than the standard 
give lower readings, indicating that probably the greater speed of flocking 
in the stronger solutions is tlie main factor in the abnormal readings. 

Correction for Reagents .—When freshly distilled alcohol and ether are 
used it is not ordinarily necessary to make any correction for reagents. 

> Kober, J. Biol. Ckem., 13, 485 (1913)- 
* Bloor, Proc. Am. Chem. Soc., Rochester, 1913. 
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Results .—Duplicate determiuaticms made on the same milk agree with 
one another within the limits of error of the instrument (about $%). 

In the table below comparison is made of values obtained by the nephelo< 
metric method^ the Babcock method and also in some cases, the Adams* 
method. In using the Babcock method, a calibrated pipette and spe¬ 
cially prepared bottles were used. The cows’ milk was mixed dairy milk 
collected from various sources. The human milk was from patients 
in the obstetric division of the Washington University Hospital, fm: 
which I am indebted to the kindness of Professor Henry Schwarz and Doc¬ 
tor Q. U. Newell. The samples were from cases in various early stages 
of lactation and were selected so as to obtain as wide range of fat values 
as possible. 

Table I. —Comparison of Results Obtained by the Nephelometric and other 


Methods for fat in Milk. 


Milk sample. 

Babcock. 

Nephelometric, 

Adams 

(Soxhlet). 

R. Kingston, Can. 

2.9 

2.85 

. . 

B. Kingston, Can. 

. . . 31 

3 o(} 


Hospital supply I., St. Louis, Mo. 

••• 3.5 

3.6 


U. D. I., St. Louis, Mo. 

. . . 30 

3.1 

3 01 

Hospital supply II, St. Louis, Mo. 

... 30 

3.1 


M. Kirkwood, Mo. 

... 3.6 

3-8 

3*80 

J. A., St. Louis, Mo... 

Human milk. 

• • 3.5 

36 

3.77 

I, L. 22 days post partum. 

4*7 

4.8 

4.70 

II. V. 10 days pp. (child still-bom). 

... 8.2 

8.1 


III. W. II days pp. 

3.9 

3.83 

.. 

IV. G. 4 days pp. 

• 3.75 

3-8 


V. N. 3 days pp. (colostrum). 

... 3.3 

3.4 


VI. M. 16 days pp. 

. . . 2.0 

2.2 

2.15 

VII. B. 8 days pp. (brea.st caked a little)_ 

... 5.6 

5 60 

5.71 


The preliminary work on this method was done in the Gordon Hall 
I/aboratories of Chemistry of Queens’ University and in the Kingston 
Dairy School at Kingston, Canada, and I wish in conclusion to express my 
appreciation of the kindness of Professor W. L. Goodwin, of the Uni¬ 
versity, and of Mr. Zufeldt, Director of the Dairy School, in placing at 
my disposal the facilities of these institutions. 

(Contribution from the Harjeuman Research Laboratory, Roosevelt Hospital, 

New York.] 
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C. Interfering Substances; D. Technic; E. Applications to Physiological Material. 
III. Summary. 

I . Introduction. ^ 

The study of nucleases has been hindered by the lack of suitable technic. 
Walter Jones^ writes: ‘*It*s somewhat difl 5 cult to decide whether or not a 
ferment has brought about the decomposition of a nucleic acid, unless 
the decomposition is complete. The methods for the recovery of the 
undecomposed nucleic acids are so poor that one cannot always decide 
whether a partial disappearance of the substance is due to ferment action, 
or to analytical error.” 

It is the object of this paper to describe a new method for estimating 
undigested nucleic acids. Essentially, the method consists in adding a 
precipitant to a dilute solution of the nucleic acids and estimating the 
resulting suspensoids, nephelometrically. The results with yeast nucleic 
acid alone are given in this paper. 

II. Method. 

A, Precipitant jar Nucleic Acids. —As strong hydrochloric acid in 
aqueous and alcoholic solutions has heretofore been used in the prepara¬ 
tion of nucleic acids, attempts were made to use it as a nephelometric 
precipitant.* As the suspensoid gelatinized appreciably, it did not seem 
stable enough for quantitative work. Next, experiments were made, 
using dilute solutions of certain proteins, i. e.y casein and edestin* as 
precipitants. 

Nucleic adds, as is known, combine in slightly acid solutions with 
proteins to form artificial ” nucleins.”^ This reaction, preliminary 
qualitative experiments showed, was given by one part of yeast nucleic 
acid in a million parts of water. After considerable work, these two 
proteins were abandoned because uniform results were not obtained. 
The probable reason is that for the quantitative formation of these 
”nucleins” a certain concentration of hydrogen ions is necessary, which 
is too near the precipitation point of the proteins to be nephelometricalfy 
applicable. Therefore, a protein soluble at that hydrogen ion concentra¬ 
tion was next sought. Egg white, which .seemed to have this property, 
was tried and found satisfactory. 

B. Experimental Work, (i) Preparation of Egg Albumin. —As com¬ 
mercial dried egg albumin was not completely soluble in water, albumin 
from eggs—^in most cases not over 48 hours' old—was used. The egg 
white showed a slight turbidity after diluting to a 1% solution, but, 

* J. Biol. Chem., 9, 130 (1911); also Eevene and Medigreceanu, Ibid.^ page 65. 

* For the definition of “Nephelometric Precipitant" see This Journal, 35, 1585 

(,1913)- 

* Reported at the Rochester meeting of the Am. Chem. Soc., September (1913). 

^ R. Altmann, Archiv. Physiol., 18891 524; T. Milroy, Z. physiol. Chem., aa, 307 
(1896-97). 
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Upon shaking with o.i N acetic add, a predpitate, probably a globulin, 
was thrown down and after filtration a dear solution was obtained. The 
amount of o.i N acetic add necessary for the complete removal of this 
interfering predpitate was determined by the following experiment: 
15 g. of egg white were shaken with 5, 7, 9, and 11 cc., respectively, of 
0.1 N acetic add; water was added to make 1% solutions which were 
then filtered, and the turbidity determined by comparing in the nephelom- 
eter with distilled water set at 15 mm. The following results were ob¬ 


tained: 

Nephelom. StAndard. 

0.1 jV acid added. reading. Distilled water. 

Cc. Mm. Mm. 

5. Heavy cloud 15 o 

7 . 9.5 150 

9 . 8.5 ISO 

II. 9 7 15.0 


The variation of the readings being inappreciable, 7 cc. of acid were 
used—corresponding to 0.5 cc. oi o.i N acetic acid per g, of egg white. 

A dear 1% albumin solution was diluted and a 0.1% solution was 
found to give a suitable nephelometric curve with varying amounts of 
uudeic adds, but the reaction with some albumins took place slowly. 
To hasten the reaction and to Insure an excess of precipitant a 0.2% 
solution was finally adopted. 

It became evident, after obtaining several curves, that the alkalinity 
of the egg albumin varied considerably, and that additional acid was 
necessary to obtain a favorable hydrogen ion concentration. There 
being no rapid and accurate method for determining the alkalinity, vary¬ 
ing amounts^ of adds were added and constants of the resulting curves de¬ 
termined by the means of the nephelometric formula, Y = S/X — 
(i—X)Sk/X*. For this purpose two points were found, usually the 
ratios of i.o and 0.70. To 250 cc. of 0.2% egg albumin were added 2, 
2.5 and 3 cc., respectively, oi 0,1 N acetic acid. Th^ constants obtained 
with these amounts of adds for single eggs and for mixtures are given in 
the following tables: 

2 cc. 0.1 N acid. 2.5 cc. 0.1 N acid. 3 cc. 0.1 N acid. 


Single eggs. k . k . A. 

I. 0.23 0.24 0.25 

II. 0.13 0.16 0.13 

III . 0.33 0.36 —0.03 

IV . 0.28 0.12 0.17 

V. 0.30 O.X7 0.23 

VI. 0.40 0.16 —0.04 

Mixtures. 

I . 0.38 0.18 —0.04 

II . 0.37 0.22 0.12 

III. 0.40 0.23 o.i8 

■ .•|V. 0.31 0.30 0.2s 
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(2) The Use of Egg Albumin .—^The egg albumin solutions, although 
clear, have a tendency to form shreds on the surface of the liquid. These 
shreds increase considerably upon shaking. Therefore, like all solutions 
of colloids, these solutions must be used with caution. 

The formation of ‘‘nuclein’’ precipitates is strongly affected by hydrogen 
ions. This can be seen with a 0.2% egg albumin, which, without acetic 
acid, gives very little “nucleins,” but on the addition of only i cc. of 
o.i N acetic acid to 50 cc. of albumin, the precipitation is complete. 

The following results are typical of the readings and the curves ob¬ 
tained with albumins with varying constants: 


Ratio of sol. 1.0 0.9 0.8 0 7 0.6 0.5 

Curves. Constant. mm. min. mm. mm. mm. mm. 

1. 0.34 . I<.4 X2‘0 12.8 14.0 15.5 17-6 

II. 0.24 If.2 12.2 13.5 149 •• 20.3 

III. —0.03 9.1 lo.i II .5 • 15*8 20.0 


For the sake of comparison, Curves II and III were transposed to the 
same standard as I. 

From Curve III it can be seen that the readings are higher than the 
hypothetical and therefore the conclusion can be drawn that, at least 
Peodin^S^Y 
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in the mtne dilute solutions, the precipitation is not cconplete. Prom the 
curves it can also be seen that the greater the constant the greater the 
percentage error in determining the ratio of solutioas, but it seems un- 


Y 



hkely that a large constant (greater than 0.30) can be a normal nepbelo* 
metric phenomenon. 

To Aow the sensitiveness of the reagent, the following experiments 
were made: 

Solution I .—I cc. 0.1% nucleic acid was diluted to a liter, making i 
part in 1,000,000. 

Solution II .—5 cc. 0.1% nucleic acid was diluted to a liter, making i 
part in 2,000,000. 

Compared to distilled water in the nephelometer, the readings were as 
follows: Stmdard. Uoknowa. 



Reading. 


Reading. 

Soltttion. 

Mm. 

Solution. 

•Mm. 

H,0. 


H«0 

20.0 

HtO. 

. 20.0 

I 

7.0 

HjO . 

. 20.0 

II 

XI .0 

. 


Regent 

13.0 
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C. Interfering Substances, —The formation of ‘‘nucleins’' being easily 
affected by hydrogen ions, ought to be influenced by almost any sub¬ 
stance, since most substances change the hydrogen ion concentration 
of a solution. However, when diluted as is necessary for nephelometric 
work, an equal weight of substance ought to have no appreciable effect. 
This was actually found to be the case. 

One part by weight of the substances given below was dissolved with 
one part of nucleic acid and the latter estimated nephelometrically. 
Within experimental error, the controls gave the same readings as these 
mixtures: 

Inorganic: NaCl. NaNO,, NaaSOA, (NH4)2SC34. NH4CI, BaCU. BaCNOs)*, NaH2P04. 
CaCU, NaC2H302, KCjIbO,, Ca(N03)2 

Organic: Glycerophosphoric acid. Alanine, Tyrosine, Histidine, Asparagine, Phenyl 
alanine, Urea, Peptone. Kreptonc, Dextrose, Levulose, Urine (assumed 5% solids), 
Stomach contents (assumed 5^^ solids), Extract of pancreas (dried) 

D. Technic. —^The albumin was obtained from egg white calculating 
it as 10% by weight. A 1% solution of egg albumin was made by roughly 
weighing the whites of from 4 to 6 strictly fresh eggs, shaking well with 
o.i N acetic acid (0.5 cc. per gram of egg white) diluting with 10 volumes 
of water (allowance being made for the original acid) and filtering twice. 
50 cc. of the clear 1% solution were put into a flask, acetic acid added 
(usually 3 cc.) and made up to 250 cc. with distilled water. This 0.2% 
solution was used as a precipitant. 

The nucleic acid solution was made by dissolving o.i g. of nucleic add 
in 100 cc. of distilled water. This o.i% stock solution was further diluted 
before using. 

One volume (10 cc.) of nucleic acid (not stronger than 0.01%) was 
precipitated by running in from a pipet^ two volumes (20 cc.) of 0.2% 
albumin solution. After .shaking gently in a rotaiy^ fashion, the solution 
was ready for reading,^. In most cases 0.007% nucleic acid was used as a 
standard. 

E. Application to Physiological Material. —^To show that this method is 
applicable in physiological work, normal specimens of urine, stomach 

1 It is well to dip the point of the pipet below the liquid to avoid the entrance of 
air bubbled which sometimes cause agglutinations. 

* The nephelometric tubes and plungers must be kept dean. In the 
nephelometers heretofore described the plungers and the receptades for the 
nephelometric tubes were painted with asphaltum paint. As this paint is somewhat 
affected by alkaline and other solutions, it became necessary to avoid the use of 
paint on surfaces which came in contact with the solvents. By making the plungers 
of hollow glass and painting the interior sides and by making the receptades of glass 
and painting them on the outside, this difficulty has been overcome. These new 
plungers also seem better adapted for the albumin solutions, as th^re is less tendency 
for the fibers and air bubbles to stick upon the plungers. 
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coateots and pancreatin \rere added to nudeic add solutions and predp- 
itates formed in the usual way. The fdUowing figures were obtained: 

lutio 

oftol. l.O 0.9 0.8 0.7 0.6 0.5 

Mixtures. k. mm. mm. mm. mm. mm. mm. 

1 Urine and nudeic acid. 0,23 ... 1X.7 12.6 Z3.7 16.7 X 9*4 

II Pancreatin and nudeic acid.o.ji ... 11.2 12.1 i$,$ 15.2 17.z X9<3 

III Stomach contents and nudeic add— 0.19 ... 12.0 12.9 14.2 15.7 18.5 2z.o 

These figures are the average of 5 or 6 readings. In addition to 0.05 
g. of nuddc add, solution f contained 2 cc. of urine; solution II 0.02 g. 
of pancreatin, and solution III 2 cc. of filtered stomach contents. As 
may be seen, the curves with the mixtures run practically the same as 
nuddc add alone. 

To determine the presence of nudeases and their relative activity, 
solutions of nuddc add were incubated with pancreatin, and the diges¬ 
tion determined by comparing at intervals with known amounts of nuddc 
adds and predpitating in both cases with 0.2% solution of egg albumin. 

Solution I. —Contained 0.05 g. of nucleic add, 2.5 cc. of 2% pancreatin solution 
(Mercks) 2.5 cc. of 2% tricresol, made up to 50 cc. with distilled water. Solution II 
was made in the same manner, except that it contained 5 cc. of 2% pancreatin solution 
(Eimer & Amend). 

Noclkic Aero Digbstsd. 


. 0 time. 1 hr. 2 hrt. 3 hrt. 4 hrs. 5 hrt. 

Pancreatin. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 

I Merck. o.o 38.0 65.0 75.3 76.8 78.3 

II Eimer & Amend. 0.0 21.5 28.5 33.0 (33 0) 415 


HI. Suznmary. 

The nephelometer can be used for the study of digestion of yeast nucleic 
acid, when a 0.2% solution acid egg albumin is used as a precipitant. 
This reagent is not appreciably affected in dilute solutions by most sub¬ 
stances met with in physiological work, and will easily detect one part 
yeast nucleic acid in 1,000,000 parts of water. 

Nbw Yokb, n. y. • 


A PROPOSED MODIFICATION OF THE KOBER METHOD FOR 
QUANTITATIVE AMMONIA DISTILLATION BY AERATION. 

By F. h. DXU.INOBAI1. 

Received March 2S, 1914. * 

The method outlined by P. A. Kober and S. S. Graves under the title, 
“Quantitative Ammonia Distillation by Aeration” in This Jousnal* 
seemed of such great value that it was given a series of trials by the writer. 

For this purpose ammonium sulfate, 99.80% (NH4)tS04, was used. 
The details of the method employed are as follows: A weighed quan¬ 
tity of ammonium sulfate was placed'in a Kjeldahl fiiask of 800 cc. capacity 
‘ This JotonaL, 35,1594 (19x3). 
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and 20 cc. of concentrated sulfuric acid (1.84 sp. gr.) were added, followed 
by an addition of 80 cc. of distilled water. The mixture was cooled and 
the flask connected with an absorption bottle containing a slight excess 
of standard sulfyric acid. A suction pump was attached and air drawn 
through at a slow rate while 60-90 cc. of a saturated solution of sodium 
hydroxide were drawn into the Kjeldahl flask, which was given a rotary 
motion in order to cause thorough mixing of the solutions. In nearly 
every case the heat of neutralization was utilized. Air was then drawn 
' through at a rapid rate. 

The rate of aeration was determined by means of the apparatus sug¬ 
gested in the above mentioned paper (p. 1597). The most powerful 
pump at my disposal allowed a rate of only 360 liters of air per hour, 
which is a slower rate than that of pump A used by Kober and Graves; 
however, the authors state, on page 1598: “400 to 600 liters of air seems 
to be sufficient for the average amount of ammonia obtained in Kjeldahl 
work. If a weaker pump is used, or if larger quantities of ammonia are 
to be distilled, more aeration must be used.” Consequently more aera¬ 
tion was employed in my experiments by carrying on the aeration for 
various lengths of time, ranging from one and one-half to five hours. 

Ammonium Suufate Dbtisrminkd by Aeration Alone. 


Axnt. of 

(NH 4 )sS 04 taken. 

G. 

(NH 4 )S 04 equivalent to ammonia 
recovered by aeration alone. 

G. Per cent. 

Time of 
aeration. 
Hours. 

0,2508 

0.2286 


91.16 

X .5 

0.2558 

0.2154 


84 21 

X -5 

0.2485 

0.2088 

SS 

84.03 

3 

0.2505 

0.2180 


97.02 

4 

0.2503 

0.2247 


89-77 

5 

0.2078 

0.1790 

3S 

86.14 

1.5 

0.2023 

O.1810 

=: 

89.47 

1.5 

0.2011 

0.1863 


92.65 

1.5 

0.4003 

0.3713 

SB 

92.76 

3 

0.4024 

0.3793 

= 

94-25 

2 

0.3990 

0.3873 


97.06 

4 

0.4018 

0,3410 

= 

84.87 

3 

0.4000 

0.3555 

SB 

88.87 

2 


A large number of determinations were made, and in no case could all 
the ammonia be recovered by this method of aeration. In each case 
quantitites of ammonia varying, in round numbers, from 3% to 15% 
were fotmd to be retained in the residual liquid in the Kjeldahl flask. 
This was shown to be the case by titration of the excess of standard acid 
in the absorption bottle in the usual manner. In two instances aeration 
was carried on ftom four to five hours and here from 11% to 12% of the 
ammonia failed to be drawn over. The amount of ammonia in the residual 
liquid in the Kjeldahl flask was determined in one of two ways: by trans¬ 
ferring the liquid to another flask and subjectii^ it to steam distillation, 
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or by applying a low flaixie to the Kjeldahl fiadc and contintixng the aera¬ 
tion for one hour longer. Either of these two ways allowed all of the am¬ 
monia to be recovered. 

These results are at variance with those of the authors of the previously 
mentioned article, and I am unable to account for the large quantities 
of ammonia which remained in the residual liquid. Possibly under 
the conditions of the experiments, a double salt of ammonia is formed 
which fails to give up all of the ammonia by aeration alone. Possibly 
the lower rate of aeration may account for the failure. I hope to be able 
to investigate this point further. * 

This faQure to recover all of the ammonia, by aeration alone, suggested 
a modification of the method has been carefully tried out and which 
it is desired to offer. The modification consists in utilizing the heat of 
neutralization and in heating the liquid in the Kjeldahl flask over a low 
flame during the entire period of aeration. Pieces of zinc may be added to 
prevent bumping. It is well also to use a larger amount of water than 
the original method calls for. The outlet tube of the Kjeldahl flask 
should be provided with a glass trap to prevent carrying over of the sodium 
hydroxide. This modification will allow all of the ammonia to be recov¬ 
ered from ammonia sulfate in one and one-half hours. The liquid in the 
absorption bottle naturally becomes quite hot from the steam, but no loss 
of ammonia occurs, provided the standard acid is present in excess. When 
the absorption of ammonia is complete the absorption bottle may be 
cooled and the excess of standard acid titrated in the usual manner. 

Aumoniuh Sulfats Rxcoveri^d by Modified Method. 


Amt. of 

(NH 4 )sS 04 taken. 

G. 

(NH 4 )tS 04 equivalent to ammonia 
recovered by aeration and heating. 

G. Per cent. 

Time of 
aeration. 
Hours. 

0.2020 

0 2015 *= 99.76 

15 

0.2013 

0.2009 » 99.80 

1-5 

0.4023 

0.4017 * 99.86 

1-5 


It seems to me that this modification is of especial value in those in¬ 
stances where a powerful suction pump is not available, as the time of ^ 
distillation by aeration can be shortened to one and one-half hours, or 
possibly less, by the application of gentle heat during the period of aera¬ 
tion. 

Cbemxcal Laboratory or ths Cou.rob or Hawaii. 

H0NOX.ULU, Hawau. 


NOTE. 

The Survival of Amylase in Dried Fodders .—^The \ride distiibttti<Hi of 
amylase in green plants is well known, and the literature on this subject 
has become quite extensive. No work seems to have been recorded, 
however, on the fate of ^ this enzyme when the plant is subjected to the 
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curing process common in agricultural practice. When the possible func¬ 
tion of the plant amylase in the digestion of the feed by herbivorous 
animals is considered, a new interest attaches to the amylase content of 
the plant and the loss that occurs in curing. This paper presents a pre¬ 
liminary study of the amount of amylase present in four dried fodders, 
m., alfalfa hay, clover hay, timothy hay and com stover. 

The method used in this work is based upon the new gravimetric method 
recently proposed by Sherman.^ A crude enzyme preparation was ob¬ 
tained in the following manner: 200 g. of the finely ground fodder, about 
six months old, were allowed to remain in contact with 500 cc. water for 
one hour at a temperature not exceeding 15 ®C. The wet mass was then 
subjected to a pressure of 300 kg. per sq. cm. in a Buchner press. From 
350“375 CC- of juice-were recovered. Sufficient 95% alcohol was added to 
bring the alcohol concentration to 35%; a heavy flocculent precipitate 
resulted which was filtered off as rapidly as possible and rejected. To 350 
cc. of the filtrate more alcohol was added until a concentration of 66% was 
reached. The resulting precipitate was filtered, washed with alcohol and 
ether and dried in vacuo over sulfuric acid. Further purification of the 
enzyme was not attempted. 

The starch used in testing the saccharogenic power of the enzyme was 
Baker's soluble starch which had been further purified by the method of 
Ford* until a portion gave a clear solution in boiling water, and was 
practically neutral to rosolic acid. One-tenth of a gram of the enzyme 
powder was dissolved in 5 cc. water at 40® and added to 45 cc. of a starch 
solution of the same temperature and of such concentration that the 
mixture contained exactly 2% soluble starch. The mixture was kept at 
40° for one hour. At the expiration of that time 20 cc. of o.i N NaOH 
was added to inhibit further enzyme action and the volume made up to 
100 cc. with distilled water. The saccharogenic power was foimd by 
determining the reducing power of 25 cc. of this solution by Allihn's 
method. The results are set forth in the following table. 

Enxyme preparation. Total 

/ . . . •*»■■■ ■ --» maltose 

Amount ob- Amount formed, Saccharogenic 


Source. tained, g. used, g. g. power. 

Alfalfa hay 1. 1.6 o.i 0.427 4.27 

Alfalfa hay II. 1.9 0.1 o.4cx> 4.00 

Clover hay.2.4 0.1 o.iSi i.8i 

Timothy hay. i.6 0.1 0.043 0.43 

Corn stover. 1.2 0.1 0.019 0.19 


Recalculating these results into terms of amylolytic activity of 100 g. 
of the dry fodder, the following figures are obtained: 

* This Journal, 3a, 1073 (1910). 

• J, Soc, Chem, Ind,, 23, 414 (1904). 
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Ff»dder. 

Saccbarogeaic 
power of loo g. 

Fodder. 

SocciMurogepic 
power of Too g. 

Alfalfa hay 1 . 

.7 67 

Timothy hay.... 


Alfalfa hay II.,.. 


Com stover. 


Clover hay. 

. 4-88 




These figures represent of course minimal values, since a slight loss of 
enzyme might be expected to occur in each step of the process of prepara¬ 
tion. The addition of sodium phosphate and sodium chloride as elec¬ 
trolytes failed to increase the activity, probably because electrolytes were 
abundantly present in the crude enzyme preparations. It is interesting 
to note, however, that the fodder retains some amylol3rtic activity after 
drying and that this activity is roughly proportional to the number of 
living cells in the plant at the time of cutting. Ray B. Nbidig. 

Cfinm. SscTxoM. Iowa Aok. Sxpt. Station. « 

Amks Iowa 


NEW BOOKS. 

Chemistry in America. Chapters from the History of the Science in the United States. 
By Edgak F. Smith. Blanchard Professor of Chemistry, University of Pennsyl¬ 
vania. Illustrated. D. Appleton & Company: New York and London. 1914. 
PP- 356 + xiii. Price, 12.50. 

The appearance of this book brings to mind an address by Ptofessor 
Benjamin Silliman on “American Contributions to Chemistry/' which 
was delivered in August, 1874, at Northumberland, Pa., on the occasion 
of the celebration of the Centennial of Chemistry, at the grave of Priestley. 
Dr. Smith has, however, brought to light much matter that was appar> 
ently not discovered by Silliman and^by quoting the authors whose work 
be describes, he is able to give a clearer idea of the nature and value of this 
work. It must be confessed that most of the chemical publications to whidi 
attention is called are of little value and have natimally been forgotten. 

It is nevertheless interesting to learn that the earliest contribution to 
chemistry from this country appeared September 10, 1768, in the Trans* 
actions of the American Philosophical Society. The title is “An Analysis 
of the Chal}^beate Waters of Bristol in Pennsylvania.*' The author is 
Dr. John de Normandie. Liberal quotations from the article are given 
which show that the author used the balance. Then follow quotations 
from an article by James Madison, who was Professor of Chemistry 
and Natural Philosophy at William and Mary College as early ai 1774, 
and from an article by Dr. Robert McCauslin. The author of the book 
then remarks: “These communications testify to a spirit of inquiry, at 
least, on the part of our early devotees to science. They are, further, 
interesting in that they show the use of the balance as early as 1768 and 
indicate the steps of analysis,** 

in 1792 James Woodhouse founded the Chemical Society of Philadel* 
phia. “As far as can be learned, Woodhouse was its first and only presi^ 
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dent. This Society lived about seventeen years. Its members favored! 
Lavoisier’s doctrine of combustion.” It appears that ” every year an 
address was delivered before the Society.” Two of these addresses are 
given in full—one by Thomas P. Smith, delivered in 1798, and one by 
Fdix Pascalis in 1802. 

“The arrival of Joseph Priestley in America, in 1794, and his frequent 
presence among the men of science of that day, greatly stimulated scien¬ 
tific studies.” Considerable space is given to matters pertaining to him, 
including the eulogium delivered after his death. 

Thomas Cooper, professor at Dickinson College, and afterwards at the 
University of Pennsylvania, was the first one to make metallic potassium 
in this country. He was also the editor of Thomas Thomson's “System 
of Chemistry.” 

In 1801 Robert Hare communicated to the Chemical Society of Phila¬ 
delphia a description of the oxy-hydrogen blowpipe which afterwards 
came to be known as the compound blowpipe. His description of this 
valuable piece of apparatus is contained in his “Memoir of the Supply 
and Application of the Blowpipe, containing an account of the new method 
of supplying the Blowpipe either with common air or oxygen gas; and also 
of the effects of the intense heat produced by the combustion of the hydro¬ 
gen and oxygen gases.” Of this Dr. Smith justly remarks, “It is a real 
landmark in scientific discovery.” Hare was only twenty when he in¬ 
vented the blowpipe. He later became professor in the University of 
Pennsylvania, which position he held until his resignation in 1847. He 
was without doubt the most influential chemist of that time in America. 

Without going into further detaifs, reference may next be made to 
James C. Booth, the first American to study analytical chem¬ 
istry in Germany. “With an education probably unequalled at tliat 
time by any chemist in America, he returned to the United States, and, 
in 1836, established in Philadelphia a laboratory for instruction in chem¬ 
ical analysis and appUed chemistry.” A little later T. Sterry Hunt (1826-- 
1892) appeared on the scene. In regard to him, Dr. Smith says: “An 
active participant in the upbuilding of chemistry in America was T. 
Sterry Hunt.” J. Lawrence Smith (1818-1883) was active at about the 
same time. His paper on a method of analyzing silicates by the use of 
calcium carbonate and chloride “was a very valuable contribution to 
analytical methods.” His principal work had to do with meteorites. 

Frederick A* Genth (1820-1893) was a German. He came to this coun¬ 
try in 1848. After “conducting a laboratory for commercial analysis 
and the instruction of special students in chemistry, he became Professor 
of Chemistry in the University of Pennsylvania, in 1872. “His earliest 
contributions were upon geological subjects. Later he devoted much 
fifw to mineralogical problems. The chemical research by which he is best 
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kaown to chemists relates to the ammoniia cobalt bases (the cbbtdt-amtnines) 
developed jointly with Wolcott Gibbs. His cniginal memoir was punish¬ 
ed in 1831 and contained the first distinct recognition of the existence 
of perfectly well defined and crystallized salts of the ammonia cobalt 
ba^s. Tte joint monograph of Genth and Gibbs appeared in 1856. 
This elaborate and extended research has always stood amon^ the finest 
chemical investigaticms ever made in this country.” 

“Wdcott Gibbs (1822-1908) for years held the most commanding 
position among the chemists of the United States.” 

“It was Gibbs' peculiar merit, that he, more than any other man, in¬ 
troduced into the United States the German conception' of research as a 
means of chemical instruction.” His investigations covered a wide range 
of subjects in inorganic, analytical, organic, and physical chemistry. 
"It was in the great research upon the ammonia cobalt bases, to which 
r^erence has already been made, that Gibbs finally found himself.” 

His most important contribution to anal}rtical chemistry was the elec- 
trol]rtic determination of copper now universally used. “The entire 
field of electro-analysis was thus thrown open by him.” His remarkable 
series of researches upon the complex inorganic acids, the publication of 
which began in 1877, continued well into the nineties. 

Gibbs undoubtedly exerted a powerful influence upon the development 
of chemistry in this country. His sjmpathy with young men, his enthu¬ 
siasm, his absolute fidelity to the highest ideals deeply affected many a 
young worker and helped to hold him on a true course. 

Others whose work is discussed in. the book before us are Albert Benja¬ 
min Prescott, Samuel W. Johnson (1830-1909) a pioneer in Agricultural 
Chemistry, John W. Mallet (1832-1912) of the Univeristy of Virginia, 
M. Carey Lta, (1823-1907), and Josiah Parsons Cooke (1827-1894) of 
Harvard. 

The book closes with some account of J. Williard Gibbs (1839-1903), 
of Yale, whose contributions to physical chemistry “are fundamental 
in nature and of broad application.” 

■ Dr. Smith has wisely refrained from speaking those who are still 
living. In conclusion he says: “It is not the writer’s purpose to dis¬ 
cuss the investigations which have come from the many working centers 
of the United States during recent years, that story awaits another nar¬ 
rator; but, if only a desire, on the part of Americans to learn more con¬ 
cerning the place which American chemists occupy in the world’s history 
of chemistry, is awakened, this compilation cff facts will not only have 
been a pleasure but it will have served a worthy purpose.” 

The bcx>k is to be regarded as a “compilation” and not as a history. 
All American cbmnists should be thankful to the author for the pains he 
has taken to collect this material and for placing it before us. It furnishes 
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the basis for the history of chemistry in America which remains to be 
written. Ira Remsen. 

Chextiical German. By Francis C. Phillips. The Chemical PublishinK Co., Hasten 
London: Williams and Norgate. pp. xii ■+• 241* Price, $2.00. 

‘'The work is intended for students who have had at least a year of Ger¬ 
man and who have mastered the eleinents of chemistry" (preface). This 
is not a book of the old style on "Scientific German" in general, but a 
systematic work designed to give the student an apportunity thoroughly to 
master the German language of chemistry. The first fifty pages include 
reading exercises involving chemical nomenclature in the restricted 
sense, as well as the language used in discussing familiar laboratory opera¬ 
tions. These are followed by quotations from various authors dealing 
with topics in the history of chemistry and with a multitude of specific 
subjects, both descriptive and theoretical. The book concludes with an 
excellent vocabulary, which, in addition to strictly technical words, in¬ 
cludes also the exact English equivalents of ordinary German words when 
the latter are used in chemical connections (a case in which the dictionary 
often confuses instead of helping tlie student). The book is compiled 
with excellent judgment and will fulfil its purpose admirably. 

Alexander Smith. 

Annuaire pour l*An 1914* Published by the Bureau of Longitudes. Paris Gauthier- 
Villars i6mo. Price, 1V2 francs. 

The physical and chemical tables of this yearly publication were de¬ 
scribed last year as fragmentary and unreliable. This year’s installment 
is not as good as last year’s. » J. W. R. 

^^troduction to Higher Mathematics for Scientists and Physicians.” By Dr. J. 
SalpETER. Jena. Gustav Fischer, 1913. pp 336, with 147 figures and index 
Price, 13 marks, bound. 

Several attempts have been made in recent years to make higher mathe¬ 
matics more palatable for those who dislike the extreme logical rigor so 
highly prized by the present-day mathematician, and more attainable by 
those who need in their professional work some acquaintance with the 
methods and results of higher mathematics. While granting the 
unique quality of the mental discipline afforded by the rigorous treatment 
of mathematical problems, the average student feels that after a con¬ 
siderable practice in such discipline he is entitled to a broader and more 
descriptive presentatioa of many of the more advanced theorems of mathe¬ 
matics than is to be found in most text-books. Mathematics is to a large 
degree an experimental science, and the methods of exposition which are 
customary in other experimental sciences may be applied with profit in 
this. That man who claimed that no one should lose a logarithm table 
who could not make one might equally well demand that no one should 
use a balance who could not construct one. 
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Dr. Salpeter, alter experience in teadijng b^ber Jmtbematias to men 
not inten^ng to become professional mathemarictans, offers the present 
book asa comprcnnise in whkk he atten^>tsto attain the hi^^iest d<^;tee 
rigor compatible with Anschaulichbeit. His problems are cmljr oc¬ 
casionally chosen with reference to their immediate applkaticm to phys¬ 
ical sdenoe, but he introduces two interesting chapters, one on the general 
methods of treating scientific problems mathematically, and one on the 
second law of thetmod)mamics. 

The real value of such a book can only be tested by its 'actual use as a 
text, but the originaity shown by the author both in the arrangement 
of the material and in the d^talis of presentation, must render this book 
an important contribution to the ma^ematical pedagogics. 

• Gusbrt N. Lewis. 

Ottdiaes of Theoretical Chemistry. By Frbdsrick H. Gsthan, Ph.D. (Johns 
Hopkins) Associate Professor of Chemistry in Bryn Mawr College. New York: 
John Wiley & Sons, 1913. ix + 467 pp. Price, 83.30 net. 

In the preface, Professor Getman writes: “The present book is de¬ 
signed to meet the requirements of classes beginning the study of theo¬ 
retical or physical chemistry. A working knowledge of elementary chem¬ 
istry and physics has been presupposed in the presentation of the sub¬ 
ject. * • .* * * With the exception of a few paragraphs in which 
the application of the calculus is unavoidable, no use is made of the higher 
mathematics.” The nineteen chapters bear the following titles: Funda¬ 
mental Principles; Classification of the 0 ements; The 0 ectron Themy; 
Gases; Liquids; Solids; Solutions; Dilute Solutions and Osmotic Pressure; 
Association, Dissociation and Solvation; Colloidal Solutions; Ihermo- 
chemistry; Homogeneous Equilibrium; Heterogeneous Equilibrium; 
Chemical Kinetics; Electrical Conductance; 0ectrol3rtic Equilibrium 
and Hydrolysis; Electromotive Force; Electrolysis and Polarization; 
Actinochemistry. As this list shows, the field is well covered; in each 
diapter there is a good selection of topics with well diosen illustrative 
examples and references to original sources. A collection of problems 
derigned to test the student’s grasp of the subject is found at the end ai 
each chapter. It has been the author’s aim, as announced in the preface, 
“to present the more difficult pcHlions of the subject * * * ia a 
dear and logical manner;” and, on the whole, in ^ opinion of the re¬ 
viewer, he has been successful. Misprints are rare; the figures, of which 
there are more than one hundred, are good and the press work and bind¬ 
ing are first-class. 

While the presentation of most topics is good, there are some cases 
such as combining and atomic weights, p. 8; deduction of Avogadro’s 
Law from the kinetic theory, p. 55; and the deduction of the Phase Rule, 
p. 290, where the treatment is weak. There are a fe^. topics where the 
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author seems to have forgotten that he is writing for beginners and that 
he^should make the rough places smoother; thus on p. 72, in discussing 
the method of Clement and Desormes for the determination of the ratio 
of the two specific heats of a gas, the author speaks of an adiabatic expan¬ 
sion and uses the adiabatic equation relating pressme and volume, with¬ 
out a word of explanation regarding the nature of an adiabatic process 
or the derivation or significance of the equation he has used. On p. 195, 
in the deduction of the equation for the elevation of the boiling point, 
we read: ‘‘Applying the well known thermodynamic relation, that the 
ratio of the work done to the heat absorbed, is the same as the ratio of 
the difference in temperature to the absolute initial temperature of the 
system, we have,** etc. While it is certainly proper in an advanced trea¬ 
tise or a journal paper to refer to the simplest statement of the second law 

well known] it is equally certain that this fundamental relation is not 
well known to most students who are beginning the study of physical 
chemistry, nor will such find further light on this most important subject 
in this text, excepting in two places where the treatment is essentially 
the same as in the case mentioned. 

Wliile the author devotes a i3~page chapter very satisfactorily to the 
electron theory, there is nothing on radioactivity; but it does seem a pity 
that he did not take one page for one of the most brilliant, and to the chem¬ 
ists most interesting, of recent results of electron research, namely, the 
exact knowledge of the absolute weight of an atom, which follows at once 
from a knowledge of the charge of an electron. The value for the elemen¬ 
tary electric charge given is the old one, 25% in error, which should be 
replaced by Millikan’s new value, e = 4.775 X E. S. U. 

There are a number of loose, partial or erroneous statements which 
are open to criticism, as for example: p. 159, the definition of a saturated 
solution; p. 187, the statement of Babo’s second law, which is meaning¬ 
less as given; p. 274, the statement that the differential equation relating 
equilibrium constant and temperature can “only be integrated if Q is 
constant.” The student does not learn from the book that the funda¬ 
mental problem is to find Q as a function of the temperature and thus 
secure a general solution of the problem. On p. 329, we find the classic 
statement that “the equilibrium is not disturbed by the presence of a 
catalyst.” In the light of the important work of Bredig, of Stieglitz 
and of Acree on catalysis, this dictum can no longer be considered as 
more than approximate in many cases. Contrary to the statement found 
on p. 209, an aqueous solution of chlorine does ^precipitate silver nitrate; 
according to Jakowin^ this is due to the reaction: CI2 + H2O HCl + 
HCIO. 

But these defects, which it is the duty of the reviewer to point out, 
*Z, phys. Chem,, 29, 6x3. 
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do liot» by any means, spoil tliis car^lly written orok* Ideal text books 
aare like ideal gases: very often discussed but never realized* Let us at 
least hope that as text follows text we are approaching The Ideal asymp- 
toticaliyt HaRBERT N. McCoy* 

Monograms oa laoiganie and Physical Chemistry. Edited by AtaxANU^R 
EximtAY. The Viscosity ot Liiiiiids. A. B. Dunstak and F. B Tiiota. lK)nx* 
mans* Grech & Co. vi + 91 pp. Price, 90 cents. 

This volume brings together in compact and very readable form the 
results of a large amount of work on viscosity. To select material from 
the thousand or more papers on this subject, representing many thou¬ 
sands of pages of material for a volume of so small a compass, must have 
been a serious task. The working principle, Findlay states in his pre¬ 
face to the series, is to give ‘‘to those engaged in guiding the reading of 
advanced students of chemistry adequately summarized accounts of the 
progress made in recent years.'* The authors, therefore, discuss at length 
the problems now pressing for solution, stated in their preface, p. v., as 
follows: “In spite of a century of experimental work no very definite 
method has been set up for the measurement of viscosity, and no general 
agreement has been arrived at for the setting forth and interpretation of 
the results obtained.*’ So clear a statement leaves no doubt as to the im¬ 
portance of the problems and in itself brings nearer the solution. The 
discussion of these problems is admirable. 

However, in this method of presentation one wonders whether the 
student will be able to get the right perspective when the problems which 
have been satisfactorily solved in the past receive so slight attention. 
For example,^ the authors give considerable space to the discussion of Hie 
different instruments for measurement by transpiration* But they do 
not refer to the discussion which ran in the literature during the middle 
of the last century over the fact that the transpiration method of Poi- 
seuille gave results which failed tfi agree with those obtained by the older 
method of Coulomb. It was finally satisfactorily proved that when the 
proper corrections are made both of the above methods, as well as other 
new methods, give concordant results, although the transpiration method 
is the most convenient and reliable. So the discussion today is after all 
merely as to the form of transpiration apparatus which will most con¬ 
veniently give reliable results* It is important for the student to know 
that the absolute transpiration method is definite in the sense that its 
results are reproducible, the necessary corrections, the methods for ob¬ 
taining the dimensions of the apparatus, as well as the nature of the flow 
being fairly well understood. The discussion at present arises from the 
fact that absolute measurements are not always convenient and relative 
measurements and are not always reliable. 

The monograph is free from typographical errors and any other errors 
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